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1 Introduction 

The improvement of energy efficiency is an important issue of energy policy. Improved energy efficiency is important for the reduction of CO2 emissions since the agreed Kyoto target of the European Union is to reduce 8% of the greenhouse gases between 2008 and 2012 in comparison to base in 1990. The Czech Republic signed the Kyoto Protocol in 1998 and ratified it in 2001. The Czech Republic stated in the State Environmental Policy a goal of achieving 20% reduction of emissions of greenhouse gases by 2010.

In the housing sector there has been a widespread range of factors that influenced the energy sector. There are changes in the housing stocks, in the average floor space per person and shifts toward fuels that provide a higher comfort level using heating with oil or gas. As a result of smaller family sizes and an increased number of one-person households the number of dwellings has been increasing. Therefore energy use for space heating has been increasing as well. Efficiency improvements in space structure are generally achieved by changes in the building shell such as better insulation. Since new buildings have not replaced the old stock, the problems with efficiency in old houses remain. 

According to Article 15a of the federal Constitution of Austria the legislation for the building codes falls under the responsibility of the provinces, why the Federal Government and the provinces had to formulate common goals and to co-ordinate future actions. The agreement on energy efficiency entered into force on 15 June 1995. It includes the use of energy indicator values in the evaluation of the thermal quality of buildings in addition to K values. This indicators form the basis for state- wide energy certificates for buildings.
The European Directive on the Energy Performance of Buildings
 is a very important legislative component of energy efficiency activities of the European Union and also one method for fulfillment of the Kyoto commitment. The Directive was adopted on 16th December 2002 and entered into force on 4th January 2003. The implementation into national law should not be later than on 4th January 2006. Till now only ten member states implemented the directive totally or partly into national law, they are: Denmark, Germany, Italy, Portugal, Austria, Lithuania, Belgium, Latvia, Poland, and Slovakia. 

In Austria the question of the allocation of competence was already resolved in 2003. The Energy Certification of buildings lies in competence of the state and the building law is a duty of each of the federal states (after the federal constitution of Austria). The federal states couldn’t manage to implement this directive in their building laws, therefore they asked for an extension of time till 4th January 2009.

2 Energy dependency 

In the Czech Republic about 26.5% (in 2002) of all energy consumption is imported. The ratio of imports to all consumed energy is depicted by energy dependency ratio, which has increased by 10% between 1992 and 2002. In comparison EU-15 energy dependency is 50.4% and EU-25 48.1%. Austria depends on energy imports on 66.1%. 

Relative energy independency of the Czech Republic is caused by its possession of solid fuel reserves, especially brown coal. The Czech Republic owns brown coal reserves sufficient if mined at current amount for several decades. If the Czech Republic wants to keep its independency on energy import, it will have to explore new locations for production of lignite. This issue remains very controversial, since some of these areas are situated in natural preserves and already huge areas are very badly damaged by mining.

2.1 Heat production 

Table 1 shows an overview of the production from different fuels for heat and which sector uses the most.
 In the Czech Republic a great part is used for the residential sector, while in Austria Commercial and Public Services use the most. 

	  Unit: TJ
	  Austria
	Czech Republic

	Production from:
	  
	  

	- coal
	3.490 
	96.562 

	- oil
	8.091 
	6.694 

	- gas
	28.043 
	38.581 

	- biomass
	11.840 
	2.646 

	- waste
	3.586 
	2.659 

	- nuclear
	0 
	0 

	- geothermal
	427 
	0 

	- solar thermal
	0 
	0 

	- other sources
	3 
	0 

	Total Heat Production
	55.480
	147.142

	Imports
	0 
	0 

	Exports
	0 
	0 

	Domestic Supply
	55.480
	147.142

	Statistical Differences
	0 
	0 

	Energy Sector*
	0
	15.433

	Distribution Losses
	1.274 
	20.635 

	Total Final Consumption
	54.206
	111.074

	Industry 
	9.063 
	32.810 

	Agriculture 
	295 
	622 

	Commercial and Public Services
	23.811 
	24.670 

	Residential 
	21.037 
	52.970 

	Other Non-Specified
	0 
	2 


* Energy Sector also includes own use by plant and electricity used for pumped storage.

Table 1: statistical heat data

3 Heating

In Austria the main energy source for heating is raw gas with 28.5% followed by oil with 28.2%. District heating with 16,2%, wood with 14,3% und heating with electricity lies at about 7.2%. Only 2% of the households still use fuels like coal or briquettes
. 

In general an average Austrian house needs 225kWh/m², for new houses there it is “only” 100kWh/m² (after the building regulation). In the following diagram you can see the energy use for heating in different kind of houses:  
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Diagram 4: energy use

As we can see in the diagram 5 half of the Czech flats is supplied from district heating. The share of gas has probably achieved its peak, because with rising price this source of energy becomes overpriced in comparison to other types of heating. Because the bill for heating has been increasing, many households are considering a switch to coal heating. Apparently such a shift would have damaging effect on natural environment. To avoid that, the government considers charging of extra so called ecological tax on unsustainable energy sources. 
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Diagram 5: Types of heating
 

Thermal renovation would save about 80% of the private heat energy demand if it is insulated to a low energy house standard (40kWh/m²). The amortization lies between 7 and 14 years. This depends on the housing condition, size and the heating system.
 

4 Housing stock in Austria and the Czech Republic

The stock of housing and dwelling in Austria (3.8 million) and the Czech Republic (4.3 million) is about the same size although the old buildings in Austria are in general in a better condition than in the Czech Republic and also their present technical state of the large majority of apartment buildings is very bad as well. Buildings from different periods have different properties but in general they have a great potential to save energy. 

Table 2 shows the number of buildings for each period: 

	period of construction
	Austria

	Czech Republic


	before 1919
	597
	227 

	1919-1945
	267
	239

	1945-1960
	395
	623

	1960-1970
	509
	432

	1971-1980
	519
	676

	1981-1990
	407
	967

	1991 and later
	563
	689

	Total 
	3.259
	4 235


Table 2: Stock of dwellings (main residence), annual average in 2003, period of construction in 1.000

4.1 Characteristics of the buildings in each construction periods

Buildings which are built before 1919 have in general walls of 40- 60cm. There main energy loss arises from unused heat energy and through airing.

· Characteristics for buildings from 1919 till 1945 are that there walls are only 25- 38cm and therefore the heat insulation is less than is in the older buildings. Energy losses are caused by unused heat energy and the outer wall. 

· After World War II there was a lack of housing and dwellings and people built in a fast way a lot of new housings. These housing are characterized by very thin outer walls (24- 30cm) and the windows with single glazing. The highest energy loss is through the roof because the insulation after the last floor is very bad. Heat insulation in all houses of the post war period is quite bad. 

· Buildings from the period of 1961- 1980 are characterized by their flat roofs and the outer walls have about 25cm and the energy losses are distributed equally at the outer walls, windows (single glazing), airing and unused heat energy.

As you can easily see, all these buildings have a great loss of there energy through the outer walls. The thermal efficiency of buildings is determined by the level of insulation and air filtration, and the size and characteristics of windows. Measures to improve thermal efficiency include heavier insulation, double or triple glazing and the sealing of cracks.
4.2 Housing sector in the Czech Republic

In the Czech Republic a total of 1,165 millon flats are slab blocks (panel buildings), which were built between 1959 and 1990. This type of housing was constructed in all former Soviet sattellites during communism. Today there live about four million inhabitants, which represents about 40% of whole population. It is estimated that complete reconstruction of all slab blocks would cost about 10 to 15 bn EUR. Nowdays with these houses arise many problems. The only way how to improve their low energy efficiency is by improvement of their insulation.  

Because of high numbers of slab houses, these urban settlements are supplied by district heating, which is more efficient than local production of heat. District heating represents nearly half of all heating sources. Coal, electricity and gas heating amounts the other half of total consumption and all these energy sources constitute local production of heat in the place of consumption. Most of the heat is primary generated from coal and gas. 

High ratio of district heating in heat supply is also caused by low VAT, which is currently only 5%. The Czech Republic negotiated an exception with the EU for lower VAT category. In the lower VAT rate falls construction works as well. If the exceptions are not prolonged in 2008, then the cost for heating and construction works will increase by 14%. Since the increase of VAT will significantly impact increase of costs related to construction, current construction of new houses has been boosting recently.

In the Czech Republic the cheapest energy source for heating is coal. The ultimate consumer paid in 2005 in average 12 EUR/GJ in case of coal heat production, for instance in Brno, the second largest city in the CR, the heat produced by reconstructed gas heating plant cost 20 EUR/GJ
. 
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Diagram 1: Price of coal

Energy intensity in the Czech Republic amounts 876 kgoe/1000 EUR (2002), which is 10% less than in 1995. On the other hand EU 25 records only 207 kgoe/1000 EUR and EU 15 shows even less: 188 kgoe/1000 EUR. The trend is that energy intensity has been decreasing the more modern technologies are implemented. In comparison to Austria embodies only 140 kgoe/1000 EUR in 2002. The portion of industry in the whole GDP production is in the Czech Republic 39,3% (2004) and in Austria 25,7% (2004). One of the reasons of high energy intensity in the Czech Republic is ist orientation of economy on industry. Industry remains the largest energy consumer though ist share decreases. In the future we expect that the energy dependency ratio will go down
. 

The prices for energy sources are relatively low in the Czech Republic in comparison to other EU countries. Since Velvet revolution they have shown significant rise. In 2005 the production was 54m tons of brown coal. Czech economy is about 50% dependent on coal production. Demand for brown coal has been slightly increasing, though the prices have gone up. The reason is that the increase of price was not as big as in other energy sources.

Between 1996 and 2005 the prices of natural gas has increased more than five fold to 34 EUR/MWh , which is maximum price at which the distributors can sell to households
.

Problems that are related to panel buildings

· originating mold

· insufficient ventilation

· condensation of water on the walls

The main cause of these problems is insufficient insulation. With better insulation only required ventilation is eased (it is necessary for human well-being to have in balance humidity and temperature) and the losses of heat decrease. Therefore the cost for heating are reduced.Low thermal quality of panel buildings results in energy consumption 240 kWh/m2 annually
.

4.2.1 State subsidies in the Czech Republic

Current condition of many slab blocks is very poor. There are several types of state funding that should improve contemporary situation. Unfortunately these programs are under-funded while taken into account the total cost of reconstruction of panel building. If EU proposal for budget between 2007 and 2013 is approved, then will the Czech Republic draw funds for reconstruction of panel buildings from EU. There should be available nearly 300m EUR from which nearly 85% should be covered by the EU.

Type of state subsidies

· Direct funding – if panel building is in bad condition with an inevitable need for repair, then there is a possibility to get at the most 2000 EUR per one flat unit.

· Indirect funding – through program PANEL is available 30m EUR for reconstruction. The donation applies to 4% of credit interest for reconstruction, leaving the owner of property with an obligation to pay only about 1%-2% of interest for loan to bank. Another program offers a chance to get bank guarantee for reconstruction of panel building.

· Subsidies from program Phare. Funds are distributed for improvement of energy efficiency to the limit of 0,67% p.a. of paid loan interest 

4.2.2 State subsidies in Austria

In Austria the building law lies within the competence of the federal states. Each of the nine countries has a different system to subsidy renovations of buildings or new buildings and the amount of the subsidy. But all in all the requirements for a subsidy are similar in the nine regions. Requirements are for example: 

· Energy saving procedures like installation of a solar heating system, 

· Automatic biomass heating system with chip wood or pellets, 

· Insulation against loss of heat (windows, roof, outer walls)

5 Thermal Insulation

From season to season the temperature is getting higher and higher, but human comfort depends on a constant temperature in homes and working places through the year. For the winter this means preventing the escape of heat to the outdoors and in summer time blocking the invasion of heat from the outside. Insulation is solution that helps to maintain human comfort by blocking heat flow. 

Beside insufficient insulation the main losses are caused by 

· air-conditioning

· lights

· hot water production

5.1 Improvement of efficiency

Heat cladding 

Typical thickness for insulator of facade is 100, 120 a 160 mm. For insulation of roof is used 40 to 60 mm material.

For analysis of losses are used pictures taken by infrared camera depicting losses of heat. Camera displays thermal image of emitted energy of the building. From the picture we can directly see the heat losses. In red color are shown the areas with the highest losses. Infrared camera locates areas with bypasses, which may be caused by defective insulation. 
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Diagram 2: Infrared camera image

Impact of structure of building on energy efficiency is very significant. The diagram below depicts the influence of structure of block of flats on thermal losses of each flat. The structure is very important, since the higher the number of flats, the lower the losses can be achieved. In fact trend goes backwards since most of people prefer to live in their own house, which has the structure with the highest losses than in block of flats. Regarding energy efficiency, living in apartments is much less energy-intensive. 
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Diagram 3: Impact of structure building on losses

What are further ways to reduce thermal losses?

· Grass-covered flat roof – the temperature in winter varies less than non-grass roof, in summer roof does not warm up as much as regular roof, where the fluctuations are higher

· Anchorage of the building in terrain

· Increasing the area of south-facing windows

· Extra insulating window frames

· Use of energy efficient appliances – certification assessing total electricity consumption of each device in comparison to similar appliances in the same category

· Regulation of heating – in some slab houses heat used to be charged centrally, that means for the total consumption of the whole block. After installation of measuring device for individual flat the tenants had an incentive to reduce the amount of consumed energy. It directly affected their bill for energy

· Cogeneration of electricity and heat – combined heat and electricity generation, the heat produced from generation of electricity is used for production of steam, such a device has higher efficiency 

· Heat pump – appliance that move heat from places with different temperature, it can be used either as a cooler, when it moves heat to ambient water, air, soil, or it transfers higher level heat inward

· Renewable energy sources – wind, solar energy, biomass

During summer in warmer regions can be used for prevention of over-heating:

· Photosensitivity glass

· Exterior blinds

Premise: in conversion between crowns and EUR we calculated with exchange rate 30 Kč per 1 EUR.
6 Macroeconomic effects of energy saving renovation investments in the housing sector

About 40% of the whole energy input in Austria is used for the heating sector. In the reduction of the energy demand you find a great potential to reduce CO2 emissions. In 2002 we had a thermal renovation rate of 0.5%, but if we want to reach a relevant target for the climate policy an increase to 2% would be the best case. The investment costs would be €525 million per year. Further we reach a reduction of CO2 emissions of 750.000t annually, while 600.000t are a direct effect caused through the lower consumption of fuel and 150.000t are an indirect effect caused by lower fuel usage in electricity and long distance heating. 

The reduction of the CO2 emissions is a positive effect, but a 2% renovation rate would also affect the labor market. For every increase of the renovation rate of 0.1 percentage point the employment would increase annually by 760 persons till 2010 and lower the unemployment by about 590 persons per year. 

7 The European Directive on the Energy Performance of Buildings

Since the EU has been trying to reduce its dependency on energy sources the goal of achieving better energy efficiency in buildings sector was set by The Directive on the energy performance of buildings. Since energy consumption of buildings amounts to 40% of EU’s total energy, meeting the goal of reduction of energy consumption should enable the highest potentional for energy savings.

Among other sectors with highest consumed volume of energy belong industry and transport. Reduction of energy consumption should affect total amount of CO2 emitted in the atmosphere, therefore decrease demand for energy-intensive production. As a result would follow easier fulfillment of Kyoto treaty. The Directive on the energy performance of buildings came into force in January 2003. It sets required parameters for instance of boilers, air-conditioning and . The directive energy deals with performance of buildings in the whole EU. In the southern Europe one of the most sudden problems is increasing usage of air-conditioning, which in many instances does not pose high efficiency.

Each country has to set minimum standards on energy efficiency using the same methodology for performance calculations as in other states of the EU. The directive sets different standards to old building that need to be reconstructed and newly constructed building under current technological progress. It also requires exercising of regular inspection of appliances. Energy audit evaluates overall efficiency of the building and provides further data for reduction of energy consumption. Audit analysis calculates the cost for energy savings and payback time, till all the costs spent during efficiency improvement measures are paid back by lower energy bills. Buildings with different energy performance are rated by system of certificates, which sets standards for energy efficiency. The certificate enables estimate of future costs related to energy consumption. The better is energy performance of the building and the stricter audit the building undergoes, the higher value high efficient building embodies. 
In the following the major parts of the directive are listed
:

· Member States shall apply a methodology of calculation of the energy performance of buildings on the basis of a general framework. The energy performance of a building shall be expressed in a transparent manner and may include a CO2 emission indicator. (Art. 3)

· Member States shall take the necessary measures to ensure that minimum energy performance requirements for buildings are set, based on the methodology of calculation of the energy performance. (Art. 4)

· For new buildings with a total useful floor area over 1000m², member states shall ensure that the technical, environmental and economic feasibility of alternative systems such as decentralized energy supply systems based on renewable energy, CHP, district or block heating or cooling or heat pumps is considered and taken into account before construction starts. (Art. 5)

· When buildings with a total useful floor area over 1000m² undergo a major renovation, their energy performance is upgraded in order to meet minimum requirements in so far as this is technically, functionally and economically feasible. (Art. 6)

· When buildings are constructed, sold or rented out, an energy performance certificate is made available to the owner or by the owner to the prospective buyer or tenant. The energy performance certificate for buildings shall include reference values such as current legal standards and benchmarks in order to make it possible for consumers to compare and assess the energy performance of the building and it shall be accompanied by recommendations for the cost- effective improvement of the energy performance. For buildings with a total useful floor area over 1000m² occupied by public authorities and by institutions providing public services to a large number of persons an energy certificate, not older than 10 years, is placed in a prominent place clearly visible to the public. (Art. 7)

· A regular inspection of boilers fired by non- renewable liquid or solid fuel of an effective rated output of 20kW to 100kW should be occurred. This inspection shall include an assessment of the boiler efficiency and the boiler sizing compared to the heating requirements of the building, the experts shall provide advice to the users on the replacement of the boilers, other modifications to the heating system and on alternative solutions. (Art. 8)

· A regular inspection of air condition systems with an effective rated output of more than 12kW should take place with regard to reduce energy consumption and limit CO2 emissions. (Art.9)

The certification of buildings, the drafting of the accompanying recommendations and the inspection of boilers and air conditions should be carried out by independent qualified experts. (Art. 10)
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