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Introduction

Each of the three big sectors buildings, traffic and industry need about one third of the world energy consumption.

New technologies in buildings give us a big chance to reduce the energy use of buildings in a very efficient way. Some studies emphasized that about two thirds of the reduction in climate gases to reach Kyoto targets could be reduced in the way of using new technologies in houses. 

In this seminar paper we wanted to show some possible technologies that can serve us to minimize the energy losses and to get more services out of the energy consume especially for the use in Austria and CZ.

The main challenge in this paper is to list some new technologies that could be currently presented on the market, but we don’t have to be aware of all of them. People invent new technologies as the progress goes on. We wanted to describe the new technologies and thus help to spread their usage. 

A wholly optimized building has to follow some additional rules:

· Minimization of the floor space required. We have to realize that building land is a short good.

· A minimal heating demand and a saved heating supply in combination with a high comfort of living.

· The use of ecologically friendly materials. (Streicher 2004)

The passive house concept

In the basic idea the passive house concept is a building standard for the maximal possible reduction of energy consumption. 

With the easy way of:

· minimizing heat losses with better isolation

· maximization of heat gains due to the use of solar energy

· use of internal heating sources like computers or humans

· implementation of a passive pre - heating concept for fresh air

(Lang, 2001) 

High quality passive houses sustain without an additional heating system. They lower the heat demand from about 250kWh/m² down to about 15kWh/m² independent from the season.   

When is a house a passive house?

	Passive house criteria
	Specific value

	Heating load
	Max 10 W/m²

	Spec. heat demand
	Max 15 kWh/m²

	Spec. total end-energy demand
	Max 42 kWh/m²

	Spec. total primary-energy demand
	Max 120 kWh/m²


Chart 1: Passive house criteria

That the specific heat demand of max 15 kWh/m² is very low shows a simple calculation:
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10 kWh/m² energy-content is equal to 1l oil furthermore this means that a passive house with 100 m² needs about 150 l oil per year – about 12% from the heat demand of an old building from the 50ies 

Reduction potentials of buildings:

	Average  heat loss in %
	Place of loss
	reasons

	32%
	Heater
	Bad efficiency, oversized, bad regularization

	28%
	Windows
	Glazing losses, bad installed, to big

	18%
	Walls
	Bad insulation, chill bridges

	16%
	Roof 
	Bad isolation

	  6%
	Cellar ceiling
	Bas isolation, chill bridges


Chart 2: Reduction potential (Schmid, Gillinger, 2000, S.21)

 The exposure, infrastructure & shape of a building

These factors are not really new technologies but with the beginning of our century “the oil age people” had enough cheap energy in form of oil, they didn’t know anything about future shortages and negative externalities. They didn’t have to care about energy savings and so this factors fall into oblivion for many years.

The exposure

It’s important that the exposure fits optimal to the passive building. The best exposure is on the slope in south disposition to get the most solar gains. 

The exposure on the top of a hill is due to the additional exposure to the wind and weather also not as good as the exposure in a swale where cold air is collected. If a not so windy exposure is possible it is good to reduce the wind-pressure with pant walls or deeper roofs. 

(Schmidt, Gillinger, 2000, S.46) 

The infrastructure

It makes no sense to build a passive house in the green field and drive with the car a lot of kilometres to the working place, the supermarket, school etc.

Also the connection to the waste disposal system, energy, and traffic produces costs should be thought of.

The shape of the building

A compact shape in form of an optimal volume to surface ratio is an igloo. But we don’t built igloos in Austria and CZ (especially not in this size and not made out of snow, an optimal isolator) so we have to look for other possibilities. 

Every outside corner multiplies the surface enormous in compare with the Volume and so the heat disposal of the building increases. We should prefer rectangular buildings orientated the longer side to the south. 

The Optimisation Potential in the shape of the building is about 30% 

(Fraefel, Humm, 2000, S.6)  

It should also be mentioned that a house for more than one family is more energy efficient than the modern houses for single households.  Less costs for building and maintenance, less costs for infrastructure like energy connection, traffic etc.

Isolation 

Isolation is important. Every small child knows this. But as recently as the energy for heating was getting more expensive a lot of experts started again to research in this area. 

For isolation a lot of different materials are in use. They all have various features and prices and so the best isolation cannot be identified. But the past shows us that also expensive isolation materials get cheaper when more demand is on the market. That is caused because when there is more demand, more suppliers get onto the market. In most cases the competition is done over the price, so new technologies for cheaper productions are invented and in the end the price level for the consumer decreases. 

It is also important to add in this context that it makes only a small difference for the workers to install 10 cm or 20 cm isolation. In most cases they need the same time for the fixation on the building. So the additional costs of adding larger isolation are very small. The main part of the costs exists in general with the installation of the scaffolding but these costs will not change with thicker isolation also the working hours stay nearly the same.

The claims for the isolation are very high. There should be no “heat bridges”, a high air and wind tightness and high minimum standards in isolation quality. 

Isolation thickness 

The next chart shows us the necessary isolation thickness to reach a passive house U-value (heat pass value) of 0,13W/m²k. 

We would need about 16 m thick concrete to reach this aim, but in compare to this enormous thickness only about 40cm of straw or 1,5 cm Vacuum isolation.

Traditional isolations like mineral wool, cellulose, or polystyrol reach the aimed heat pass value already with 20 cm. 

	Isolation material
	Heat conductivity [W/m²k]


	Needed thickness for U-value of 0,13 W/m²k

	Concrete
	2,10
	15,80 m

	Massive bricks 
	0,8
	6,02 m

	Hole bricks 
	0,4
	3,01 m

	Wood
	0,13
	0,98 m

	Straw
	0,055
	0,41 m

	mineral wool, cellulose, or polystyrol
	0,025
	0,188 m

	Nano porous isolation
	0,015
	0,113 m

	Silica acid
	0,008
	0,06 m

	Vacuum 
	0,002
	0,015 m


Chart 3: Required thicknesses to reach passive house standard (passive house Institute 2005)
The in chart 3 mentioned isolation materials are only examples out of the wide range of isolating materials. In principle a decision in artificial and nature isolation material is possible.  

But also other features beside the U-Value are important. So the density, the heat store capacity, humidity features, noise protection and the flammability play important roles for a good isolation material in buildings. 

Vacuum isolating panels 

Today with the progressive movement in isolation technology, isolations with significant thinner thicknesses are invented. These powerful materials are for example nano porous aero gels, silica acid, glass fibre and micro porous plastics. These materials combined with a vacuum covering results to the most powerful isolation today. The heat conductivity of these vacuum-isolating panels is from 5 up to 10 times smaller than traditional isolating material and therefore they give us the possibility of thicknesses smaller than 2 cm. The Vacuum isolating panels couldn’t enter the market yet because they are up to now very expensive and there is no knowledge to their durability. Their wide field of application can be identified especially on places where space is limited, e.g. for old and too less isolated buildings, doors or isolation layers under floor heating systems. (Wüsten 2001)

Windows

Glazing

The in the 70ies common single glazing with a U-value of 5,5 W/m²k, easy to identify in winter when ice flowers are growing on it, can now be easily replaced by windows with three times glazing with a U-value of max 0,8 W/m²k.

Chart 4 shows the different glazing and their surface temperature that arises when the outside temperature is about -10ºC and the noticeable effects.

	Time
	Glazing 
	U value[W/m²k]
	Surface temperature [ºC]
	effect

	Up to 1980
	Single glazing
	5,8
	-1,5
	Ice flowers

	1984-1995
	Double isolated 
	2,9
	+6
	condensate

	Since1990
	Double isolated heat protection
	1,1
	+15
	Unpleasant radiation

	now
	Triple isolated heat protection
	0,5
	+18
	Almost similar to room temperature


Chart 4: Surface temperature on different glazing (Energie Tirol, 2005)
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The triple isolated heat protection glazing windows cause a theoretical calculated energy loss from 8l oil per square meter window surface. That’s 1/8 of the energy loss of single glazing (Energie Tirol, 2005)

Frame

Besides the glazing also the frame has an important function for the heat isolation of windows for passive houses. The window producers learned in the last years that the frame is a “chill bridge” and that with this a lot of heat gets lost. They adapted the frames and with different technologies (additional isolation, different materials, deeper channels etc.) 

Transparent heat isolation

This system should not only reduce heat losses, it should also use the incoming solar energy for transforming in hot water for heating on claddings. In principle it works like a passive house window. It makes a heat pass from inside to outside so small as possible and let a big amount of energy from outside pass to inside. The incoming radiation gets converted to thermal energy on a black absorber layer; the store layer saves the thermal energy and releases it after some time to the building. With the implementation on south orientated or uncovered west or east claddings a positive energy balance can be reached. The implementation on vertical wall surfaces is important because so a overheating in summer is reduced. (Humm, 1998)

Sunmachine

The sunmachine produces electricity out of sun through the combination of a parabolic mirror and a stirling module. The stirling engine drives a generator that produces the electricity. The rest heat is converted into hot water for heating. The parabolic mirror has a cross section dimension between 2,5 and 4 m. It bundles the solar energy and can bring an overall performance of 1-4kW electricity (35%el. efficiency) and 2,5 -20 KW heat. With this energy output it would be possible to cover the supply of a single household. The price for such a sunmachine module is about 10.000 €. The company ensures 

80.000 hours maintenance free time and no additional operating and energy costs. In the night and in the case of to less solar power the stirling engine can be driven by every other heat source e.g. a gas burner or wood chips. (www.sunmachine.de , 25.06.2006)
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Chart 5: Sunmachine (www.sunmachine.de , 25.06.2006), 2005

Solar service water heating

Beside the passive use of solar energy, an active using in solar collectors is possible. With the correct dimension of the solar plant a servicewater providing from 200 up to 250 days per year can be insured.  The technology in this sector is not very new but new national subsidizing rules in building construction and the increasing energy prices lead to a big boom especially in Austria in the last 5 years.  

There are different types of collectors on the markets.  Especially the different efficiencies and the afforded out coming temperature level appoint the price.  The most research efforts wants to increase the two main factors efficiency and out coming temperature level but also a lot of research in better store mechanisms for the heat water is done. The aim is to use much as possible solar energy over the year, save the surplus and use it in could winter period for heating and not only as servicewater. The use in the cold period of course assumes low energy buildings.

Photovoltaic

A photovoltaic plant uses solar energy and converts it into electric power. With the plant the buildings should produce their eclectic energy consumption by themselves. The technology research wants to increase the efficiency over the 12% - max18 % that can be reached actually.  The gain of photovoltaic plants in Austria and CZ is about 800 kWh electricity per year per 10 m² photovoltaic surface. 

The amount is not only limited by the bad efficiency, there are also several other problems so that the implementation from big solar plants currently is only interesting in island mode where other forms of electricity production are not even possible. The high price of the semi conducting surfaces (actual mainly very thin and pure silizium layers), power decreasing from 1% per year  and a lifetime from about 20 years are a few of the main problems with photovoltaic. 

Actually the research looks for alternatives to Silizium. They want to reach efficiencies up to 40 % with solar cells made out of plastic or colour substances or substances out of the third in combination with one element from the fifth group of the periodic system (PM, Jun. 2006)

The price for the normal Silizium solar cell with the efficiency from 25% at ideal conditions actually is between 3 and 4 € per Watt. Producer and scientists think that the price of 1 € per Watt will get possible in the next years (Glunz, 2005)

Water providing

For the sustainable usage of drinkable water in buildings new technologies were invented in the last years. Especially the use of rain water for a large field of applications is possible. For example the possibility to use rain water for gardening, cleaning and for toilet water is increasing. Humans in CZ and Austria need on average 140l drink-water, the half of this for gardening, that are 30m³ drink-water that could be saved with rainwater store systems for buildings. The basic concept works with a big rainwater tank that collects the rainwater from the roof and pumps in additional pipes the water to the consumers. (BUW. 2005)

15 kWh/m² society

Actually the stock of Buildings in Austria and CZ need about 78%  of the end energy for Heating, 10% for Warm water production and 12% for Electricity and auxiliary power. With efficient technologies for a large field of applications like heating, warm water production and other energy consuming processes like cooking, washing etc. an end energy reduction from about 88% is possible. That means that a wholly fitted household with the most efficient equipment of the market can sustain with less than 15 kWh/m² energy. (Feist 2001, S.4)

Heat pump

A heat pump is a machine, which moves heat from a low temperature reservoir to a higher temperature reservoir under supply of work.

Heat flows naturally from a higher to a lower temperature. Heat pumps, however, are able to force the heat flow in the other direction, using a relatively small amount of high quality drive energy (electricity, fuel, or high temperature waste heat). Thus heat pumps can transfer heat from natural heat sources in the surroundings, such as the air, ground or water, or man-made heat sources such as industrial or domestic waste, to a building or an industrial application. Heat pumps can also be used for cooling. Heat is then transferred in the opposite direction, from the application that is cooled, to surroundings at a higher temperature.

In order to transport heat from a heat source to a heat sink, external energy to drive the heat pump is needed. Theoretically, the total heat delivered by the heat pump is equal to the heat extracted from the heat source, plus the amount of drive energy supplied. Electrically driven heat pumps for heating of buildings typically supply 100 kWh of heat with just 20-40 kWh of electricity. Many industrial heat pumps can achieve even higher performance, and supply the same amount of heat with only 3-10 kWh of electricity.

The basic types of heat pumps are divided into three categories according to the working medium:

· ground / water

· water / water

· air / air

Heat pumps are actually quite an old technology in developed countries, but this doesn’t apply to the Czech Republic. Heat pumps can be still considered as a new technology in the CZ, because they are still not very well penetrated due to several major reasons:

· information barrier

· legislative barrier

· economical barrier

(http://www.avtc.cz/; 29.6.2006)

PCM

A Phase Change Material (PCM) is a substance with a high heat of fusion, which melting and solidifying at certain temperatures, is capable of storing or releasing large amounts of energy. 

The only phase change used for PCMs is the solid-liquid change. Liquid-gas PCMs are not yet practical for use as thermal storage. Although they have a high heat of transformation, the increase in volume during the phase change from liquid to gas makes their use impractical.

Initially, the solid-liquid PCMs perform like conventional storage materials; their temperature rises as they absorb solar heat. Unlike conventional (sensible) storage materials, however, when PCMs reach the temperature at which they change phase (their melting point) they absorb large amounts of heat without getting hotter. When the ambient temperature in the space around the PCM material drops, the PCM solidifies, releasing its stored latent heat. PCMs therefore absorb and emit heat while maintaining a nearly constant temperature. Within the human comfort range of 20° to 30°C, latent thermal storage materials are very effective. They store 5 to 14 times more heat per unit volume than sensible storage materials such as water, masonry, or rock.

(http://en.wikipedia.org/wiki/Phase_Change_Material, 29.6.2006)

PCMs can be broadly classed as Organic and Inorganic. 

Organic PCMs:

Organic PCMs can be aliphatic or other organics. Organic PCMs are expensive and they have average latent heat per unit volume and low density. Most items in organic PCM range are combustible in nature. They also have a wider range of melting point. You need specify the desired melting point only.

Inorganic PCMs:
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Inorganic PCMs are generally hydrated salt-based materials. Academicians are likely to misguide you into using pure hydrated salts like Sodium Sulphate Decahydrate and so on. Hydrated salts have a number of hydrates and an anhydrous form leading to stratification of material and loss of latent heat recovery with time. Hydrated salts also have a sub-cooling tendency. Old generation PCM manufacturers managed to add performance-enhancing agents. These additives do help in delaying the degradation of PCMs for say 100 cycles or thereabout. However, they do not address the basic reasons due to which sub-cooling and degradation happens. Earlier researchers emphasized that it is beneficial to use impure grades of base material as it promotes the nucleation and prevents sub-cooling. However, impurities also promoted nucleation of undesirable hydrates leading to stratification. Experts on crystallography have managed to identify the “Preferred Crystal Nucleation” method. It consists of a “Cold Finger” that nucleates and promotes the growth of desired crystals and “Detoxification” or “Selective Elimination” whereby any impurity that promotes the growth of undesirable crystals is removed.  

Applications of PCMs: 

· Thermal conditioning of buildings

· House heating

· Warm water

(http://www.pcmenergy.com/, 29.6.2006)

Activated massive layers
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The activated layers (TABS) are used for effective cooling and heating of a building. Concrete grounds and ceilings are physically treated for storage of heat respective coolness. 

The concrete bodies become thermo-activated through inserting water-leading modules. 

In the summer is the energy stored during the day and then transported away in the night. The system enables natural cooling which cannot be compared to a air-condition device. In the winter is the concrete mass used to release the heat. 

The tabs systems enable comfortable climate in the buildings all the year through, but not only that, they are also highly economical and effective. 

Thermo-active foundations (ground coupled heating/cooling with water tubes in the concrete structure of buildings)

“The environmentally friendly way of cooling and heating buildings using concrete structures to obtain energy from the ground and ground water”

The basic idea is to extract heat from the ground (geothermal energy) and to utilize it by means of suitable systems integrated into the building. 

Conversely, this principle can be used for cooling purposes. In this case, excess heat is dissipated in the ground. In areas with suitable soil conditions, it is also possible to store cooling and heating energy in the ground from one season to the next.

The sun provides us with an inexhaustible source of thermal energy, which can be put to direct use with the aid of solar collectors.

In combination with enercret, solar collectors present an interesting possibility for storing thermal energy in one season for use in the next.

The soil can be used as a vast energy store to retain the excess heat from production processes over long periods. This stored thermal energy can later be used for heating purposes. This saves on primary energy from fossil fuels both in summer and winter.

There are various methods for tapping the energy stored in the ground. The most widely known systems are vertical bore hole heat exchangers, horizontally laid earth collectors, trenched collectors and absorber systems integrated into strip footings and ground slabs. In the case of horizontal ground loops, the availability of land as a heat source is relatively limited and vertical ground loops involve considerable additional costs for drilling the holes in the ground and installing the loop.

The running costs are extremely low in comparison with conventional systems. In applications where the heat extraction and utilization system can be used both for heating and cooling the building, the investment costs for installation are particularly economical. 
(http://www.erdwaermetauscher.info, 29.6.2006) 

Summary

To list all the possible new technologies, which are used for enhancing energy efficiency in buildings was a challenging task indeed.

We faced two main problems:

1. To define the novelty of a technology is ambiguous, because the historical timeline of a technology seldom exists and also the time of introduction of technologies differs between individual countries 

2. Manufacturers solely explicitly specify, which technology is new, so to search for new technologies without previous practical experience is quite difficult.

After we performed research of various literature and Internet sources, we came up with these major trends in new technologies:

· Passive house concept

· New materials for isolations

· Improved windows

· Transparent heat isolation on claddings

· Usage of solar energy

· Heat pumps

· Phase change materials

· Activated massive layers

· Thermo-active foundations
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