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[bookmark: _Toc326852403]Abstract
The building sector utilised for residential, commercial and public purposes is responsible for a significant proportion of the total energy demand in a country. Besides energy necessary for the construction and demolition, operating energy for heating, cooling, ventilation, hot water, powering appliances and lightning is responsible for the largest part of the energy demand in buildings. It is therefore essential to achieve a sustainable development in the use phase of a building by both, an overall reduction in energy consumption through energy efficiency and the use of renewable energy carriers for energy technologies. 
Focussing on residential buildings, first an analysis of the energy efficiency of buildings as well as currently used energy technologies in Austria and the Czech Republic is made. Second, the impact factors are identified respectively, attracting on economic factors like investment and operational costs, subsidies and taxes. Additionally other important aspects such as socio-economic factors, information sources and system-related factors are identified having a considerably impact on households’ decision making. Finally, the characteristics and impact factors of the development pathways in Austria and the Czech Republic are compared with each other. The results show the main characteristics, impact factors and differences of both, the energy efficiency of buildings and the application of energy technologies in two European countries. 
Based on this analysis, the effectiveness and impact of different policy measures can be evaluated and assessed. It is derived that the GDP, the subsidy scheme as well as the social network are playing a crucial role inducing different development path in Austria and the Czech Republic.
[bookmark: _Toc326852404]Introduction
The building sector utilised for residential, commercial and public purposes is responsible for a significant proportion of the total energy demand in a country. Besides energy necessary for the construction and demolition of buildings, operating energy for heating, cooling, ventilation, hot water, powering appliances and lightning is responsible for the largest part of the energy demand in buildings (Ramesh et al., 2010; Satori & Hestnes, 2007). It is therefore essential to achieve a sustainable development in the use phase of a building. An overall reduction in energy consumption is achieved by both, an overall reduction in energy consumption through energy efficiency and the use of renewable energy carriers for energy technologies.

In the following figures the development of the final energy use in Austria and the Czech Republic is shown by sectors. In both countries it can be seen that there is an enormous potential for energy savings in private households. In Figure 1 the development of the final energy use in Austria from 1970 till 2010 is illustrated, showing that the energy use has almost doubled since 1970. However, it can be seen that private households have a considerably share of the total energy use in Austria. In 2010 private households consume approximately 25% of the total final energy (Statistics Austria, 2010). In the Czech Republic the reduction of the final energy consumption, which occurred in the past three years, stopped. In 2010 the energy consumption increased by 8,2% explained by the economic recovery and the production growth in the economy. In 2009 the industrial sector has the highest energy consumption with 33,2% followed by transport with 27,4% and private households with 25,2%. Both figures show that private households in Austria and the Czech Republic represent a significant potential for energy savings.


[bookmark: _Ref322251978][bookmark: _Toc326852120]Figure 1: Development of final energy use by sector in Austria 1970 – 2010
(Statistics Austria, 2010)


[bookmark: _Toc326852121]Figure 2: Development of final energy use by sector in the Czech Republic 1999 – 2009
 (ISSaR, 2011)

[bookmark: _Toc227571149][bookmark: _Toc326852405]After describing the applied approach in the following chapter 3, chapter 4 illustrates the main characteristics of the residential building sector in Austria and the Czech Republic. In chapter 5 the focus is set on the most important impact factors influencing the development of the residential building sector in a country and especially households’ decision-making for specific heating systems. Finally, the characteristics of the building sector in Austria and the Czech Republic are compared with each other in chapter 6. Based on this, the decisive impact factors responsible for different development path can be identified. 
Approach 
[bookmark: _Toc227571150]Focussing on residential buildings, first an analysis of the energy efficiency of buildings as well as currently used energy technologies in Austria and the Czech Republic is made. Second, the impact factors are identified respectively, attracting on economic factors like investment and operational costs, subsidies and taxes. Additionally other important aspects such as socio-economic factors, information sources and system-related factors are identified having a considerably impact on households’ decision making. Finally, the characteristics and impact factors of the development pathways in Austria and the Czech Republic are compared with each other. The results show the main characteristics, impact factors and differences of both, the energy efficiency of buildings and the application of energy technologies in two European countries. Based on this analysis, the effectiveness and impact of different policy measures can be evaluated and assessed.
[bookmark: _Toc326852406]Characteristics of the residential building sector in Austria and the Czech Republic
In the following the characteristics of the residential building sector in Austria and the Czech Republic is described. After illustrating the residential building and dwelling stock in both European countries, the construction period of dwellings is shown. Additionally, the most important statistics of heating systems and their energy carriers are described respectively. Finally, the total energy demand for the residential sector in both countries is illustrated.
[bookmark: _Toc326852407]The residential building sector in Austria
The Austrian building stock illustrated in Figure 3 is continually increasing from 1,28 million buildings in 1971 to 2,05 million buildings in 2001. Besides 2,05 million buildings in 2001, 3,86 million dwellings have been counted in Austria used for residential purposes. About 0,28 million buildings and 0,11 million dwellings are counted in the category non-residential buildings. It is remarkable that 76% of all Austrian buildings belong to the category “1 or 2 dwellings”. Only 14% of the total building stock belongs to the category “non-residential buildings” (Statistics Austria, 2007).


[bookmark: _Ref322262428][bookmark: _Toc326852122]Figure 3: Residential and non-residential buildings and dwellings in AT 1971 - 2001 
(Statistics Austria, 2007)

In Figure 4 the construction period of the Austrian dwelling stock is shown. It can be seen that dwellings constructed before 1980 decrease significantly since 1985. In 1985 about 91% of the total dwelling stock was constructed before 1980, compared to solely 66% in 2010 (Statistics Austria, 2012). However, 66% of the Austrian dwelling stock is still constructed before 1980, having a high energy demand. Buildings constructed after 1980 are far more energy effiencient. Thus, the future potential for overall energy savings and energy efficiencies lies in the refurbishment of the current, not refurbished building stock  (Müller et al. 2010).


[bookmark: _Ref322261581][bookmark: _Toc326852123]Figure 4: Construction period of the dwelling stock in AT (main residences) 1985 – 2010 
(Statistics Austria, 2012)

Considering the used energy technologies for space heating and domestic hot water in the Austrian dwelling stock, central heating systems represent 64% in 2010 and are by far the mostly used heating systems (Figure 5). Since 2003 central heating systems are slightly increasing. District heating systems are on the second position and are continually increasing since 2003. In 2010 district heating systems have a share of 23% of the total heating system installations. Individual stoves, electric heating and gas convectors are energy technologies slightly decreasing between 2003 and 2010. In sum these energy technologies have a share of only 14% (Statistics Austria, 2011).

The energy resources used for heating purposes is shown in Figure 6. The dominating energy carriers are still fossil fuels, although the share is decreasing. In 2004 a share of 62% of the total heating systems use coal, lignite, oil, gas or electricity as energy carriers. In 2010 this share decreases to 55%. Figure 6 illustrates that the share of heating systems using renewable energy carriers or district heat is increasing from 38% in 2004 to 45% in 2010 (Statistics Austria, 2011).

Focussing on the energy consumption in Austrian households, Figure 7 illustrates that in average 71% of the total energy consumption is used for space heating, 13% for domestic hot water and 3% for cooking. In the year 2010 this corresponds to 196.767 TJ for space heating, 33.032 TJ for domestic hot water and 7.406 TJ for cooking. The remaining 37.371 TJ are used for other purposes. Between 2003 and 2010 the total energy consumption in the household sector increased slightly with 2%.


[bookmark: _Ref322285358][bookmark: _Toc326852124]Figure 5: Heating systems of dwellings in AT (main residences) 2003 - 2010 
(Statistics Austria, 2011)
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[bookmark: _Ref322286300][bookmark: _Toc326852125]Figure 6: Energy carriers used in dwellings in AT (main residences) 2003 – 2010*[footnoteRef:1] 
(Statistics Austria, 2011) [1:  Heating systems with unknown energy carriers are assigned to district heating.] 



[bookmark: _Ref322287621][bookmark: _Toc326852126]Figure 7: Energy consumption for space heating, domestic hot water and cooking 
in AT 2003 - 2010 (Statistics Austria, 2010)
[bookmark: _Toc326852408]The residential building sector in the Czech Republic
In the Czech Republic the number of dwellings is increasing since 1961 as can be seen in Figure 8. The number of dwellings is increasing, however the growth rate decreases. In Figure 9 the proportion of the number of dwelling units in buildings in 2001 is shown (Statistics CSU, 2004).



[bookmark: _Ref324679459][bookmark: _Ref324679453][bookmark: _Toc326852127]Figure 8: Dwellings in CZ 1961 - 2011 (Statistics CSU, 2012)


[bookmark: _Ref324683334][bookmark: _Toc326852128]Figure 9: Dwelling size in CZ 2001 (Statistics CSU, 2004)

In Figure 10 the construction period of the dwelling stock in the Czech Republic in 2011 is demonstrated. It can be seen that the share of new constructed dwellings (1991-2001) is low. However, a significant reconstruction of dwellings on the one hand and the refurbishment of old dwellings on the other are reflected in the age structure. The average age of the dwelling stock is about 47 years, while buildings with 1 dwelling are on average 2.5 years older than buildings with 2 or more dwellings. New constructed or refurbished dwellings represent solely 10% of the whole dwelling stock. This situation is improving in previous decades. Dwellings built or refurbished between 1961 and 1991 constitute almost 43% (average of 14% per decade) of the total dwelling stock. Almost every sixth dwelling is older than 80 years and more than 8% of the dwellings are even older than 100 years (Statistics CSU, 2004).


[bookmark: _Ref324680085][bookmark: _Toc326852129]Figure 10: Construction period of dwelling stock in CZ 2001 
(Statistics CSU, 2004)

Figure 11 shows the share of individual types of heating systems and their development between 1961 and 2011. The figure illustrates that central and local heating systems sharply increased since 1961, while the number of stoves sharply decreased (Statistics CSU, 2012).

In Figure 12 the development of energy carriers used for heating systems in the Czech Republic is shown for the years 2001 and 2011. It can be seen that the energy carrier of natural gas, electricity and wood increased since 2001, while coal and district heating decreased. However, district heating is still very frequent using waste heat from power plants for transmission of heat is used steam (Statistics CSU, 2012).

In Figure 13 the purpose of energy consumption in the building sector of the Czech Republic is illustrated. Between 1996 and 2003 the energy consumed for space heating decreased from 73,45 PJ to 59,40 PJ. Also the energy consumed for domestic hot water declined from 11,43 PJ to 8,4 PJ (Statistics CSU, 2005). 


[bookmark: _Ref324681992][bookmark: _Toc326852130]Figure 11: Heating systems of dwellings in CZ 1961 – 2011 (Statistics CSU, 2012)



[bookmark: _Ref324682969][bookmark: _Toc326852131]Figure 12: Energy carriers used in dwellings in CZ 2001 and 2011 
(Statistics CSU, 2012)




[bookmark: _Ref324683010][bookmark: _Toc326852132]Figure 13: Energy consumption for space heating, domestic hot water and cooking in CZ 1996 and 2003 (Statistics CSU, 2005)

[bookmark: _Toc326852409]Impact factors of the residential building sector in Austria and the Czech Republic
In the following the focus is set on the most important impact factors influencing the development of the residential building sector in a country and especially households’ decision-making for specific heating systems. After describing the legal framework in Austria and the Czech Republic having an essential impact on the quality of the building stock, we attract on economic factors influencing the market development of heating systems in both countries. Concerning the fact that households’ decision-making for heating systems is not solely affected by economic factors, an attempt is made to identify additional factors having a considerably influence on these decisions.  
[bookmark: _Toc326852410]Legal framework in Austria and the Czech Republic
The EU Directive of the Energy Performance of Buildings 2002/91/EG (EPBD) is the main legislative instrument affecting energy use and efficiency in the building sector, hence the quality of the Austrian and Czech building stock. The directive tackles both, new and refurbished buildings by requesting the implementation of energy certificates for these buildings (EU, 2002). 

Austria implemented this directive in 2008 by enacting the “Energieausweis-Vorlage-Gesetz (EAV-G)”, which means that for all new and refurbished buildings an energy certificate is required. Since 2009 this is obligatory also for existing buildings (Mach & Heimrath, 2010). The main motivation behind this directive is not only a considerably reduction of the energy demand of buildings but also a harmonized standard for the calculation and evaluation of the energy demand of buildings in the European Union (Streicher, 2012). Since 2010 a new EU Directive of the Energy Performance of Buildings 2010/31/EU (EPBD) exists. This directive is proscribing that for all new buildings the possible use of renewable energies have to be evaluated and have to be built as nearly zero energy buildings by 2020 (EU, 2010). 

Besides these directives, each federal state in Austria has its own building code, however referring on the harmonized Directive of Energy Saving and Thermal Insulation. It is part of the Construction Products Directive (CPD) worked out by the Austrian Institute of Construction Engineering (OIB). In 2008 all federal states in Austria agreed to implement this directive which defines both, upper limits for U-values of structural elements in buildings (f. e. walls, roofs, doors, windows, etc.) as well as upper limits for the heating energy demand (kWh/m²a) (OIB, 2007). The following figure demonstrates the development of the U-value requirements of several structural elements in buildings including the anticipated passive house standard in 2020 (TZB, 2010).

[image: ]
[bookmark: _Toc326852133]Figure 14: Development of standardised thermal transmittance values (Standardized value CSN 730540) (TZB, 2010)
[bookmark: _Toc326852411]Economic impact factors in Austria
In order to compile the impact of economic factors on households’ decisions concerning the choice of their heating system, the representation of both, the respective Austrian market development of heating systems and the causes for these developments is considered to be a suitable instrument. In this part, first the market development of heating systems based on renewable energy are described and illustrated between 2001 and 2010, followed by a description of heating systems based of fossil fuels by focussing rather on the potential of future developments.

In the following figure the market development of heating systems based on renewable energy is illustrated. The first category of biomass boilers includes all boilers with an installed capacity less or equal than 100 kW using pellets, wood logs and wood chips as energy carriers. The figure illustrates the number of biomass boilers annually sold in Austria between 2001 and 2010. Also included in this category, but shown separately in the figure, are individual biomass stoves using pellets and wood logs as energy carriers. The number of annually sold stoves in Austria is in this case solely available from 2008 to 2010. Additionally, in Figure 15 the amount of area of solar thermal collectors annually installed as well as the number of heat pumps annually sold in Austria between 2001 and 2010 is shown (Biermayer et al., 2011).


[bookmark: _Ref322784165][bookmark: _Ref322784156][bookmark: _Toc326852134]Figure 15: Market development of heating systems based on renewable energy 
in Austria 2001 – 2010 (Biermayer et al., 2011)

Biomass boilers with an installed capacity less or smaller than 100 kW are typically applied as central heating systems in single or multiple family houses as well as office or commercial buildings. The annual sales of these biomass boilers are continuously increasing in the period 2001 to 2006. However, the development shows an enormous decrease of 60% in 2007 as can be seen in Figure 15. This is mainly explained by both, a decrease in the growth rate of the oil price and an enormous increase of the pellets price. The development of the oil and pellets price between 2000 and 2010 is illustrated in Figure 16. The background for the significant change of the pellets price is a temporary shortage of pellets due to a strongly growing demand and the limited production capacities for this energy carrier. In 2008 annual sales of biomass boilers rose again to an even higher number compared to 2006, however since then a decrease could be observed till 2010. The main causes for this reduction are on the one hand the delayed impact of the financial crises and on the other hand the decrease of the maximum amount of subsidies in two decisive Austrian federal states (Biermayer et al., 2011).

The development of annual sales of solar thermal collectors is also illustrated in Figure 15. Between 2001 and 2009 the annual installation of solar thermal collectors is constantly and slightly increasing. This fact is mainly explained by both, an increase in energy prices especially the oil price as can be seen again in Figure 16, and new fields of application like systems for hot water combined with space heating at the same time expanding the use recently solely for single family houses to multifamily houses and the tourism sector. From 2009 to 2010 the annual sales of thermal collectors decreased by 21%. On the one hand this is caused due to the delayed impact of the financial crises as well as the sharply fall in the investment costs of photovoltaic cells (Biermayer et al., 2011).


[bookmark: _Ref322787631][bookmark: _Toc326852135]Figure 16: Development of oil price and pellets price in Austria 2000 - 2010 
(Austrian Energy Agency, 2012; proPellets Austria, 2012)

Heat pumps are versatile applicable for space heating, domestic hot water as well as ventilation purposes in several different capacity categories. Heat pumps show a remarkably development of annual sales having an enormous increase between 2001 and 2008, however show a decrease of 3,1% between 2008 and 2010. The main reasons for the constant increase are the favourable framework conditions in energy efficient buildings recording low heating requirements, the further development of the technology and developed quality mechanisms for installation. The slightly decrease of 3,1% is explained through multiple factors. First, the financial crisis has an impact on the construction rate of new buildings consequently affecting annual sales of heat pumps predominantly applied in new buildings. Second, restrictive credit conditions for private investors induce the same effect just described. Finally, a high subsidy for oil boilers from the Austrian oil industry since 2009 considerably affects the market development of heat pumps (Biermayer et al., 2011). 

After describing the market development of all heating systems using renewable energy sources, in this part the focus is set on heating systems based on fossil fuels. Currently and in future, the importance of heating systems based on coal resources (hard coal, coal briquettes, lignite briquettes, etc.) is rather low in Austria. It is expected that the coal price will increase in terms of national taxes. Due to the fact that the combustion process of coal induces high CO2-emissions a future CO2-tax is likely to be implemented. Additionally, no national subsidies for coal boilers are expected, leading to the conclusion that the use of coal boilers is a discontinued model in an observation period till 2050 (Müller et al., 2010).

Until the 1970s the oil boiler is representing the standard heating system applied in the residential sector. Only through an enormous increase in the oil price new heating technologies entered the market. The oil price is one of the crucial impact factors for the market development of oil boilers, which in the long run is expected to increase due to the scarcity of oil resources. A second crucial impact factor besides the oil price constitutes the national subsidy scheme. As already mentioned above, oil boilers are strongly supported from the Austrian oil industry since 2009. With the current subsidy amount it is possible to annually support 7.500 boilers (Müller et al., 2010). This fact increases the use of oil boilers mainly at the expense of heat pumps and biomass boilers (Biermayer et al., 2011).

Compared to coal and oil boilers no effective restraints are expected regarding the future development of heating systems based on natural gas. Gas boilers are available in several different capacity categories to be applied not only in old, not refurbished buildings, but also in buildings having a nearly zero energy standard. Besides the wide range of application, low exhaust gas values, the combined supply of space heating and domestic hot water, and the relatively low investment costs constitute a strategic advantage for gas boilers. Nevertheless, the future development is again especially dependent on future gas prices (Müller et al., 2010).

By reflecting the market development of different heating systems and their respective reasons it becomes clear that economic impact factors play a crucial role in the past and in the future development of respective heating systems. Besides investment costs, the fuel prices of renewable and fossil fuels play a remarkable role. Investment and operational costs are additionally dependent on the subsidy regimes in a country as well as national taxes, in the meantime reflecting the main interests of a country. 
[bookmark: _Toc326852412]Economic impact factors in the Czech Republic
In the Czech Republic the most important aspects influencing the development of heating systems are economic factors. The first is the subsidy and tax policy of the state, the second is the development of fuel prices and the third are the investment costs of each technology. In the next table an overview of the Czech tax policy with taxes influencing household’s energy consumption patterns is illustrated. The development is characterised by a gradual introduction of energy taxes. This leads in the first place to more pressure on newly constructed buildings with higher energy efficiencies. Another phenomenon is the increasing consumption of cheaper sources in households such as coal, wood or even the incineration of waste, which in some regions significantly deteriorates the air quality.

Table 1: Energy taxes in the Czech Republic (Energostat, 2012)
	Energy taxes in Czech republic

	Tax
	
	Rate
	Taxpayer / payer (****)
	Year of introduction
	Validity

	Emission fees (/)
	Solid pollutants = 3,000 CZK / t

SO2 = 1 000 CZK / t

NOx = 800 CZK / t

VOC = 2 000 CZK / t
	Energy companies and heating plants
	1991
	unlimited

	"Green taxes"
	tax on natural gas
	30,60 Kč/MWh (x)
	The final consumer / supplier
	2007
	unlimited

	
	tax on fossil fuels (ie coal)
	8,50 Kč/GJ
	
	
	

	
	tax on electricity
	28,30 Kč/MWh
	
	
	

	"Allowance tax"
(gift tax on CO2 allowances)
	32 % (xx)
	Energy companies and heating plants (*)
	2010
	2011-2012

	"Solar tax" (**)
	26 % / 28 %  (***)
	Manufacturers of power. of PVP / transmission or distribution system
	2010
	2011-2013

	"Carbon taxes" (+)
	Taxation of energy content of fuel
	0,15 - 8,9 € /GJ (+++)
	households, businesses (+ + + +)
	2013
	unlimited

	
	Taxation of CO2 (+ +)
	15 €/t CO2
	
	2014
	



Legend:
(/) ... currently preparing a comprehensive amendment to the Clean Air Act; change will also affect the amount of emission charges and the shallowness of their time, more information in a special issue, dedicated to this issue
(x) ... tax rate actually ranges from 0 - 264.80 CZK / MWh by use of gas, the tax base is the amount of gas in MWh heat of combustion, this rate 30.60 / MWh, for example, relates to gas for heating
(xx) ... the price of emission allowances
(*) ... Act (Amendment z.č.180/2005 arranged from 2010) misleading gift tax allowances to specify payer / payers of this " allowances taxes" from other schemes shows that they are all operator, emitting greenhouse gases (ie all companies covered by the Act No. 695/2004 on conditions for trading in greenhouse gas emissions)
(**) ... The official name: "removal of electricity from solar radiation" 
Another important element is the development of construction standards currently under European legislation.
(***) ... Rate refers to the amount the producer receives for electricity produced from PVP, 26% rate applies in the case of payment by means of the purchase price, the rate of 28% for payment by means of green bonus;
(****) ... taxpayer actually pays tax to the payer provides payment of the tax state
(+) ... Still in draft stage, the Government of the CR (April 10, 2012) is based on Directive 2003/96/EC; folder "carbon tax" taxation of the energy content of fuel does not yet have the name of the Czech equivalent
(+ +) ... Governments in a statement defined in this part of the Republic "carbon tax" as the emission component of the excise duty on heating oil, solid fuel taxes and taxes on natural gas and other gases
(+ + +) ... Vary depending on the energy content of fuel
(+ + + +) Component ... CO2 tax will not apply to entities with the obligation to purchase emission allowances

In the Czech Republic no coherent state policy of subsidies exists. It is currently appearing in short-term grant programs at the regional or municipal level, but no significant effect on the situation in the Czech Republic is raised. 

The share of the total thermal energy production from renewable energy sources is around 8%. This proportion is based on an estimation from the total gross production of thermal energy of about 700 PJ in 2007. It is assumed that the total heat production in recent years is roughly the same (including households and industry). The total estimated amount of thermal energy from renewable sources does not yet include biomass used in small non-household sources and biomass consumed for heating of the individual recreation of the population (MPO, 2011).

It can be seen that economic factors are the most important factors influencing households’ choice for a specific heating system or the decision to change to an alternative heating technology. It is obvious that an increase in fuel prices of conventional energy carriers lead to the incentive to improve building insulations and to change the heating system. It is assumed that the trend moves toward renewable energy carriers, especially wood and pellets. Furthermore, the segment is likely to develop with heat pumps.
[bookmark: _Toc326852413]Other important impact factors of the residential building sector
As already illustrated above, economic impact factors like investment and operational costs play a leading role in terms of households’ decision for a specific heating system. However, households’ decisions are not solely influenced by economic factors. There are several empirical studies focussing on different factors having an impact on households’ decision of heating systems. Besides economic factors, Vinterbäck (2000) included technical and environmental factors as well as the degree of comfort. Sopha et al. (2010) focused on socio-demografic factors, the communication among households, heating system attributes and the applied decision strategy. Sopha et al. (undated) emphasized the importance of the social network structure influencing the diffusion of heating systems. 

Mahapatra & Gustavsson (2008) carried out a study analysing the factors that influence the adoption of innovative heating systems by Swedish households. The systems studied were district heating, heat pumps and pellet boilers and the focus was set on Swedish households currently using resistance heaters. The results show that the age of homeowners is an influencing factor as older homeowners are less likely to install a new heating system. A second socio-economic factor is the income of households. The proportion of households planning to install a new heating system rises as the income of households increases. A crucial factor affecting households’ choice for a new heating system is the source of information. Households planning to install a new heating system gather information from the mass media (f. e. television, newspapers, Internet, etc.), interpersonal sources (f. e. neighbours, relatives, friends, etc.) and agents like energy agencies, local energy offices, magazines and installers. Finally, the study included ten system-related factors: 
· annual cost, investment cost and market value of the home (economic)
· functional reliability (technical)
· indoor quality and system automation (degree of comfort)
· environmental benignity, greenhouse gas emission and security of fuel supply (environmental and supply security)
· time required for the collection of information (information provision)

Statistical analysis show that in general factors such as annual costs, investment costs, functional reliability and indoor air quality are of greater importance than factors such as system automation, environmental benignity, greenhouse gas emission and market value of the home. It was found that the time required to collect information is the least important factor. The results of the study show that socio-economic factors, information sources and system-related factors are of high importance regarding household’s decision for an innovative heating system. However, the importance of all these factors varies between households with different existing heating systems (Mahapatra & Gustavsson, 2008).
[bookmark: _Toc326852414]Comparison of Austria and the Czech Republic
Here, the characteristics of the building sector in Austria and the Czech Republic are compared with each other. For this, the dwelling stock and dwelling size, the construction period of the dwelling stock and the energy carriers for heating systems are illustrated in figures for Austria and the Czech Republic. Based on this, the decisive impact factors responsible for different development path can be identified and assessed in their effectiveness respectively.

In Figure 17 the dwelling stock in Austria and the Czech Republic in 2001 is compared with each other. In 2001 the total dwelling stock in Austria with around 3,86 million dwellings is comparable with the dwelling stock in the Czech Republic with 3,83 million dwellings. However, it can be seen that in the Czech Republic even more dwellings belong to the category “1 or 2 dwellings” having a higher energy demand than buildings with 3 and more dwellings (Statistics Austria, 2007; Statistics CSU, 2004; Statistics CSU, 2011).

In Figure 18 the construction period of the dwelling stock in Austria in 2000 is compared with the dwelling stock in the Czech Republic in 2001. It is illustrated that in Austria 27,8% of the dwellings are constructed before 1944 whereby in the Czech Republic this category reaches 25,6 %. In Austria 13,7% of the dwellings are constructed between 1991 and 2001, in the Czech Republic 9,2% are constructed in this period. Due to the fact that there are more dwellings in Austria constructed before 1945, the potential for future energy savings is even higher than in the Czech Republic (Statistics Austria, 2012; Statistics CSU, 2004).

[bookmark: _Ref326428284][bookmark: _Toc326852136]Figure 17: Dwelling stock and dwelling size in AT and CZ in 2001 
(Statistics Austria, 2007; Statistics CSU, 2004; Statistics CSU, 2011)

	
	


[bookmark: _Ref326432052][bookmark: _Toc326852137]Figure 18: Construction period of dwelling stock in AT in 2000 and CZ in 2001 
(Statistics Austria, 2012; Statistics CSU, 2004)
 
Since the statistics for heating systems in Austria and the Czech Republic differ in their classification of categories, heating systems can not be compared directly. However, in the next figure the energy carriers in both European countries are compared with each other in terms of renewable and fossil energy carriers as well as district heating.


[bookmark: _Ref326433383][bookmark: _Toc326852138]Figure 19: Energy carriers of heating systems in AT in 2009/2010 and CZ in 2011 
(Statistics Austria, 2011; Statistics CSU, 2012)

In Figure 19 the energy carriers in both countries are compared with each other. In Austria 22% of the heating systems are applied with renewable energy carriers, compared to solely 8% in the Czech Republic. In both countries fossil fuels are still representing the largest part with 55% in Austria and 57,3% in the Czech Republic. The share of district heating is higher in the Czech Republic than in Austria. It is not defined if district heating inserts renewable or fossil energy carriers. However, it is assumed that in Austria more renewable energy carriers are used than in the Czech Republic (Statistics Austria, 2011; Statistics CSU, 2012).

The GDP of a country is assumed to be an impact factor for the different development path according to both, the energy efficiency in the building stock and applied heating systems. In Figure 20 the GDP in both countries is illustrated and characterised by an upward trend between 1970 and 2010. However, the GDP in Austria is significantly higher than in the Czech Republic. It is derived that investments in the energy efficiency of buildings by refurbishments of old buildings is dependent on the GDP level. This is true also for the installation of alternative heating systems leading to higher investment costs for households. As mentioned above, the proportion of households planning to install a new heating system rises as the income of households increases (Mahapatra & Gustavsson, 2008). Additionally, the financial crisis has an impact on the construction rate of new buildings consequently affecting annual sales of alternative heating systems predominately applied in new buildings (Müller et al., 2010).
[image: ]
[bookmark: _Ref326849284][bookmark: _Toc326852139]Figure 20: GDP per capita in Austria and the Czech Republic 
(Google public data explorer, 2012)

[bookmark: _GoBack]As we can see in Figure 20 and Figure 21 the price level of electrical energy and natural gas in Austria and the Czech Republic between 2007 and 2011 has been almost at the same price level for the whole observation period. However, the electricity and natural gas price in the Czech Republic is slightly lower. This fact is mainly explained due to the geographical proximity of both countries and thus their interconnected markets. The situation in these two commodities indicates the overall same price level at the energy in bouth countries. According to taxes for energy carriers there is a long-term harmonization in Austria and the Czech Republic, especially explained by the taxation of energy of the European Union. (European Parliament, 2006)
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[bookmark: _Ref326846645][bookmark: _Toc326852140]Figure 22: Price development of electrical energy for domestic custumers (excluding taxes)
(EUROSTAT, 2012)


[bookmark: _Ref326846655][bookmark: _Toc326852141]Figure 23: Price development of natural gas for domestic custumers (excluding taxes)
(EUROSTAT, 2012)

An important impact factor is the acceptance of new technologies and the consequential diffusion of these technologies in a country. The higher the investment costs for a new technology, the greater is also the risk associated with these technologies. As already illustrated above, the decision is significantly influenced by economic factors. If we consider the diffusion of innovative technologies, the subsidy scheme of a country is playing a crucial role. The subsidy scheme in Austria is mainly and more intensively focused on heating systems based on renewable energies than in the Czech Republic. This is seen as the explanation for the higher percentage of heating systems based on renewable energy carriers in Austria. Additionally, the social network is assumed to be an important impact factor related to the acceptance of new technologies. Since alternative technologies in Austria are more common than in the Czech Republic, the diffusion process is reinforced. 

Based on the comparison of the building characteristics between Austria and the Czech Republic the responsible impact factors inducing these differences are identified. To sum up, the GDP of a country, the predominant subsidy scheme in a country as well as the social network of individual households is playing the most important role inducing the different development path in Austria and the Czech Republic.
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Final enery use by sector [%] [TJ]
Agriculture	1970	1980	1990	2000	2010	31474.080000000005	30069.875	24491.91034160386	22206.037463099277	23985.138353542716	Industry	1970	1980	1990	2000	2010	198508.42346103888	224377.51959852126	216562.81390475851	253629.10290892568	317852.38860735134	Transport	1970	1980	1990	2000	2010	111961.25004153757	165615.56160801052	208837.05063713997	292724.09476019675	368548.1724937773	Service	1970	1980	1990	2000	2010	52453.085997423012	73270.572993467518	73128.789648761755	113160.67846648947	121618.69989191025	Private Households	1970	1980	1990	2000	2010	172836	208099	243488.21619727247	259569.47240478513	287149.34317246062	


Final enery use by sector [%] [PJ]
Autor	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	0	0	0	0	0	0	0	0	0	0	0	kvality of data	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	0	0	0	0	0	0	0	0	0	0	0	Agriculture, Forestry	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	46	43.2	42.3	21.4	20.6	21	25	25	23	23	23.3	Industry	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	458	438.3	448.4	441.5	451.4	455.8	463.3	459.5	462.1	438.9	341.9	Construction	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	37.200000000000003	28.6	20.399999999999999	13	14.3	15.1	10.6	10.9	10.7	10.200000000000001	9.1	Transportation	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	147	149.30000000000001	163.5	194.4	221.2	235	250.9	261.5	277.7	270.7	281.60000000000002	Other branches	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	105.8	108.4	120.4	115.8	120	132.30000000000001	127.6	116.9	122.7	115.2	113.5	Private Households	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	245.4	234.9	261.7	248.2	262.60000000000002	259.5	253.5	273.8	247.2	244	259.60000000000002	Building and dwelling stock [number]
Buildings	



Total 1971	Total 2001	1 or 2 dwellings	3 to 10 dwellings	11 or more dwellings	Non-residential buildings	1281000	2046712	1557420	142351	61196	282257	Dwellings	



Total 1971	Total 2001	1 or 2 dwellings	3 to 10 dwellings	11 or more dwellings	Non-residential buildings	2666000	3863262	1809380	791584	1134782	105853	


Construction period of dwelling stock [number]
unknown	
1985	1990	1995	2000	2005	2010	84000	78270	0	0	0	0	2001 and later	
1985	1990	1995	2000	2005	2010	0	0	0	0	123913.78607276359	324841.08962864266	1991 to 2000	
1985	1990	1995	2000	2005	2010	0	0	170669	443141.04483072064	484218.16403608659	501952.13849629951	1981 to 1990	
1985	1990	1995	2000	2005	2010	162000.00000000003	382820	446087	422850.76805363159	484184.16409478459	391901.10813152994	1971 to 1980	
1985	1990	1995	2000	2005	2010	549000	547310	543100	536719.32132010744	540516.06684226252	555854.15336869238	1961 to 1970	
1985	1990	1995	2000	2005	2010	516000	513840	525013	513208.00060516701	540185.06741370645	556802.15363026061	1945 to 1960	
1985	1990	1995	2000	2005	2010	432000	425610	429164	415357.66584117594	434720.24949027592	455826.12576942466	1919 to 1944	
1985	1990	1995	2000	2005	2010	299000	280790	294240	279734.81582710083	268031.53726499859	307211.0847642537	before 1919	
1985	1990	1995	2000	2005	2010	730000	695260	669226.99999999837	614589.38353573764	599630.96478512243	529913.14621117082	


Heating systems of dwelling stock [number]
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Energy consumption for space heating, domestic hot water 
and cooking (GJ)
Space heating	2003/2004	2005/2006	2007/2008	2009/2010	188000245.53294268	203786982.27554739	193882172.60985214	196766985.9201695	Domestic hot water	2003/2004	2005/2006	2007/2008	2009/2010	36240809.332210235	35779600.926108912	33981541.471553512	33031372.61472043	Cooking	2003/2004	2005/2006	2007/2008	2009/2010	6657706.261902703	7303453.4386530202	7104244.5752887735	7406455.0953064105	Other	2003/2004	2005/2006	2007/2008	2009/2010	36126045.009640813	34357583.134294875	36568545.539135113	37370620.534628391	


Dwelling stock [number]
Number of total inhabited dwellings	1961	1970	1980	1991	2001	2011	2845145	3088841	3494846	3705681	3827678	3894210	Dwelling size [%]
1 dwelling	2001	0.72000000000000064	2-3	2001	0.16500000000000001	4-9	2001	5.900000000000008E-2	10+	2001	5.3000000000000012E-2	Construction period of dwelling stock [number]
to 1919	1920-1945	1946-1980	1981-1990	1991-2001	417982.43760000041	561903.13040000002	1868289.6318000001	627356.42420000001	352146.37599999999	Numbers
Heating systems of dwelling stock  [number]
Central heating system	1961	1970	1980	1991	2001	2011	238585	767984	1646680	2187457	2816000	2805313	Local heating system	1961	1970	1980	1991	2001	2011	14640	217806	395583	688507	311314	526562	Stove	1961	1970	1980	1991	2001	2011	2581547	2094273	1430141	804238	573101	432390	Energy carriers of heatings systems [number] 
District heating	2001	2011	1401285	1269875	Coal	2001	2011	574630	345991	Natural gas	2001	2011	1401575	1468488	Electricity	2001	2011	247539	284175	Wood	2001	2011	167341	293660	Energy consumption for space heating, domestic hot water 
and cooking [PJ]
Space heating	1996	2003	73.45	59.4	Domestic hot water	1996	2003	11.43	8.4	Cooking	1996	2003	4.75	5.6	Other	1996	2003	5	4.9000000000000004	Annually sold heating systems based on renewable energy 
[number/a] and [m²/a]
Biomass boilers 	<	 100 kW [number/a]	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	12590	11160	11895	13487	18808	21353	11806	22602	21304	17998	Individual biomass stoves [number/a]	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	31643	31849	37583	Solar thermal collectors [100m²/a]	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	1691.47	1636	1768.2	1914.94	2430.75	2996.04	2896.8100000000022	3629.23	3648.8700000000022	2857.8700000000022	Heat pumps [number/a]	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	5710	5880	7048	8064	9900	13259	15241	18705	18138	17578	


Oil and pellets price [€/Barrel] and [€ Cent/kg]
Pellets	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	23	23	23	21	19	18	24	21	19	21	21	Oil	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	30.74	27.3	26.47	25.49	30.64	43.71	51.88	52.91	65.940000000000026	44.1	59.95	


Dwelling stock in AT and CZ [number]
Dwellings AT	



Total 2001	1 or 2 dwellings	3 dwellings and more	3863262	1809380	791584	Dwellings CZ	



Total 2001	1 or 2 dwellings	3 dwellings and more	3827678	2755928.1599999997	1071749.8400000001	


Construction period of 
dwelling stock [%]
before 1919	AT 2000	19.100000000000001	1919 to 1944	AT 2000	8.7000000000000011	1945 to1980	AT 2000	45.4	1981 to 1990	AT 2000	13.1	1991 to 2000	AT 2000	13.7	


Construction period of 
dwelling stock [%]
before 1919	CZ 2001	10.92	1919 to 1945	CZ 2001	14.68	1946 to 1980	CZ 2001	48.81	1981 to 1990	CZ 2001	16.39	1991 to 2001	CZ 2001	9.2000000000000011	


Energy carriers of heating systems [%]
Renewable	AT 2009/2010	CZ 2011	22	8	Fossil	AT 2009/2010	CZ 2011	55	57.3	District heating	AT 2009/2010	CZ 2011	23	34.700000000000003	


Price develoment of electrical energy for domestic custumers 
(excluding taxes)
Austria :	2007S2	2008S1	2008S2	2009S1	2009S2	2010S1	2010S2	2011S1	2011S2	0.1255	0.12709999999999999	0.1268	0.13800000000000001	0.13800000000000001	0.14269999999999999	0.1396	0.14419999999999999	0.14440000000000044	Czech Republic :	2007S2	2008S1	2008S2	2009S1	2009S2	2010S1	2010S2	2011S1	2011S2	8.9500000000000246E-2	0.10600000000000002	0.10800000000000012	0.11020000000000002	0.11609999999999998	0.1108	0.11459999999999998	0.12320000000000038	0.1208	€ / (KW/h)
Price development of natural gas for domestic custumers 
(excluding taxes)
Czech Republic	2007S2	2008S1	2008S2	2009S1	2009S2	2010S1	2010S2	2011S1	2011S2	3.0400000000000052E-2	3.6900000000000002E-2	4.4400000000000113E-2	4.1599999999999998E-2	3.9699999999999999E-2	3.9100000000000003E-2	4.3099999999999999E-2	4.5400000000000003E-2	4.9600000000000012E-2	Austria	2007S2	2008S1	2008S2	2009S1	2009S2	2010S1	2010S2	2011S1	2011S2	4.4600000000000022E-2	4.2800000000000032E-2	4.5200000000000004E-2	4.7300000000000113E-2	4.4900000000000023E-2	4.5100000000000001E-2	4.3400000000000001E-2	5.1199999999999996E-2	5.3400000000000003E-2	€ / (KW/h)
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