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Abstract: The energy problem has been redefined as one of the most important elements 
of sustainable development by climate change, adaptation and mitigation. Meeting energy 
needs is always a current issue in Hungary, irrespective of climate change because of the 
country’s high dependency on oil and gas imports, limited opportunities to replace them 
with domestic production, and the pollution associated with using fossil energy sources. 
Increasing effectiveness and saving energy can provide relatively short-term solutions with 
bearable costs and a relatively quick return on investment. The aim of the present paper is 
to give an overview about the climate and energy policy in Hungary with a special focus on 
the new energy strategy. Energy policy has a pivotal role in the economic recovery plan of 
the Hungarian government. The National Energy Strategy 2030 taking shape in Hungary 
takes climate policy into account with respect to adaptation and mitigation and lists 
renewable energy sources as the second most important tool for achieving strategic goals. 
As in most countries, it is also possible in Hungary to introduce climate strategy measures 
with zero social costs. The expedient management of climate change requires the 
combination of prevention, adaptation and dissemination initiatives. Strategies must meet a 
dual requirement: they must face the economic risks associated with premature measures, 
while also considering the adverse effects of delay. 
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1. Introduction 

The increasing frequency of impacts related to climate change have urged detailed analysis of the 
subject, much like GHG emissions, preparing for changes, preventing adverse effects and minimizing 
damage even though the causality and possible countermeasures were uncertain in many areas. The 
precautionary principle advised preparation regardless. The Intergovernmental Panel on Climate Change 
(IPCC) has concluded that anthropogenic greenhouse gas emissions will continue to drive change in 
the future [1–4]. Hungary committed itself to maximizing greenhouse gas growth at 10% by 2020 
compared to 2005 levels in the non-EU ETS (Emission Trade System) sectors [5]. Several researches 
are dealing with energy and climate policy on a global level [6–29] but only limited research papers 
consider Eastern Europe predominantly focusing on special fields or sectors [30–37]. For instance, 
these limited analyses are centered on the water footprint of energy crops as a major environmental 
problem in Poland; carbon pricing and the diffusion of renewable power generation in Eastern Europe 
and the power utility re-regulation in East European and CIS transformation countries. Furthermore, 
these studies are also dealing with the interrelations between climate change and the energy consumption 
of Hungary in the road transport sector; wind energy utilization and sustainable agriculture in Hungary. 
The new Hungarian National Energy Strategy 2030 (2011) gives an exceptional opportunity to 
complement former examinations and also take into account sustainability. 

The climate of Hungary has never been kind, partly because continental, Atlantic and Mediterranean 
effects have all been present with varying dominance, resulting in dry, hot droughts followed by floods 
and inland water [38,39]. Thus Hungarian people have the negative experience of the increased 
frequency of weather anomalies, with damages becoming increasingly evident, even quantifiable, 
using different damage calculation methods. From the viewpoint of both sustainability and climate 
change, a holistic approach is needed to be able to examine the interactions and to find the possible 
solutions [40,41]. According to the IPCC Reports, climate change can be one of the greatest threats to 
sustainable development. Furthermore, the third IPCC Report emphasized in relation to sustainability 
that it can be an advantage in the mitigation of climate change [2,3]. The National Strategy for 
Sustainable Development [42] was adopted in 2007. It consists of eleven priority areas including 
climate change-related issues and focusing on both mitigation and adaptation efforts. Furthermore, the 
National Council for Sustainable Development was established in 2007. The Parliament can request 
the different predefined organizations, associations and bodies to send delegates into the Council. 

It has become evident that the mean temperature is increasing, along with the frequency and duration 
of extreme weather events. Therefore, the Hungarian Academy of Sciences has joined forces with the 
government in 2003 to explore the possible tools, methods and institutional background of adaptation 
and mitigation, taking into account pre-existing studies and initiatives, enlisting the expertise of 
researchers, government and agricultural experts on a wide scale. Participating meteorologists, experts 
in agriculture, energy management and social sciences, doctors, architects, insurance experts, etc. Have 
quickly come to the conclusion that the greatest threat posed by climate change manifests itself in 
food, energy and water supply security and health care [38]. It has also become evident that energy 
production is the leading anthropogenic cause behind climate change and changes in local weather 
conditions, making it a logical focus for planned interventions.  
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Meeting energy needs is always a current issue in Hungary, irrespective of climate change because 
of the high dependency on oil and gas imports, limited opportunities to replace them with domestic 
production, and the pollution associated with using fossil energy sources (CO2 as well as methane). 
Energy policy has special focus in the economic recovery plan of the Hungarian government. It plays 
an essential role in Hungary’s efforts to foster green growth and job creation [38]. The way forward 
was easy to determine: fostering energy savings, efficiency, and the use of renewable resources (this did 
not stop the search for new fossil energy sources, reassessing old ones and working with nuclear power). 

With all this in mind, between 2003 and 2006, the intensive scientific work, coupled with an offensive 
communication strategy and the inclusion of civil organizations managed to attract the attention of the 
scientific community, and, eventually, decision makers. The effects and impacts of climate change 
especially with respect to energy was debated on a variety of forums, eventually culminating in the 
concept for the National Climate Change Strategy [39]. In 2008, the National Climate Change Strategy 
was adopted for the years 2008–2025 focusing on Hungarian climate policy. This strategy has to be 
reviewed by the Hungarian Government two years following adoption and every five years thereafter. 
Furthermore, the strategy is supported by a two-year National Climate Change Program focusing on 
the most significant impacts and possible responses [43]. The adoption of the Framework Law for 
Climate Protection has been launched in Hungary. In February 2010, the draft version of the Framework 
Law for Climate Protection was submitted to the Hungarian Parliament. This framework law was 
supported by roughly 500, mainly environmental, social and rural NGOs. Finally, the Framework Law 
for Climate Protection was not approved by the Parliament mainly due to the lack of supporting 
solutions enhancing the possibility of sector-specific integration. 

Meanwhile, the Secretariat for the Green Economy and Climate Policy has been created, and the 
assessment of the National Climate Change Strategy is underway. The development of a National 
Adaptation Strategy is being planned, based on regional climate vulnerability. Plans for a National 
Decarbonization Plan are also in the works, aiming to limit temperature increase to 2 °C in accordance 
with EU goals [44,45]. 

What has been achieved in the past few years in Hungary is well illustrated by the prison on  
the Great Plain where nearly 800 convicts work, farming 4000 hectares, producing bioproducts on  
180 hectares, selling six million liters of milk and 17,000 tons of pork meat. A biogas plant is also in 
operation since 2008, based on 53,000 tons of organic waste. The work is done by 25 convicts, turning 
a profit on products, collected waste and electricity fed into the national network, meeting the needs of 
2000 households. This also results in 45,000 tons of CO2 savings, the quotas being purchased by the 
Austrian government, while all activities provide meaningful tasks for the inmates. 

2. A Succinct Review of the Hungarian Energy Sector 

The energy problem has been redefined as one of the most important elements of sustainable 
development by climate change, adaptation and mitigation. In order to understand the current situation 
it is necessary to mention that after the regime change in 1989, the structure of the economy has 
changed, energy-intensive industries have deteriorated and energy use has decreased to 1970 levels 
amid considerable unemployment and other social stresses. Therefore, even as the services sector was 
developing, primary energy consumption decreased by 16% between 1990 and 1992 despite growing 
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GDP, followed by a slow, 0.5% annual increase, decreasing again in the wake of the financial crisis in 
2009, adding up to 1056 PJ (1 PJ = 1015 J) in 2011. Hungary’s dependence on energy imports is 
illustrated on Figure 1. 

Figure 1. Hungary’s dependence on energy imports [46]. 

 

High energy intensity as a function of GDP is characteristic of Hungary. It is also clear that the net 
import of fossil energy sources has strongly increased between 1990 and 2005. 80% of the natural gas 
imports from Russia come through a single supply route. The structure of primary energy consumption 
in Hungary can be seen on Figure 2. The share of renewable energy sources amounted to 7.3%, well 
below the 10.3% average of the EU. 

Figure 2. The structure of primary energy consumption in Hungary [46]. 
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The Central European Region is key in the long-term infrastructure development plans of the EU, as 
illustrated by Figure 3. 

Figure 3. EU priority corridors for electricity, gas and oil [47]. 

 

There are three development options to import natural gas to the region from sources other than the 
Brotherhood (Testvériség) pipeline: 

• The expansion of the Austrian-Hungarian interconnector (Baumgarten/Moson) and construction 
of the Slovakian-Hungarian interconnector. The capacity would be sufficient to cover nearly all 
imports and provide a connection to the Western European market; 

• The construction of the North-South Interconnections, incorporating the Slovakia-Hungary, 
Croatia-Hungary connections as well as the Adriatic oil pipeline, providing access to Polish, 
Croatian Slovenian and Italian LNG terminals, and eventually the Polish shale gas sites if 
production starts and related climate risks (e.g., methane leak) are managed; 
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• The Southern Gas Corridor projects, making other natural gas sources accessible, primarily in 
Central Asia (Nabucco) and as well provide an alternative shipping route for Russian gas 
(South Stream, AGRI). 

Former Eastern Bloc countries had to move forward with fundamentally different energy strategies. 
Hungary had to consider the purchase of nuclear reactors while expanding commitment to energy 
efficiency [48]. The Paks Nuclear Power Plant (Paks NPP) plays important role in the electricity 
production. The nominal power of Paks NPP is 2000 MW. Therefore, Paks NPP has a leading role in 
Hungarian energetics: it takes part of more than 40% of national energy production [46]. In 2010, the 
four units of the nuclear power plant produced 15,761 GWh electric energy. The electricity production 
in Hungary is shown on Figure 4. 

Figure 4. The structure of electricity production in Hungary [46]. 

 

Mineral resources are the property of the state and are part of national wealth. Their administration 
belongs to the Hungarian Office for Mining and Geology. The mineral resources of Hungary can be 
seen in Table 1. 

Table 1. Mineral resources in Hungary [46]. 

Resources Geological Asset (2010) Production (2009) 
Oil (million t) 209.4 0,80 
Mineral coal (million t) 1625.1 - 
Brown coal (million t) 3198.0 0,95 
Lignite (million t) 5761.0 8,03 
Uranium (million t) 26.8 - 
Natural gas (billion m3) 3563.0 3,12 

Hungarian coal reserves are sufficient for the country’s needs for around 200 years, but the high 
costs of mining and the GHG emissions are a serious concern. 



Energies 2012, 5            
 

 

500

Biomass is a relatively abundant resource in Hungary. Even in 1985, reports on the agro-ecological 
potential concluded that the primary biomass production is 53.5 million tons from wheat (64%), forage 
crops (13%), industrial plants (5%), wood and forests (13%), and groceries and vegetables (5%). 
Secondary biomass (cattle slurry, litter, etc.) production amounted to 7.1 million tons [49]. From 
tertiary biomass (food production), 3.5 million tons vegetable and 870,000 tons of animal biomass was 
produced [49]. Some of the byproducts of food production is used in agriculture, the pharmaceutical 
industry, etc. Using waste is also gaining ground, especially with regards, to biogas production. 
Biomass was presented here because of its role among renewable resources and in absorbing CO2. 

Climate change, exhausting natural resources and other factors make it necessary to reassess the 
position of the energy sector. Based on our research, the following developments can be expected: 

• Energy security becomes a basic condition for everyday life. This is especially true of Hungary 
due to its energy dependence and resulting insecurity. 

• Energy prices and costs will increase, affecting livelihoods. 
• Offsetting the impacts of climate change, sustainability and the protection of the environment 

become inseparable from energy production and supply. 
• The economy of production, competitiveness and the costs of households increase social 

tensions, and disrupt fighting poverty, which is already one of the most complex challenges the 
EU has to face and is strongly correlated with employment and welfare. 

3. Saving Energy, Increasing Effectiveness in Adaptation and Mitigation 

Increasing effectiveness and saving energy can provide relatively short-term solutions with bearable 
costs and relatively quick return on investment. These solutions decrease fossil fuel use and thereby 
CO2 emissions. We have discussed the abundance of biomass sources in Hungary, but it is important to 
note that burning biomass also produces CO2. However, the source of this CO2 is the atmosphere and 
therefore there is no net increase in atmospheric CO2 as opposed to burning fossil fuels. Currently, 
climate policy is not the most significant issue on the national political agenda in Hungary. However, 
numerous different mitigation and adaptation programs and strategies have been initiated in recent 
years, even as the Fourth National Communication of Hungary to the UNFCCC stated that “very often 
climate change mitigation is not the primary objective for a policy or measure, but rather a secondary 
benefit, which is, nevertheless, expected and assessed” [50]. 

In 2009, Hungary emitted 63.792 million tones CO2 equivalent GHG including absorbers. It is 
43,3% lower compared to the average years 1985–87 that was the base for Hungary’s 6% undertaking 
in the Kyoto Protocol. Emissions stagnated between 1999–2005 due to the economic collapse. According 
to the last UNFCCC report in 2008 [51] the greenhouse gas emissions of Hungary were stagnating 
until 2005, when a decrease has been observed as it is shown by Figure 5, not including LULUCF 
(land use, land use change and forestry). 

In 2009, carbon dioxide accounts for the 75%, methane for 13% and nitrous oxide for 11% of 
emission. The share of F-gases is not significant in the total emission. CO2 mainly originates from the 
combustion of fossil energy. The main sources of methane emissions are landfills and animal farming. 
More than three quarters of emissions can be attributed to energy production. Another significant 
sector is agriculture (13%), followed by industry (6%) and waste (6%) (see Figure 6). 
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Figure 5. Hungary’s GHG reduction 1985–2005 (excluding LULUCF) [52]. 

 

Figure 6. Hungary’s GHG emission by sectors in 2009 (thousand tones, CO2eq, %) [52]. 

 

The simplest way to achieve savings in households is to promote energy savings, with the estimated 
potential being around 20%. The results of raising awareness, behavior change, “turn it off” and “turn 
it down” type actions and initiatives stressing the need to offset rising energy prices and protecting the 
environment can already be felt in Hungary. These actions in our experience can only be successful if 
they take into account rigid thinking and old customs as well as comfort requirements and social 
demands. It is obvious that the potential for savings is very different for households, for transport, in 
small communities, etc. 
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Renewable resources can contribute to decreasing fossil fuel use and mitigation be they complex 
industrial processes or simple household methods. A fine example of the latter is compost production 
and use in gardens, a substitution for using fertilizers. Hungary’s potential for energy efficiency  
and savings is estimated at 25–30%. Improving technologies and processes, the maintenance of 
infrastructure, institutional development, government functions and civil organizations can all play  
a role in this. Increasing efficiency is possible in production and consumption, but is more  
investment-intensive than energy conservation. It is important to note that the combined deployment of 
conservation, increasing efficiency and using renewable resources can lead to synergic effects [53]. 

Transport is another major source of CO2 emissions, which, as opposed to industry, is constantly 
growing, making conservation and increasing efficiency in this area particularly important. Accounting 
for 10% of GDP, as well as 10 million workers, it is also a major source of pollution and noise 
emissions. The adverse effects of transport are amplified by congestion, resulting in traffic jams, 
aggravation for motorists and even more pollution [54]. There are many areas of intervention, but the 
general goals include decreasing oil dependence and increasing the share of electric, hydrogen and 
biofuel vehicles. The basis of electrification is primarily nuclear energy. Using more sustainable fuels 
in public transport can also decrease CO2 emissions. The main policies and incentives in Hungary as 
well as in Europe are focusing on first-generation biofuels by providing tax exemptions and other 
forms of support [55]. Hungary due to its agricultural potential, climatic and economic conditions is 
well suited to the production of biofuels. Corn, wheat, rapeseed and other possible raw materials can 
achieve a relatively high yield. Overproduction, one of the major problems in recent years seemed to 
be a very good source of raw materials [56]. As an agricultural country, Hungary cannot only produce 
energy crops (such as rapeseed and sunflower) efficiently, but crop production as well is likely to 
exceed domestic demand in the long term [57]. 

Another important area of conservation and efficiency is building energetics, with a 40% share in 
Hungarian energy consumption (66% of which comes from heating and cooling.). Unfortunately,  
70% of the 4.3 million buildings do not meet modern requirements. The energy saving potentials  
in the building stocks (both residential and public sectors) of Hungary are significant [58,59]. 
According to the NEGAJOULE2020 research project [58], 34% of primary energy consumption goes 
to residential buildings and the remaining 66% is split among all other sectors (industry, traffic, public 
institutions etc.). More than 40% (152 PJ) of the Hungarian household energy consumption could be 
saved with more energy-efficient buildings. The refurbishment of family houses can lead to the highest 
energy saving. Public buildings are a major source of wasted energy, especially in smaller 
communities, even though using local energy sources would be simpler to manage. An especially 
important area is the reconstruction, insulation of the housing estates built in the last decades, and 
making it possible to measure energy consumption individually. Currently, the mean heating energy 
use for a unit area is twice the Western European average. Improving district heating is also important 
for increasing efficiency. New, energy-conscious construction methods such as passive houses and 
other state of the art heating methods in accordance with OBREDIM (Observation, Boundaries, 
Resources, Evaluation, Design, Implementation, and Maintenance) are also spreading. 
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4. Climate Change and the Increasing Value of Renewable Energy Sources 

According to the prognosis for Hungary, warming, drought and an increased frequency, damage and 
duration of extreme weather events can be expected [38]. The so-called VAHAVA Report, titled “The 
global climate change: domestic effects and responses” has been created within the 3-year cooperation 
project between the Hungarian Academy of Sciences and the Ministry for Environment and Water 
(2003–2006), evaluating the situation in Hungary, related research and results based on a wide 
scientific synthesis. The VAHAVA Report served as a basis for the National Climate Change Strategy 
(2008–2025) [39] defining Hungarian climate trends and expected changes, detailing climate protection 
and adaptation opportunities by sector. The decade that passed since the prognosis has proven it to be 
right, underlining the importance of preparation, prevention and energy security. Storms, flash floods, 
landslides and hailstorms have drawn attention to the importance of energy security. It is enough to 
consider the consequences of a power outage in households, transport, etc. The topic also encompasses 
to insurance issues. Incentives towards prevention and diversifying the insurance system could be the 
results of expected future extreme weather events. With respect to these events, preparations must be 
coupled with damage control and restoration as well. 

The National Energy Strategy (2011) taking shape in Hungary takes climate policy into account 
with respect to adaptation and mitigation and lists renewable energy sources as the second most 
important tool for achieving strategic goals [46]: 

1. Energy conservation; 
2. Using renewable energy sources as much as possible; 
3. Safe use of nuclear energy; 
4. Electrifying transport based on nuclear energy; 
5. Increased involvement of agriculture in energy production; 
6. Compliance with the European energy infrastructure. 

The National Energy Strategy (2011) [46] stresses that the use of renewable energy sources should 
be fostered taking into account natural conditions, cost efficiency and other benefits (employment, 
food security, water conservation, forestry, etc.) [60]. The renewable energy mix of Hungary includes 
wind, solar, geothermal, hydro and biomass. Experts agree that biomass (and derived biodiesel and 
bioethanol) has considerable potential. 

Wind energy, geothermal and solar collectors can also be locally significant. Hydropower is 
neglected, even though the plans have been ready for decades. Photovoltaic can play an important role 
in autonomous systems. Energy experts have estimated the share of renewables by 2025–2030 at  
only 8–10%, but it is evident that due to different constraints, pressures and innovation, this will 
be obsolete. 

Hungarian calculations unfortunately do not pay due attention to energy production from waste, 
even as burning waste and biomass gasification make up 15–20% of renewables in some countries. 

According to the prognosis of the Regional Centre for Energy Policy Research based on  
six scenarios, the share of renewables will be 15–20% by 2030 and 20–35% by 2050 with considerable 
CO2 savings [52]. 
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Around 40% of Hungarian energy use goes to heating and cooling, an area where the share of 
households and the services sector is 60%, imposing considerable overheads. The Hungarian Energy 
Strategy Plan assumes a 30% decrease by 2030 with a 25% share of renewables (this could be higher 
for households and the services sector, up to 32%). 

The advanced natural gas infrastructure of Hungary is vulnerable despite its geographic location 
because of the 80–85% unilateral imports. There are multiple ways to decrease this dependence. In the 
case of natural gas, renewables have an opportunity in heating and cooking. 

5. The Role of Renewable Energy Sources in Sustainable Rural Development 

Income and development gaps have clearly been increasing in Hungary since 1990, the regime 
change, and government initiatives have had little success in fighting this trend. According to OECD 
criteria, 96% of Hungary can be classified as a rural area, home to 74% of the population, underlining 
the pivotal role of rural areas in future development opportunities. The recent economic, social and 
environmental challenges have created ever-larger problems in these rural areas. Creating new strategies 
and models that contribute to increased employment in these areas is of exceptional importance as high 
unemployment and low qualifications are approaching a critical level and hindering development. 
According to previous Hungarian studies, the most important factors of the sustainability if micro-
regions—related to the three dimensions of sustainability—are the following: community, economy, 
infrastructure, institutional system and natural environment [61–63]. All these factors are connected 
with the utilization of local energy sources. Positive changes can be achieved in multiple priority areas 
of rural development through the improvement of the energy sector (increasing employment, sustainable 
development). According to experts, biomass-based energy production that takes sustainability criteria 
into account can contribute to saving and creating jobs in agriculture and increasing the competitiveness 
of rural areas [64]. 

The National Rural Strategy is expected to be completed in 2012. This document will contain action 
plans for the revival of agriculture and rural areas. The comprehensive goals of the strategy are the 
following [65]: 

• Saving and creating jobs in rural areas; 
• Retaining rural populations, restoring the demographic balance; 
• Providing energy and food security, eliminating vulnerability; 
• Increasing the competitiveness and market positions of agriculture and the food industry, 

restoring the balance of crop cultivation and animal husbandry; 
• Protecting water sources, soil, biodiversity and landscapes, increasing environmental security; 
• Energy production based on local resources and systems, energy security, decreasing foreign 

dependence; 
• Increasing rural quality of life, diversifying the rural economy; 
• Restoring the close connections between cities and surrounding rural areas. 

The National Rural Strategy 2020 formulates concrete tasks and national programs for the 
implementation of these goals. 
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There are 174 statistical micro-regions in Hungary (corresponding to NUTS 4, and LAU 1 levels). 
These were analyzed through five indicator groups. Based on economic, infrastructural, social and 
employment indicators, it has been established that there are 33 particularly underdeveloped regions, 
home to 10% of the population. Hungary has one of the lowest employment figures in the EU, and the 
situation is exacerbated by the fact that 600,000 out of the 10 million population have no qualifications 
at all, and are concentrated in the 33 underprivileged regions. This makes it ever more important to 
foster and support a green program decreasing GHG emissions, promoting better land use patterns  
and bioenergy. 

The program calculates first and foremost with burning primary biomass from crop cultivation 
byproducts using 0.5–10 MW co- or trigeneration power plants. In other cases, no electricity is being 
produced, heat is generated instead for heating/cooling. One version of the program calculates with 
200–400 thousand hectares of energy forest. This can be achieved from currently unused land, 
providing 30–50,000 workers with a living. We have conducted studies on the micro-regional level in 
the Eneregio project (2007–2008), aiming to assess the status and outlook of Hungarian micro-regions 
with respect to energy, and to carry out a comparative analysis on sustainable energy management.  
The main goals of the research were the following: 

• Developing a methodology for determining and forecasting (scenarios until 2015)  
micro-regional energy demand; 

• Geographic identification of possible improvements in energy efficiency for energy-intensive 
industries and district heating; 

• Assessing micro-regional potentials for household energy savings (electricity, heating  
and cooling); 

• Assessing micro-regional renewable energy source potential: identifying environmentally 
friendly and economically efficient methods, complex economic-social-environmental analysis; 

• Micro-regional analysis of competitiveness, employment, environmental protection and 
development policy aspects of energy management. 

A database has been created on the project web page that enables local decision makers to query 
their regional renewable energy mix, energy demand prognosis, renewable energy potential and local 
opportunities for energy conservation and efficiency. 

When assessing renewable energy sources it is important to note that this is not conventional market 
production and exchange, but rather public goods and externalities, requiring different logic and 
policy. All renewable energy use decreases fossil fuel consumption in absolute and relative terms.  
The importance of which in Hungary is underlined by import dependence and the need to decrease 
GHG emissions. 

Using biomass for energy production be it an agricultural product (wheat) or byproduct (straw, 
chaff) is not competitive with conventional agricultural production simply because food production 
meets a more important and basic need. This has been underlined by climate change in the recent past, 
and prognoses warn of soil degradation and scarce water, even as there are millions starving and have 
no clean drinking water and currently cannot irrigate their crops today. 

Yet one of the reasons for using biomass in energy production often cited is that it breathes new life 
into rural areas, creating jobs and improving the quality of life, bringing with it a new industry. 
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There are more and more expert views that food production in Hungary is much more important 
than energy production when it comes to biomass. They stress that biodiesel is only competitive with 
oil through subsidies and that its low energy density increases shipping costs, while supply is uncertain 
in some cases. 

There is now an agreement among experts that using renewable energy sources decreases import 
dependence, promotes sustainable development, environmental protection and induces synergic 
effects. The proposed measure of choice is economic effectiveness, a measure that is improved once 
external costs are introduced into the equation. Experts also agree that biomass is of primary 
importance among renewables, and can have the following uses: 

• Combustion, heat production, electricity production; 
• Production and sale of bio-briquettes as fuel for gas generators; 
• Producing bioethanol and biodiesel; 
• Burning and pyrolysis of combustible gases; 
• Biogas production. 

Experiments are ongoing in all these fields in Hungary and reference plants are being built. The 
precondition for widespread use is the availability of affordable, mass-produced machinery. Until 
cellulosic fuel becomes a mature alternative, using byproducts could be the solution. The net calorific 
value of such possible energy sources can be seen in Table 2. 

Table 2. Net calorific value of biomass byproducts [64]. 

Byproduct Net Calorific Value (kJ/t) 
Straw 13.0–14.2 
Corn straw 10.5–12.5 
Corn cob 12.5–14.6 
Sunflower straw 8.0–10.0 
Grapevine and fruit tree chips 21.0–23.0 
Wood chips 10.0–14.5 
Wood industry byproducts 13.0–16.0 

Considering the nature of byproducts (large volume, low weight), local use is the realistic goal 
because of high shipping costs. Briquetting is a viable solution to this problem and is being used as a 
substitute of oil in many areas. Pyrolysis and gasification was used during World War II for electricity 
production. Biogas production (anaerobic fermentation of organic matter) has also been used for a long 
time (e.g., for heating broiler chicken coops). Currently, this technology is implemented on a large 
scale. Biogas can also be used in the production of methanol. The yields of organic input can be seen 
in Table 3. 

Table 3. Biogas production yields [64]. 

Raw Material dm3 gas/kg Input 
Swine slurry 445 

Stable manure 225 
Wheat straw 250 

Sewage sludge 525 
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As it was mentioned before, there are more rural areas in Hungary than the EU average, and their 
sensitivity and vulnerability are greater from a certain viewpoint than that of other areas. The situation 
is complicated by the settlement structure of Hungary. The ratio of small settlements is remarkably 
high out of the 3200 settlements. The peculiar network of municipalities that is unique in Europe with 
its wide range of tasks and responsibilities and its thin-spread nature can also be mentioned. The 
overload resulting from obligatory municipality tasks and the difficulties of finding financial sources 
for optional tasks are a general problem. 

Furthermore, our examinations suggest that among the dimensions and levels of sustainability, it is 
likely that on a local level, progress is easier, as it can be assumed that in a small region or community, 
the practical implementation of sustainability is a vital challenge to those living there [66,67]. 

The use of local-level assessments is pivotal to better grasp local reality [68]. Furthermore, there is 
a lack of information on how local knowledge can encourage local mitigation and adaptation strategies. 
This is why we have chosen the micro-regional, settlement level, trying to find out how sustainability 
can be implemented and enforced in a region rich in natural values taking into consideration the 
possible effects of climate change. The subject of the analysis was the Lake Tisza region in Hungary 
and the 73 settlements in the Regional Development Council of Lake Tisza. This region has been 
selected because it is rich in environmental values (protected, Ramsar sites, Natura 2000 areas, Lake 
Tisza, Tisza), coupled with economical and social problems and a significant Romani population, 
making it suitable for the complex evaluation of the interdependences. The environmental values, 
biodiversity and natural ecosystems play special role in sustainability especially from the aspect of 
climate change [69,70]. One focal point of this examination was climate change on the local level 
especially dealing with the opinion of local stakeholders about energy efficiency and energy 
consciousness. The research mainly focused on how sustainability can be implemented for a livable 
settlement, environment and countryside. Determining the answer is complicated by the fact that the 
analyzed region is an especially disadvantaged area of Hungary. 

In the interest of preparing for climate change it is expedient to develop an action plan to help 
preparation, prevention, alleviation and reconstruction so that possible courses of action will be clear 
to all. Developing local measures for saving energy, increasing efficiency and using alternative energy 
sources is equally important in preparation and decreasing living costs, with special emphasis on 
investments and development [71]. Human health, the security of food and water supplies are critical 
among the effects of climate change. Water is especially important since the study shows that people in 
the region are extremely optimistic about water supply and quality perspectives. The existence of Lake 
Tisza and natural values justifies reviewing the status of and making suggestions for the future of 
water resources, water protection, alternative solutions and the rational use of groundwater, thermal 
water and irrigation. The results are summarized into a local model that can foster the practical 
implementation in the research area [41]. This model has a significant role in putting climate change in 
a broad societal context regarding all dimensions of sustainable development, and putting together 
information on local mitigation and adaptation options that can fit recent policy instruments and 
structures of municipalities [44]. 
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6. Detailed Environmental Analysis of the Application Opportunities of Conditionally 
Renewable Resources 

In the following paragraphs, there will be attempted to rank the different application opportunities 
of biomass relevant in Hungary according to its sustainability relevance. The methodological background 
for the ranking has been presented in the Strategic Environmental Assessment of the National Energy 
Strategy. Sustainability priority list of conditionally renewable resources in Hungary [72]: 

1. Biogas, landfill gas. The energetic utilization of high-methane byproducts from livestock and 
waste management is exceptionally important for the integration of environmental and 
sustainability efforts in energy management. In its effects, it is especially important for 
decreasing air pollution and improving air quality (including global effects). Biogas and landfill 
gas are also a viable alternative to partially substitute natural gas imports. 

2. Decentralized utilization of agricultural and forestry byproducts. From a sustainability 
perspective, using agricultural and forestry byproducts in power plants with a capacity in 
excess of 20 MW is not desirable, in part because transport externalities may decrease the CO2 
and energy balance to negative levels. Small scale, local power generation (e.g., direct heating, 
village heating, local pellet production) has climate protection advantages, however the 
environmental effects, especially from the aspects of local emissions, health risks and 
increasing food security. 

3. Decentralized utilization of forest biomass (firewood) for heat production. It is important to 
note that firewood is less renewable than wood chips, therefore incentive and support systems 
must be developed based on local conditions. Local production should be preferred for its 
higher efficiency in energy conversion, improving energy efficiency, increasing the share of 
renewable resources, contributing to the protection of forests and decreases global air pollution 
effects. However, local emissions can still be a problem, same as with agricultural byproducts. 

4. Woody biomass from energy plantations in heat and electricity production. This utilization 
method is disadvantageous from an environmental perspective because of its resemblance to 
intensive agriculture and resultant negative effects on water, soil and biodiversity. As the 
plantations require a considerable amount of chemicals, water security and vulnerability is an 
issue to be taken into account. It is important that energy plantations should be established in 
less valuable and vulnerable, marginal areas, minimizing the risks associated with food security. 

5. Production and usage of biofuels. The energy policy of the EU and the Energy Strategy of 
Hungary both emphasize the use of locally available resources and local biofuel production. 
The share of biofuels in the Hungarian transport sector corresponds to the European average, 
currently at 4.4% by energy content. Demand for E85 is met by domestic production, using 
first generation technology with corn as the raw material. Price is currently competitive as a 
result of excise tax exemption for E85. The use of biofuels has beneficial effects on air quality 
and therefore human health, however their production and processing carries risks, especially 
in the areas of food security and environmental protection. Sustainability criteria should be 
taken into account during the production and use of biofuels (e.g., avoiding high transport 
costs, competition with food production, forest, landscape and soil protection). The utilization 
of biofuel production byproducts should also be emphasized. Second generation technologies 
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should be preferred for their more favorable environmental implications, however 
corresponding large scale technologies and cost-benefit conditions are not yet fully known. 

6. Forest biomass (firewood) for heat and electricity production. In 2009, 8% of electricity 
production came from renewable sources (two thirds of which was firewood and logs). This 
method of utilization has the least favorable environmental performance in renewable heat and 
electricity production, carrying environmental protection risks and generating environmental 
conflicts, and its use should therefore be minimized. It is important to note that the majority of 
renewable electricity production in Hungary comprises of burning firewood in obsolete coal 
power plants with low efficiency. 

This sustainability priority list of conditionally renewable resources can contribute to the coherence 
between Hungarian climate and energy policy. Furthermore, it can foster the practical implementation 
of sustainable development. 

7. The Main Barriers of Cost-Efficient GHG-Emission Reduction in Hungary 

The impact of energy prices on achievable energy efficiency potential in Hungary is clear. Higher 
energy costs increase the value of savings, improves return on investment and increases the number of 
cost-efficient projects. Although indirect state support is still present in some areas (e.g., district heating), 
most other energy prices have largely converged on market price levels. The energy savings potential 
is mostly under-utilized because of the lack of investment capital and information, unpaid energy bills 
and uncertainties in property rights. Numerous studies and economic analyses have been conducted 
during the last decade to examine technologically feasible abatement options that can lead to the most 
significant reduction potential with the least social cost [73–75]. For instance the Stern Review stresses 
energy prices based on social costs [22]. According to these examinations it can be stated that there are 
options with both enormous savings and negative costs that provide the possibility for win-win 
solutions [76]. 

Based on our findings, the role of domestic capital in energy and environmental investments is 
considerable, therefore mobilizing local industries and consumer spending is key to utilizing energy 
saving potentials. Foreign firms should also be encouraged to undertake energy efficiency investments. 
Experimental projects supporting the United Nations Framework Convention on Climate Change are 
good examples of how technical, financial and management barriers to energy and CO2 emission 
savings can be overcome. 

Innovations in energy efficiency and related institutions can have a key role in retaining a 
competitive edge in the economic and environmental scene. International development loans do not 
currently support small projects because of high transaction costs compared to expected profits, a 
situation that should be changed. One of the ways to do this would be to channel capital through 
energy management consulting firms. These firms would enter into small service contracts and pay the 
loans of lots of small projects. The same purpose is served by on-lending operations from international 
development institutions to small local banks. 

A further flaw is that there is insufficient experience in project development and the ex ante 
evaluation of investments that would be necessary to determine whether a project should be eligible for 
funding. The EBRD considers this the greatest barrier for energy efficiency developments. Helping the 
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work of local managers, project leaders and bankers with experience exchange during the phase of 
project development would allow for greater efficiency. Energy efficiency centers working with local 
experts are a good example to follow in institutional development. 

There are multiple opportunities for energy conservation in Hungary, but these are largely 
dependent on economic policy, technological development and capital investment. If, as a political 
measure to decrease emissions, a carbon or energy/carbon tax would be introduced, the redistribution 
of the proceeds could have a profound impact on prevention costs. 

Increasing the share of renewable energy sources can only be socially viable with an increase in 
cost efficiency. If the above measures are implemented (and our calculations prove that they are 
economically effective), global sustainability can be promoted in such a way that it also increases the 
welfare potential of the “current generation”. Related main conclusions can be found in Tables 4 and 5. 

Table 4. Economic effects of GHG emission reduction and adaptation measures (Source: own work). 

Economic 
processes 

Mitigation 
“Avoiding the unmanageable” 1 

Adaptation 
“Managing the unavoidable” 1 

Economic 
growth 

- Average cost GDP 1% (standard 
deviation (−2)%–(+5)% (world 
average) (Stern Review) 

- Low GDP increasing effect in 
Hungary until 2025 

- After 2025 the increase in energy efficiency (production and 
especially consumption) will decrease GDP. However, welfare 
indicators (ISEW, GPI) may increase. 

Economic 
equilibrium 

“State budget” 

- The price of coal (social cost: 
$85/t) $2.5 trillion income (world) 
(Stern Review) 

- Budgetary expenditures are lowered by pricing at the social cost 
(e.g., Transport), improving budget balance 

International 

- Disrupted equilibrium due to fossil 
fuel import dependence 

- Neutral effect if support is 
increased for renewables 

- Utilizing domestic energy capacity leads to less import—
positive effect 

Employment 
- If coal is priced at the social cost, 

employment-stimulating effect  
(on human labor) 

- Using social costs makes human labor less expensive in 
comparison, increases employment 

Energy supply 
security 

- Decreasing in the first 5 years 
- May improve due to carbon tax 

(renewables, labor) 

- Energy systems are regionally organized and coordinated, R&D 
increases energy efficiency, which in turn increases energy 
security (virtual power plants). Considerable benefits from 
innovation, improved cost effectiveness of mitigation 
technologies 

Technology 
policy 

- New technologies are more 
expensive at the start  
(learning curve) 

- Mass dissemination of new technologies (energy production and 
usage) lowers costs below the costs of conventional 
technologies. 

1 Expressions from the SigmaXi study of the UN [77]. 
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Table 5. Social effects of GHG emission reduction and adaptation measures (Source: own work). 

Social 
processes 

Mitigation 
“Avoiding the unmanageable” 1 

Adaptation 
“Managing the unavoidable” 1 

Human 
health 

- Due to heat waves medical costs can reach  
0.5–1% of GDP. (Stern Review) 

- Adaptation to the possible effects of climate change 
can reduce health damage 

Social and 
political 
security 

- Increasing energy prices may increase the 
possible conflicts between the population and 
governments. 

- The social cost of carbon can lead to conflicts 
between energy producers and governments. 

- Pressure to soften the social cost of carbon. 

- Starting energy efficiency programs (financed by 
state budget) may decrease social conflicts and can 
cause corresponding interest between population and 
government in the long term. 

Migration 

- The increasing sea level can result in the 
relocation of 250 million people by 2050.  
(Stern Review) 

- Hungary can be involved as a possible 
destination of migration. 

- Due to the effective adaptation no significant 
migration can be expected. 

Regional 
differences 

- The increasing share of biofuels can slightly 
decreases rural migration. 

- Industrial technologies require little human labor 
thus significant growth in employment rate can 
not be expected. 

- Increased energy efficiency and decreased human 
labor taxes may enhance the economic efficiency of 
agro-environmental programs and keeping rural 
population. 

1 Expressions from the SigmaXi study of the UN [77]. 

8. Conclusions 

As in most countries, it is also possible to introduce climate strategy measures in Hungary with zero 
social costs. The expedient management of climate change requires the combination of prevention, 
adaptation and dissemination initiatives. Strategies must meet a dual requirement: they must face the 
economic risks associated with premature measures, while also considering the adverse effects of delay. 

Prevention is linked to mobilizing financial assets, supporting the development of new capacities 
and all possibilities for promoting behavioral change and an increased utilization of technical 
opportunities. Defining a prevention strategy on the national level combined with cost efficiency may 
highlight other aspects (such as national budget interests) as well. The selection of measures may be 
interconnected with environmental goals, such as decreasing other (non-GHG) emissions, afforestation 
or managing impacts on individual regions or communities. 

Decreasing GHG emissions is possible from both a technical and a cost-effectiveness point of view. 
Considerable savings can be achieved through new investments after energy production and supply 
systems become obsolete, especially in the district heating sector and combined heat and power. 

The need for increasing energy efficiency and decreasing GHG emissions necessitates the 
establishment of a service chain from energy production to consumption. Increasing energy efficiency, 
continuous and considerable support to research and the development of alternative energy sources are 
critical to the effective curbing of emissions. In addition to this, it is worth mentioning that our energy 
efficiency on a national level is lower than that of other OECD members [78]. Targets previously set 
for biofuels share in the EU have not been reached (2% for 2005 and 5.75% by 2010). Despite these 
failures, in 2007 the EU has raised its target to an ambitious 10% by 2020. After careful analysis of all 
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the impacts and conditions involved, perhaps it would be beneficial to rethink the approach to a 
mandatory 10% share by 2020 [79]. 

Protecting and strengthening carbon sinks is an important and usually cost efficient element of 
prevention strategies. Although carbon capture through photosynthesis by forest biomass has varying 
costs, it is competitive with other measures across the board. Direct and indirect benefits of afforestation 
may offset the associated costs. 

We have outlined the situation in Hungary concerning improving energy efficiency, one of the most 
efficient ways of fighting climate change with regards to both production and consumption. There are 
great losses and inefficiencies, making it possible to achieve considerable savings in a cost effective 
manner by increasing efficiency. Solutions that are win-win based on commercial costs are often not 
implemented because the income level of affected citizens is such that they cannot afford to invest in 
even the most beneficial solutions (bank loans with state guarantee and other such measures can be 
proposed in these cases). Energy efficiency could be improved in the coming decades by 10–30% with 
minimal social costs with the potential being even larger on the long term. 

According to our review the importance of regional co-operation can be highlighted as an essential 
element of Hungary’s energy market and security policy. Increasing regional integration is necessary; 
it can have a positive effect on the security of supply. It strengthens diversity and improves liquidity. 
Furthermore, it helps to develop access to flexible resources, which are important to maintain system 
security at minimal cost. Even though the per-capita energy consumption of Hungary is below the EU 
average, our examinations emphasized the fact that there is still energy efficiency potential in different 
sectors. It is recommended that the progress related to energy efficiency in building stock should be 
among the most important priorities of decision makers. In addition, it is important to establish stable 
and appealing conditions related to energy infrastructure investments. Altogether, the more rigorous 
EU mitigation goal could be advantageous for Hungary, since electricity price increases can be 
compensated by quota revenues coupled with a drop in the energy consumption of household and the 
tertiary sectors [52]. This can have a significant impact on job creation due to building renovations. 

Acknowledgments 

This work is connected to the scientific program of the “Development of quality-oriented and 
harmonized R+D+I strategy and functional model at BME” project. This project is supported by the 
New Széchenyi Plan (Project ID: TÁMOP-4.2.1/B-09/1/KMR-2010-0002). 

References 

1. Houghton, J.; Ding, Y.; Griggs, D.; Noguer, M.; van der Linden, P.; Da, X.; Maskell, K.;  
Johnson, C. Climate Change 2001: The Scientific Basis; Cambridge University Press: Cambridge, 
UK, 2001. 

2. IPCC. Intergovernmental Panel on Climate Change, Fourth Assessment Report; 2007.  
Available online: http://www.ipcc.ch/publications_and_data/ar4/syr/en/main.html (accessed on 
15 November 2011). 

3. IPCC. Intergovernmental Panel on Climate Change, Third Assessment Report; 2001. Available 
online: http://www.grida.no/publications/other/ipcc_tar/ (accessed on 15 November 2011). 



Energies 2012, 5            
 

 

513

4. World Research Institute. Global Climate Trends 2005. Available online: http://earthtrends.wri.org/ 
pdf_library/data_tables/cli5_2005.pdf (accessed on 15 November 2011). 

5. European Commission. Energy Infrastructure Priorities for 2020 and Beyond—A Blueprint for an 
Integrated European Energy Network; European Commission: Brussels, Belgium, November 2010. 

6. Rogelj, J.; Hare, W.; Lowe, J.; van Vuuren, D.P.; Riahi, K.; Matthews, B.; Hanaoka, T.; Jiang, K.; 
Meinshausen, M. Emission pathways consistent with a 2 °C global temperature limit. Nat. Clim. 
Change 2011, 1, 413–418, doi:10.1038/NCLIMATE1258. 

7. Leimbach, M.; Bauer, N.; Baumstark, L.; Edenhofer, O. Mitigation costs in a globalized world: 
Climate policy analysis with REMIND-R. Environ. Model. Assess. 2010, 15, 155–173,  
doi:10.1007/s10666-009-9204-8. 

8. Folster, S.; Nystrom, J. Climate policy to defeat the green paradox. Ambio 2010, 39, 223–235, 
doi:10.1007/s13280-010-0030-7. 

9. Jean-Baptiste, P.; Ducroux, R. Energy policy and climate change. Energy Policy 2003, 31,  
155–166. 

10. Bassi, A.M. Evaluating the use of an integrated approach to support energy and climate policy 
formulation and evaluation. Energies 2010, 3, 1604–1621; doi:10.3390/en3091604. 

11. Springer, K.J. Global what? Control possibilities of CO2 and other greenhouse gases. J. Eng. Gas 
Turbines Power Trans. 1991, 113, 440–448, doi:10.1115/1.2906250. 

12. Haugland, T.; Olsen, O.; Roland, K. Stabilizing CO2 emissions—Are carbon taxes a viable 
option. Energy Policy 1992, 20, 405–419, doi:10.1016/0301-4215(92)90062-7. 

13. Gupta, J.; Ivanova, A. Global energy efficiency governance in the context of climate politics. 
Energy Effic. Spec. Issue 2009, 2, 339–352, doi:10.1007/s12053-008-9036-4. 

14. Bosetti, V.; Carraro, C.; Massetti, E.; Sgobbi, A.; Tavoni, M. Optimal energy investment and 
R&D strategies to stabilize atmospheric greenhouse gas concentrations. Resour. Energy Econ. 
2009, 31, 123–137, doi:10.1016/j.reseneeco.2009.01.001. 

15. Bollen, J.; Hers, S.; van der Zwaan, B. An integrated assessment of climate change, air pollution, 
and energy security policy. Energy Policy 2010, 38, 4021–4030, doi:10.1016/j.enpol.2010.03.026. 

16. Foxon, T.J.; Dodson, J. Climate Change Mitigation Policy: An Overview of Opportunities and 
Challenges; Working Paper, Centre for Climate Change Economics and Policy: Leeds and 
London, UK, 2010; pp. 231–241; doi:10.1007/978-90-481-8716-4_12. 

17. McKillop, A. Climate, energy transition and oil resources. Energy Environ. 2011, 22, 189–206, 
doi:10.1260/0958-305X.22.3.189. 

18. Bessou, C.; Ferchaud, F.; Gabrielle, B.; Mary, B. Biofuels, greenhouse gases and climate change. 
Agron. Sustain. Dev. 2011, 2, 356–468, doi:10.1007/978-94-007-0394-0_20. 

19. Munasinghe, M. Addressing sustainable development and climate change together using 
sustainomics. Wiley Interdiscip. Rev. 2011, 2, 7–18, doi:10.1002/wcc.86. 

20. Streimikiene, D.; Mikalauskiene, A.; Barakauskaite-Jakubauskiene, N. Sustainability assessment 
of policy scenarios. Transf. Bus. Econ. 2011, 10, 168–184. 

21. Blesl, M.; Kober, T.; Bruchof, D.; Kuder, R. Effects of climate and energy policy related 
measures and targets on the future structure of the European energy system in 2020 and beyond. 
Energy Policy 2010, 38, 6278–6292, doi:10.1016/j.enpol.2010.06.018. 



Energies 2012, 5            
 

 

514

22. Soderholm, P.; Hildingsson, R.; Johansson, B.; Khan, J.; Wilhelmsson, F. Governing the 
transition to low-carbon futures: A critical survey of energy scenarios for 2050. Futures 2011, 43, 
1105–1116, doi:10.1016/j.futures.2011.07.009. 

23. Waldhoff, S.T.; Fawcett, A.A. Can developed economies combat dangerous anthropogenic 
climate change without near-term reductions from developing economies? Clim. Change 2011, 
107, 635–541, doi:10.1007/s10584-011-0132-7. 

24. Popp, A.; Dietrich, J.P.; Lotze-Campen, H.; Klein, D.; Bauer, N.; Krause, M.; Beringer, T.; 
Gerten, D.; Edenhofer, O. The economic potential of bioenergy for climate change mitigation 
with special attention given to implications for the land system. Environ. Res. Lett. 2011, 6, 
doi:10.1088/1748-9326/6/3/034017. 

25. Knopf, B.; Edenhofer, O.; Flachsland, C.; Kok, M.T.J.; Lotze-Campen, H.; Luderer, G.; Popp, A.; 
van Vuuren, D.P. Managing the low-carbon transition—from model results to policies. Energy J. 
2010, 31, 223–245. 

26. Cao, X. Climate change and energy development: Implications for developing countries. Resour. 
Policy 2003, 29, 61–67. 

27. Reid, W.V.; Goldemberg, J. Developing countries are combating climate change. Energy Policy 
1998, 26, 233–237, 

28. Patlitzianas, K.D.; Kagiannas, A.G.; Askounis, D.T.; Psarras, J. The policy perspective for RES 
development in the new member states of the EU. Renew. Energy 2005, 30, 477–492, 
doi:10.1016/j.renene.2004.07.012. 

29. Dovi, V.G.; Friedler, F.; Huisingh, D.; Klemeš, J.J. Cleaner energy for sustainable future.  
J. Clean. Prod. 2009, 17, 889–895, doi:10.1016/j.jclepro.2009.02.001. 

30. Tanczos, K.; Torok, A. The linkage between climate change and energy consumption of Hungary 
in the road transportation sector. Transport 2007, 22, 134–138. 

31. Bartholy, J.; Radics, K.; Bohoczky, F. Present state of wind energy utilisation in Hungary:  
Policy, wind climate, and modelling studies. Renew. Sustain. Energy Rev. 2003, 7, 175–186, 
doi:10.1016/S1364-0321(03)00003-0. 

32. Jolankai, M.; Csete, L. Sustainable Agriculture—A Key to Less Pollution. In Proceedings of  
the International Conference on Environmental Pollution, London, UK, 1996; pp. 85–91;  
ISBN 0 9521673 3 6. 

33. Chandler, W.; Kolar, S.; Gheorghe, A.; Sitnicki, S. Climate change and energy-policy in  
Eastern-Europe: 2 scenarios for the future. Energy 1991, 16, 1423–1435, doi:10.1016/0360-
5442(91)90012-B. 

34. Kowalik, P.J.; Scalenghe, R. Water Need of Energy Crops—One of the Environmental Problems 
of Poland. In Environmental Engineering III; Pawlowski, L., Dudzinska, M.R., Pawlowski, A., 
Eds.; CRC Press: Boca Raton, FL, USA, 2010; pp. 473–477, doi:10.1201/b10566-75. 

35. Pettersson, F. Carbon pricing and the diffusion of renewable power generation in  
Eastern Europe: A linear programming approach. Energy Policy 2007, 35, 2412–2425, 
doi:10.1016/j.enpol.2006.08.013. 

36. Von Hirschhausen, C.; Opitz, P. Power Utility Re-Regulation in East European and Cis 
Transformation Countries (1990–1999): An Institutional Interpretation; Harvard Electricity 
Policy Group, Harvard University: Cambridge, MA, USA, 2001. 



Energies 2012, 5            
 

 

515

37. Parkinson, S.; Begg, K.; Bailey, P.; Jackson, T. Accounting for flexibility against uncertain 
baselines: Lessons from case studies in the eastern European energy sector. Clim. Policy 2001, 1, 
55–73, doi:10.3763/cpol.2001.0106. 

38. Farago, T.; Lang, I.; Csete, L. VAHAVA Report: Climate Change and Hungary: Mitigating the 
Hazard and Preparing for the Impacts; VAHAVA: Budapest, Hungary, 2010; p. 124. 

39. Hungarian Ministry for Environment and Water. National Climate Change Strategy 2008–2025; 
2007; p.114. Available online: http://klima.kvvm.hu/documents/14/National_Climate_Change_ 
Strategy_of_Hungary_2008.pdf (accessed on 30 November 2011). 

40. Laukonnen, J.; Blanco, P.K.; Lenhart, J.; Keiner, M.; Carvic, B.; Kinuthia-Njenga, C. Combining 
climate change adaptation and mitigation measures at the local level. Habitat Int. 2009, 33,  
287–292. 

41. Csete, M. The Synergistic Effects of Adaptation to Climate Change on Local, Subregional Level. 
In Proceedings of the Global Conference on Global Warming, Istanbul, Turkey, 6–10 July 2008; 
pp. 1244–1249; ISBN 978-605-89885-0-7. 

42. National Strategy for Sustainable Development, National Development Agency, Ministry of 
Environment and Water, 2007; p. 63. Available online: http://www.nfft.hu/dynamic/national_ 
sustainable_development_strategy.pdf (accessed on 30 November 2011). 

43. Csete, M.; Szendro, G. Implementation of Local Sustainability with Regard to Climate Change—
Hungarian Case Study. In Proceedings of the 17th International Sustainable Development 
Research Conference, New York, USA, 8–10 May 2011; pp. 83–85. 

44. Energy Policies of IEA Countries—Hungary, 2011; p. 146, ISBN: 978-92-64-09820-6. 
45. The European Environment—State and Outlook. 2010: Synthesis State of the Environment 

Report No 1/2010 EEA; European Environment Agency: Copenhagen, Denmark, 29 November 
2010. 

46. National Energy Strategy 2030, Hungary; Ministry of National Development, Hungarian 
Government: Budapest, Hungary, 2011; p. 132 (in Hungarian). 

47. European Commission. Energy Infrastructure Priorities for 2020 and Beyond—A Blueprint for an 
Integrated European Energy Network; European Commission: Brussels, Belgium, 2010.  

48. Kats, G.H. Energy options for Hungary a model for Eastern Europe. Energy Policy 1991, 19, 
855–868. 

49. Lang, I.; Harnos, Z.S.; Csete, L.; Kralovanszky, U.P.; Tokes, O. A Biomassza Hasznosításának 
Lehetőségei (Opportunities in Biomass Utilization), 1st ed.; Mezőgazdasági Kiadó: Budapest, 
Hungary, 1985. 

50. United Nations Framework Convention on Climate Change (UNFCCC). Report of the Centralized 
in-Depth Review of the Fourth National Communication of Hungary; UNFCCC: Budapest, 
Hungary, 2006. 

51. United Nations Framework Convention on Climate Change (UNFCCC). Summary of GHG 
Emissions for Hungary; 2008. Available online: http://unfccc.int/files/ghg_emissions_data/ 
application/pdf/hun_ghg_profile.pdf (accessed on 30 November 2011). 

52. Hungarian GHG Inventory. In Impact Assessment of Increasing the 20% Greenhouse Gas 
Reduction Target of the EU for Hungary; Executive Summary; Regional Centre for Energy Policy 
Research, Hungary, 2011. 



Energies 2012, 5            
 

 

516

53. Fur, A.; Csete, M. Modeling methodologies of synergic effects related to climate change and 
sustainable energy management. Period Polytech. Soc. Manag. Sci. 2010, 18, 11–19. 

54. Szendro, G. Congestion charging in Budapest—A comparison with existing systems. Transp. 
Eng. Period Polytech. 2012, in press. 

55. Szendro, G. Sustainable biofuels in Hungary and Europe—Self-defeating incentives? 
Gazdálkodás Sci. J. Agric. Econ. 2010, 54, 71–78. 

56. Gyulai, I. A Biomassza-Dilemma (The Biomass Dilemma); Magyar Természetvédők Szövetsége: 
Budapest, Hungary, 2006; pp. 41–43, ISBN-10: 963-86870-8-8. 

57. Bai, A.; Lakner, Z.; Marosvölgyi B.; Nábrádi, A. A Biomassza Felhasználása (Utilization of 
Biomass); Szaktudás Kiadóház: Budapest, Hungary, 2002; p. 140; ISBN: 963 9422 460. 

58. NEGAJOULE2020: Energy Efficiency Potential of Hungarian Residential Buildings; Energiaklub 
Climate Policy Institute and Applied Communications: Budapest, Hungary, 2011. 

59. Novikova, A.; Ürge-Vorsatz, D. Carbon Dioxide Mitigation Potential in the Hungarian Residential 
Sector; Report on Behalf of the Ministry of Environment and Water of the Republic of Hungary; 
CEU-3CSEP: Budapest, Hungary, 2007. Available online: http://3csep.ceu.hu/sites/Default/ 
files/field_attachment/project/node-2059/reporthungarianresidentialco2mitigationpotential.pdf 
(accessed on 15 November 2011). 

60. Stróbl, A. Energiastratégia Gondolatok a Nemzeti Energiastratégiáról (Reflections about the 
National Energy Strategy). Energiagazdálkodás 2011, 52, 11–15. 

61. Glatz, F. Új vidékpolitika (New Rural Development Policy), 1st ed.; MTA Társadalomkutató 
Központ: Budapest, Hungary, 2008; p. 270. 

62. Csete, M. A Fenntarthatóság Kistérségi Vizsgálata (The Micro-Regional Analysis of 
Sustainability). Ph.D. Dissertation, Budapest University of Technology and Economics, Budapest, 
Hungary, 2008; p. 165. 

63. Csete, L.; Lang, I. A Vidék Fenntartható Fejlődése. A Vidék Fenntarthatósága—Hétköznapi 
Megítélésben (Sustainable Development of the Countryside. Rural Sustainability—From an 
Everyday Perspective); MTA Történettudományi Intézet—MTA Társadalomkutató Központ: 
Budapest, Hungary, 2009; p. 312. 

64. Lang, I.; Csete, L.; Harnos, Z.S. A Magyar Mezőgazdaság Agroökológiai Potenciálja az 
Ezredfordulón (The Agroecological Potential of the Hungarian Agriculture), 1st ed.; 
Mezőgazdasági Kiadó: Budapest, Hungary, 1983; p. 265. 

65. National Rural Strategy 2020; Ministry of National Development: Budapest, Hungary, 2011  
(in Hungarian). 

66. Szlavik, J.; Csete, M. Sustainable countryside and competitiveness. Gazdálkodás Sci. J. Agric. 
Econ. 2005, 49, 19–27. 

67. Branner, F.; Csete, M. Evaluation of the Sustainability of Settlements. Period Polytech. Soc. 
Manag. Sci. 2005, 13, 215–225. 

68. Neass, L.O.; Norland, I.T.; Lafferty, W.M.; Aall, C. Data and processes linking vulnerability 
assessment to adaptation decision-making on climate change in Norway. Glob. Environ. Change 
2006, 16, 221–233. 



Energies 2012, 5            
 

 

517

69. Sipkay, C.S.; Kiss, K.T.; Vadadi-Fulop, C.S.; Hufnagel, L. Trends in research on the possible 
effects of climate change concerning aquatic ecosystems with special emphasis on the modelling 
approach. Appl. Ecol. Environ. Res. 2009, 7, 171–198. 

70. Dregelyi-Kiss, A.; Dregelyi-Kiss, G.; Hufnagel, L. Ecosystems as climate controllers—Biotic 
feedbacks (a review). Appl. Ecol. Environ. Res. 2008, 6, 111–135. 

71. Csete, M.; Torok, A. The optimisation of the investments aimed toward the reduction of the 
emissions of settlements, and subregions. Period Polytech. Soc. Manag. Sci. 2009, 17, 41–45. 

72. Pálvölgyi, T.; Kukely, Gy.; Mészáros, G.; Szabó, É.E.; és Dönsz-Kovács, T. Környezetiértékelés 
a Nemzeti Energiastratégia 2030-ig, kitekintéssel 2050-re c. dokumentum Stratégiai Környezeti 
Vizsgálatához (Strategic Environmental Assessment of the National Energy Strategy). Env-in-
Cent Kft.: Budapest, Hungary, 2011; p. 136. 

73. Creyts, Y.; Derkach, A.;Nyquist, S.; Ostrowski, K.; Stephenson, J. U.S. Greenhouse Gas 
Abatement Mapping Initiative; McKinsey & Company: Washington, DC, USA, 2007. 

74. Stern, N. The economics of climate change. Am. Econ. Rev. 2008, 98, 1–37. 
75. Ürge-Vorsatz, D.; Füle, M. Economics of Greenhouse Gas Limitations. Hungary Country Study; 

UNEP Collaborating Centre on Energy and Environment and Riso National Laboratory: 
Denmark, 1999. 

76. Csutora, M.; Zsóka, Á. Maximizing the efficiency of greenhouse gas related consumer policy.  
J. Consum. Policy 2011, 34, 67–90, doi:10.1007/s10603-010-9147-0. 

77. Bierbaum, R.M.; Holdren, J.P.; McCracken, M.C.; Moss, R.H.; Raven, P.H. Scientific Expert 
Group on Climate Change (SEG). Confronting Climate Change: Avoiding the Unmanageable and 
Managing the Unavoidable. Report prepared for United Nations Commission on Sustainable 
Development. Sigma Xi, Research Triangle Park, NC, and the United Nations Foundation, 
Washington, DC, USA, 2007; p. 144. 

78. Reczey, G.; Bai, A. Background to the production and use of bioethanol as a fuel in Hungary. 
Gazdálkodás 2006, 50, 10–15. 

79. Szendro, G. Sustainable biofuels in Hungary and Europe—Self-defeating incentives? 
Gazdálkodás Sci. J. Agric. Econ. 2010, 54, 71–78. 

© 2012 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.org/licenses/by/3.0/). 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


