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Renewable Energy Sources and Technologies in Austria

State of the Art Report 2005

1. Renewable Sources of Energy and Technologies

Renewable Energy is energy that is derived from natural processes that are replenished
constantly. In its various forms, it derives directly or indirectly from the sun, or from heat
generated deep within the earth.

Included in the definition of renewable energy sources, Renewables is energy generated from
solar, wind, biomass, geothermal, hydropower and ocean resources, and bio fuels and
hydrogen derived from renewable resources. Commercial markets for Renewables are today:
Hydropower, Bioenergy, Solar Heating and Cooling, Solar Thermal Power Plants,
Photovoltaic, Wind Energy and Geothermal Energy; Fig. 1.

The substitution of fossil fuels with Renewables leads to significant reduction of CO;
emissions and to a diversification of supply resources and therefore to a greater security of
energy supply. Renewables support the development of a sustainable energy system as a
requirement for economic sustainable development. On the political level, this fact was
reflected in a continuous promotion of Renewables through Austria’s energy, research and
promotional policies — including subsidies.

» Electricity generated from solar, wind, biomass, geothermal,
hydropower, and ocean resources.

* Heat generated from solar thermal, geothermal and biomass
resources.

+ Biofuels and hydrogen obtained from renewable resources.

Figure 1: Renewable Energy Sources for Energy Supply



2. Conditions for the Market Deployment of Renewables in Austria

Austria 1s among the top countries in Europe using Renewables; Fig. 2.1 to 2.6. Fig. 2.1 and
Fig. 2.2 show the contribution of Renewables to the total primary energy supply, TPES, in
OECD Member States and European countries. Renewables contributes to the total energy
supply in Austria about 21.3%. The average annual percent change of Renewables to TPES
was in the time period 1990 — 2004 1.3%; Fig. 2.3. Renewables share to electricity production
amounts in the year 2004 to 65.0%, compared to OECD/Europe of 18.2%; Fig. 2.4 and Fig.
2.5. The share of electricity productions from “other” Renewables (excluding hydro-power)
was 3.4% in 2003. The electricity production by Eco-Power Plants amounts in the year 2004
5433 GWh, from which were produced 73.38% with Small Hydropower, followed with
17.04% with Wind-energy, and 5.76% with solid biomass and renewable waste; Fig. 2.7.

Hydropower and biomass are the major renewable energy sources. Beside of these recourses,
Austria is one of the pioneering countries in the thermal use of solar energy, the production of
biodiesel, and the use of ambient heat. Combined with the increasing use of Renewables, the
design and production of hydro-power plants, solar thermal installations, biomass boilers as
well as the manufacturing of components for the use of wind energy and photovoltaic
increased in the past years.

Both the extension and the use of Renewables have also created other positive effects e.g.
technological innovations. The industry producing the facilities for the use of Renewables
belongs to the most dynamic sectors of the Austrian economy. This guarantees regional value
added and secure jobs not only today, and offers excellent chances for the future.

Tax system for the Promotion of a Sustainable Energy System

In the context of Austria’s sustainability policy, the tax system was adjusted for the
requirements of sustainable energy system (1996). More than 10% of this tax revenue is made
available to the federal provinces for the implementation of energy-saving and environmental-
protection measures, which also include measures to promote the market deployment of
Renewables. On the European level, the preconditions for an “ecologisation” and
harmonisation of the Member States’ tax systems were created by the political consensus on
the “EU Energy Tax Directive”. Austria has already anticipated most of the required
adjustments with its new tax on coal and the increase in diesel tax.

Green Electricity Act

In the course of the gradual liberalisation of the EU’s internal energy market and the full
liberalisation of the Austrian energy market, the legal conditions for the generation of
electricity from Renewables have been further developed in the past years. The 2002 Green
Electricity Act introduces a uniform purchase and compensation obligation for “green
electricity facilities” for all of Austria. Green electricity facilities are based on solar energy,
wind, biomass, biogas, landfill and sewage sludge gas as well as geothermal energy and
particular types of wastes. By 2008, a share of 4% of these energy sources in the overall
supply of electricity to the end consumer (final consumption) has to be gradually reached. The
same support scheme is used for electricity production from small hydropower stations (<10
kW), whereby it was determined to raise their share in electricity generation to 9% by 2008.
The aim of measures is to reach the target share of 78.1% of the electricity generation from
Renewables of Austrian gross domestic consumption, as defined in the EU directive on the
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promotion of electricity from Renewables in the internal electricity market (2001). Other
changes include:

e The certificate system for small-scale hydroelectric power stations expired at the end
0f 2002.

e Asof 1 January 2003, there was no longer a quota obligation for the network operators
and no compensation payments.

e All operators of green plants have the right to a listing of the certification of origin by
the network operators.

e The electricity identification system, which specifies the source of energy used for
electricity generation on consumer bills, will be standardised after a transitional period
up to 1 July 2004 and then all electricity suppliers must identify a standard
composition on consumer bills (“standard dealer mix”).

The Act guarantees payment of feed-in tariffs for thirteen years at the following rates
(per kWh):

e Small hydro power, depending upon the amount of electricity fed into the grid: from €
0.0315 to € 0.0568 for existing plants, from € 0.0331 to € 0.0596 for refurbished
plants, from € 0.0378 to € 0.0625 for new plants.

PV: € 0.47 for plants > 20 kW peax, € 0.60 for plants <20 kWcak.

Wind: € 0.078 for new plants.

Geothermal: € 0.07.

Wood chips: € 0.102 to € 0.16.

Waste with high bio-share: € 0.027 to € 0.128.

Co-firing in fossil fuel plants: € 0.03 to € 0.065.

Bio-fuels: € 0.1 for plants > 200 kW, € 0.13 for plants <200 kW.

Biogas: € 0.0725 to € 0.165.

e Landfill gas: € 0.03 for plants > 1 MW, € 0.06 for plants <1 MW.

The actual situation concerning green electricity production and feed-in tariffs are
documented in Fig. 2.8 to Fig. 2.10. The average feed-in tariffs by green electricity production
are documented in Fig. 2.8. The green-electricity budget for 2004 was 301.924 million Euros
(Fig. 2.9) and budget for 2005 is estimated with 284 million Euros (Fig. 2.10).

Bio-fuels for the Transport Sector

Within the new Austrian legislation, biodiesel is added up to 5 % to the fossil diesel since
October 2005. This share is related to 440,000 tonnes biodiesel per year, from which 55,000
tonnes are produced in Austria up to now. Therefore, about 90% of biodiesel has to be
imported. It is the goal of the Austrian Energy Policy to produce the full requirements for the
Austrian Transport sector - with public support - in Austria latest in 2007.

Other Promotion Measures for Market Deployment of Renewables

In addition to “tax revenue” and “green electricity support”, the market penetration of
Renewables in Austria is supported by a large number of other promotion instruments as
housing and agricultural subsidies as well as financial support for business and industry. For
example, the market penetration of Renewables in housing (domestic, commercial and
industry) was supported by subsidies of about 50 million Euros in 2004. Also research



promotion funds of about 10 million Euros promoted activities in the field of Renewables in
2004 — from basic scientific work to market launch.

Federal grants and incentives for renewable energy producers such as firms, associations and
public entities are administered primarily by the “Kommunalkredit”. These federal grants
typically constitute 30% of eligible costs and are granted to entrepreneurs investing in small
hydro plants, modern biomass-based heating systems which include small networks for
district heating, biogas, sewage gas, geothermal systems, heat pumps, solar thermal above 10
m?, photovoltaic and wind installations. These grants can also be combined with financial
support from the local governments (“Lénder”) to cover 66% of costs.

Public Expenditures for Energy Research, Development and Demonstration

The public expenditures for Energy Research, Development and Demonstration (RD&D) in
Austria is illustrated in Fig. 2.11 for the time period 1977 — 2004. The maximum RD&D
budget was in the year 1985 with 33.548 million Euros, the minimum budget in the year 1990
with 10.000 million Euros. In 2004 the RD&D budget reached with 33.534 million Euros the
second best value.

Approximately 28.5% of Austria's federal energy R&D budget in 2004 was allocated
specifically to renewable sources (39.7% in 2003); Fig. 2.12a and Fig. 2.12b. The public
Expenditures for Renewable Energy RD&D are documented for 2003 in Figure 2.13a and
Figure 2.13b for 2004. This funding was split in 2004 to 75.4% for biomass, 8.4% for Solar
Thermal, 6.1% for Solar Electric (PV), 4.4% for Wind-energy, 2.9% for Geothermal and
2.8% for Hydro-power; Fig. 2.13b.

Summarising, by constantly stepping up Renewables in Austria a domestic sales market as
well as stable investment and innovation framework conditions for the further development of
Renewables was created. These favourable framework conditions in Austria facilitated not
only in the introduction of Renewables technologies to the market but also formed the basis
for the domestic economy to develop further internationally outstanding position in the areas
of Renewables technologies.

But the reasons for the positive market development for Renewables is not only the continual
promotion by means of Austria’s energy, research and promotional policies (including
subsidies), but also the traditionally strong environmental awareness of the Austrian citizens,
who have supported the idea of using Renewables right from the outset.



Contribution of Renewable Energy Sources to Total Primary Energy
Supply (TPES) in OECD and in Austria: 2003 and 2004
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Figure 2.1: Contribution of Renewables to total primary energy supply
In OECD-Member States: 2003 and 2004
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Figure 2.2: Contribution of Renewables to total primary energy supply
In EU-Member States: 2004



Average Annual Percent Change of
Renewables/TPES: 1990 - 2004
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Figure 2.3: Average annual change of Renewables to total primary energy supply
In OECD-Member States: 1990 - 2004
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Figure 2.4: Share of electricity production from Renewables In OECD-Member States:
2003 and 2004
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Share of Electricity Production from Renewable
Energy Sources in Europe 2004, %
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Figure 2.5: Share of electricity production from Renewables In EU-Member States:
2004
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Figure 2.6: Share of electricity production from “other” Renewables
In EU-Member States: 2004
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Green Electricity Production in Austria 2004
(Electricity Production by Eco-Power Plants)

Total: 5,433 GWh I

Small Hydropower

Biomass, solid,
and waste
5.76%

Biomass,gaseous
1.86%

Biomass, liquid

Digester and
sewer gas

Geothermal energy
0.04%

Solar energy, PV

Figure 2.7: Electricity production from eco-power plants In Austria 2004
(Source: E-Control)

Average Tariffs for Green Electricity in Austria 2004
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Figure 2.8: Average feed-in tariffs for green electricity production In Austria 2004
(Source: E-Control)
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Green Electricity Tariffs in
million Euro (net) in Austria 2004

Total: 301.924 million Euro I
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Geothermal energy Digester and Solaconai py

Figure 2.9: Green electricity budget In Austria 2004
(Source: E-Control)

Green Electricity Tariffs in million Euro (net)
in Austria

Estimates for 2005
Photovoltaic Other
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Hydropower 68 Mio €; 24%

57 Mio€;20% .o :
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Figure 2.10: Green electricity budget In Austria: Estimates for 2005
(Source: E-Control)
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Public Expenditures for Energy RD&D
in Austria: 1977 - 2004
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Figure 2.11: Public expenditures for Energy Research, Development and Demonstration
In Austria: 1977 — 2004
(Source: BMVIT-G. Faninger, 1977 — 2002, Austrian Energy Agency, 2003 —2004)
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Public Expenditures for Energy RD&D

in Austria 2003
Other _Cross Conservation
Cutting 20.3%
10.8% ;

Power & Storage

15.8% Fossil Fuels
1.8%
Fﬂl;?éeozr Renewables
39.7%

Total 2003: 24.982 Million Eurol

Figure 2.12a: Public expenditures for energy research, development and demonstration
In Austria 2003 (Source: BMVIT/Austria Energy Agency)

Public Expenditures for Energy RD&D

in Austria 2004
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22.4%
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Total 2004: 33.533 Million Eurol

Figure 2.12b: Public expenditures for energy research, development and demonstration
In Austria 2004 (Source: BMVIT/Austria Energy Agency)
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Public Expenditures for Renewable
Energy RD&D in Austria 2003
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Figure 2.13a: Public expenditures for renewable energy research, development and
demonstration In Austria 2003 (Source: BMVIT/Austria Energy Agency)
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Figure 2.13b: Public expenditures for renewable energy research, development and
demonstration In Austria 2004 (Source: BMVIT/Austria Energy Agency)
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3. The Competence of the Austrian Industry in
Renewable Energy Technologies

The promotion efforts resulted in the creation of a domestic sales market and stable
investment and innovation conditions for a further development of renewable energy
technologies.

The sector of industry constructing and producing the facilities for the use of renewable
energy sources is one of the fastest growing sectors in Austria. Sales, value added and
employments in the business sector of Renewable energy technologies are reported in /4/. The
following 9 renewable energy technologies which are relevant for Austria are analyzed and
documented: biomass (solid, gas and liquids), geothermal energy, small hydro power,
photovoltaic, solar thermal energy, heat pumps and wind power. For these technologies the
aspects of sales, value added and employment are estimated; Fig. 3.1 to Fig. 3.3. The results
of the study show the importance of these technologies for Austria. In the year 2004 sales in
the context of above specified technologies reach the value of 1.46 billion Euros. The
corresponding value added was 1.04 billion Euros. The total number of jobs (full time
equivalent) created by the production and installation of renewable energy technologies was
13600 and for this reason, these technologies have a strong impact on the national job market.
In addition 19.110 jobs were created through the use of the equipment, from which belong to
the employment of the biomass preparation for energy use.

The impact of renewable energy technologies on climate protection is also to point out. The
reduction of CO,-emissions caused by renewable energy technologies in Austria in the year
2004 was 11.9 million tons. Even in case of consideration of total life cycle emissions of
technologies there are remaining reductions of 10.8 million tons CO, /4/.

A moderate scenario for the year 2012 show, that there is a high additional emission saving
potential in Austria. In case of continuous political efforts for research and development and
the diffusion of technologies there can be a net reduction of CO;-emissions in 2012 of about
15 million tons. The fictitious monetary value of the savings in the year 2004 is equivalent to
216 million Euro and can be interpreted as an additional value added of renewable energy
technologies. Concluding from present study results, renewable energy technologies
developed to a multi dimensional and weighty factor in Austrian’s political economy. Beside
the economic and climate protecting effect these technologies show a lot of positive structural
effects.

Respective technologies are appropriate for decentralized applications and therefore a high
value for rural areas is implicated. Regionally created jobs, regional value added the reduction
of necessary transport of persons and goods and the increasing security of energy service
provision by decentralized units are some of the additional positive effects of renewable
energy technologies. In this sense renewable energy technologies provide a major
contribution to sustainable development of Austrians society. Austrians energy policy has the
big chance to force this development by supporting research and development and the
diffusion of these technologies.

Austrian enterprises are today technological pioneers on the worlds market, especially in the

area of solar collectors and components for hydro-power plants and photovoltaic Systems
(e.g. inverters). Austria also plays a pioneering role concerning the utilisation of biogas in
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large facilities that use energy crops as substrate. In the field of heat pump production,
Austrian companies assume a leading position concerning efficiency and quality.

Austria’s excellent position on the export markets constitutes a great opportunity for Austrian
companies and their employees.

The remarkable market development of renewable energy technologies in Austria has only
been possible because Austrian firms have in co-operation with research centres developed
cost-effective technologies, especially for solar thermal and solar electric (photovoltaic)
applications (including equipment like inverters, modules for solar cells) as well as wind
energy converters and advanced environmentally-friendly biomass heating systems with
optimised combustion technology. Especially test results led to technical improvements in
renewable energy technologies as well as the basis for a common standardisation.
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Sales, Mio Euros

Sales in the Business Sector of Renewable
Energy Technologies in Austria 2004
Without Hydropower Plants over 10 kW ;.ctricar
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Figure 3.1: The economy of renewable energy technologies: Sales
(Source: EEG-TU Vienna/WKO)
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Added Value, Mio Euros

Added Value in the Business Sector of

Renewable Energy Technologies in Austria 2004
Without Hydropower Plants over 10 kW ,.ctrical
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Figure 3.2: The economy of renewable energy technologies: Added value
(Source: EEG-TU Vienna/WKO)
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Jobs

Jobs (Full Time Equivalent) in the Business Sector of
Renewable Energy Technologies in Austria 2004
Without Hydropower Plants over 10 kW .joctricar
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In addition 19,110 jobs were created through the use of the equipment,

from which belong to the employment of the biomass preparation for energy use.

Figure 3.3: The economy of renewable energy technologies: Jobs
(Source: EEG-TU Vienna/WKO)
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4. The Role of Renewables in the Austrian Energy Supply

The Utilisation of Renewable Energy Sources has a long tradition in Austria - due to the
nature of its landscape. Since the middle of the 1970s, the contribution of Renewables to the
energy supply in Austria has been steadily increasing; Fig. 4.1 to Fig. 4.4. Fig. 4.3 illustrates
the market development of renewable energy supply in Austria from 1970 to 2003. All
Renewables increased during this time period. The market deployment of the “other”
Renewables from 1990 to 2004 shows Figure 4.4. There are a number of renewable energy
and waste sources which are considered to be economically viable or approaching economic
viability: hydro-power, solar-energy, geothermal-energy, wind-energy, solid biomass (fire
wood, wood/biomass waste), biogas (landfill gas, sewage sludge gas), and liquid bio-fuels, as
well as industrial and municipal solid waste.

Besides hydropower, biomass and solar energy - used in the different ways - and for some
places also wind energy are promising renewable energy sources for Austria. In 2003 the
share of Renewables in total energy consumption (supply) amounts to an average of about
21.1%, of which 9.4% is accounted to hydro power and 10.7% to “other” Renewables (Bio-
energy, Solar-thermal, Geothermal, Wind-energy, Photovoltaic); Fig. 4.5a and Fig. 4.5b.
Austria is amongst the leaders when it comes to using renewable energy sources both the
traditional and the “other” Renewables. About 93.8% of the contribution of “other”
Renewables is shared by bioenergy, followed with 2.3% by ambient heat, 1.9% by solar
thermal, 1.8% by wind-energy, 0.2% by geothermal and 0.02% by solar-electricity, PV; Fig.
4.6. The heat-/electricity output of solar-heat, solar electricity, wind-electricity and ambient
heat is shown in Figure 4.7a and the installed heat/electrical load in Figure 4.7b. At the end of
2004 the heat/power output reached 12,243 TJ and the installed heat/power load was 3,282
MW.

The electricity production in Austria in the year 2004 is documented in Fig. 4.8 to Fig. 4.14. The
total electricity production was in 2004 about 59,354 GWh, from which were produces 62%
from hydro-power plants, 37% from thermal power plants and 1% from Renewables and non-
renewable wastes; Fig. 4.8. To the electricity production in 2004 contributed 96.3% hydro-power
plants, 3.1% was produced from “other” Renewables and 0.6% from non-renewable wastes; Fig.
4.9. The gross electricity production from “other” Renewables to the electricity supply in 2004 is
shown in Fig. 4.10. About 1.210 GWh were produced. The electricity production from eco-
power plants reached 286 GWh in 2002, 375 GWh in 2003 and 941 GWh in 2004; Fig. 4.11.
The electrical capacity of electricity power plants with Renewables was in 2004 15,785 MW,
Fig. 4.12. Summarizing, the electricity production in Austria in the time period is illustrated in
Fig. 4.13a and b. Fig. 4.14a illustrates the gross electricity and heat production (CHP-plants) and
Fig. 14b the heat production by Renewables in 2004. Gross and final consumption of “other”
Renewables are documented in Fig. 4.15a and Fig. 4.15b. Production/gross energy consumption
of wood/wood waste/other solid wastes and of liquid bio-fuels is shown in Fig. 4.16a and Fig.
4.16Db.

The market deployment of Renewables in Austria has been quite successful. Larger
contributions of renewable energy carriers in total energy consumption require more activities
to reduce the energy demand within higher energy-efficiencies in all sectors of energy
consumption. Especially the substitution of fossil fuels by renewable energy sources should
be considered.

In terms of lessons learned, there was a certain tendency in the past to put too much emphasis
on high-technology solutions in the end-user sector. Experience shows that intermediate-
technology solutions which are reliable and easy to handle are of more importance, at least for
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near-term applications and commercialisation. Sufficient experience and operational data

exist now to ensure that renewable energy technologies are professionally designed and
installed to provide optimum performance.

Energy Consumption in Austria
1970 - 2004
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Figure 4.1: Gross energy supply In Austria: 1970 — 2004
(Source: Statistik Austria)
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Figure 4.2: Gross hydro- and other renewable energy supply In Austria: 1970 — 2003
(Source: Statistik Austria)
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Gross Renewable Energy Supply in Austria:

1970 - 2003

P
/\\/

350000
300000
— 250000 -
>
o
S 200000
=
7
> 150000
(o))
S
e
5 100000 -
50000 -
0
o N
N~ N~
22

<t © 0 O N
N M M~ 00O
D OO O O O
Ll o S

<t © © ©O N & © 0o o
© 0 W OO O OO & O O
O O O O O O O O O
™ Y ™ ™ - - - «—

-

OHydropower

O Solarenergy, Ambient heat,
Windenergy, Geothermal

[ Biomass and Biofuel

B Fuel Wood

E Solid Waste (Industrial and
Municipal)

2002

Figure 4.3: Gross Renewables energy supply In Austria: 1970 — 2003

(Source: Statistik Austria)
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Figure 4.4: Gross “other” Renewables energy supply In Austria: 1990 — 2004

(Source: Statistik Austria)
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Share of Renewables on

Gross Energy Supply in Austria: 1970 - 2004
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Figure 4.5b: Share of hydropower and other Renewables on energy supply In Austria:
(Source: Statistik Austria)



Contribution of "Other" Renewables
to Energy Supply in Austria 2004

Geothermal
Ambient Heat 0.23% Wind-Electricity
2.28% 1.78%
Solar-Electricity (PV)
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Solar Thermal
1.90%
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Total 2004: 93.79%
187,519 TJ

Figure 4.6: Contribution of ,,Other* Renewables to energy supply In Austria 2004
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Heat- and Electricity Output of Solar Energy-,
Wind Energy- and Heat Pump Technologies in Austria
2004

Solar-Heat

. . 29.1%
Wind-Electricity

35.6%

Solar-Electricity
(PV)
0.4%

Ambient Heat
34.9%

Total: 12,243 TJ/year

Fig. 4.7a: Heat-/electricity-output of solar energy-, wind energy,
and heat pump technologies In Austria 2004

Heat- and Electrical Load of Solar Energy-,
Wind Energy- and Heat Pump Technologies
in Austria 2004
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0,
Solar Electricity 59.0%
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Total: 3 282 MW

Fig. 4.7b: Heat-/electrical load of solar energy-, wind energy,
and heat pump technologies In Austria 2004
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Electricity Production in Austria 2004

Contribution of Hydropower and "Other" Renewables

Other
Renewables;
1209.530 GWh;
3%

Hydropower;
37 211.569 GWh;
97%

Total 2004:
38,421 GWh
=138,316 TJ

Figure 4.8: Electricity production from Hydropower and “Other” Renewables
In Austria 2004

Electricity Production in Austria 2004

Contribution of Renewables and Non-renewable Waste

Non-renewable

Other
Renewables; Wastes;
1 209.530 GWh; 225.871 GWh;
3.1% 0,6%

Hydropower;

Total 2004: .
38,647 GWh 37 21 ;-:gf/GWh,
=139,129 TJ 3%

Figure 4.9: Contribution of Renewables and Non-renewable wastes on electricity
production In Austria 2004
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Gross Electricity Production in Austria 2004
Share of "Other" Renewables
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Figure 4.10: Share of ,,Other* Renewables on electricity production In Austria 2004
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Figure 4.11: Green electricity production In Austria 2002 — 2004
(Source: E-Control)
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Electrical Capacity of Electricity Power plants
in Austria 2004
Share of Renewables
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Figure 4.12: Electrical capacity of power plants in Austria 2004: Share of Renewables
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Electricity Production in Austria: 1975 - 2004
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Figure 4.13a: Electricity production In Austria: 1975 — 2004
(Source: E-Control)
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Figure 4.13b: Share of power plants on electricity production In Austria: 1975 — 2004
(Source: E-Control)
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Gross Electricity and Heat Production
by Renewables in Austria 2004
CHP Plants
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Figure 4.14a: Gross electricity and heat production by Renewables In Austria 2004
(Source: Statistik Austria)

Gross Heat Production by Renewables
in Austria 2004
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Figure 4.14b: Gross heat production by Renewables In Austria 2004
(Source: Statistik Austria)
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Gross Consumption of
"Other" Renewables inIAustria 2004
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Figure 4.15a: Gross consumption of “other” Renewables In Austria 2004
(Source: Statistik Austria)

Final Consumption of "Other" Renewables
in Austria 2004
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Figure 4.15b: Final consumption of “other” Renewables In Austria 2004
(Source: Statistik Austria)
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Production of Wood/Wood Wastes/

Other Solid Wastes in Austria: 1990 - 2004
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Figure 4.16a: Production of wood/wood wastes and other solid wastes In Austria:
1990 - 2004
(Source: Statistik Austria)
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Figure 4.16b: Production of liquid bio-fuels In Austria: 1990 - 2004
(Source: Statistik Austria)

34




Gross Consumption of
"Other" Renewables in Austria: 1990 - 2004
Without Biofuels
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Figure 4.16¢: Gross consumption of “other” Renewables In Austria: 1990 - 2004
(Source: Statistik Austria)
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5. Development of Energy Supply in Austria

The development of energy consumption in Austria in the time period 1970 — 2004 is
illustrated in Fig. 5.1. Gross energy / final energy consumption as well as the contribution of
Renewables in energy supply increased: gross energy consumption with 75.02% (related to an
average annual change rate of 2.21%), final energy consumption with 90.51% (related to an
average annual change rate of 2.66%) and the contribution of Renewables in energy supply
with 146.29% (related to an average annual change rate of 4.30%); Fig. 5.1 and Fig. 5.2. Also
the share of Renewables in energy supply increased from 15.53% in the year 1970 to 21.86%
in the year 2004 (related to gross energy consumption) and from 21.50% in 1970 to 27.79% in
2004 (related to final energy consumption).

Even if Renewables production has increased remarkable since 1970, the share of Renewables
in energy supply did not growth at the same level. This means that Renewables just could
keep pace with the overall increase in energy demand but more needs to be done to expand
their shares in the fuel mix.

The gross-consumption of Renewables and wastes from 1990 — 2004 is shown in Fig. 5.3, and
the share of Renewables and wastes in the energy consumption in the year 2004 in Fig. 5.4.

The gross energy supply related to energy sources is shown in Fig. 5.5a for 2003 and in Fig.
5.5b for 2004. Oil is dominating with about 43%, followed by gas with 23% and Renewables
with about 21%. Fig. 5.6a and Fig. 5.6b illustrate the final energy supply for 2004 and 2004.

The gross energy consumption in Austria from 1970 to 2004 and related to energy sectors is
shown in Fig. 5.7a and in Fig. 5.7b. Fig.5.8a and Fig. 5.8b show the share of energy
consumption sectors in the year 2003 and 2004. The largest energy consumer with about 30%
is the transportation sector, followed from the production and household sectors with both
about 27%- 28%, the energy service sector with about 12% and the agriculture sector with
about 2.4%. The market development of energy supply in the different supply sectors is
illustrated in Fig. 5.9a, and in the year 2004 in Fig. 5.9b. The transportation sector is leading
with 31.8%, follows by space heating, air-conditioning and hot water preparation with 29.3%.

The total electricity supply was in 2003 62,916 GWh (Fig. 5.10a) and in 2004 64,776 GWh;
Fig. 5.10b. The grid losses are of about 5.2% to 5.3% and the internal electricity supply of
about 3.1% to 3.2%.

The market development as well as the electricity production in Austria from 1970 to 2004 is
characterized in Chapter 4.
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Energy Consumption, TJ

Gross- and Final- Energy Consumption
in Austria: 1970 - 2004
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The Change of Energy Consumption in Austria 1970 - 2004
Gross-, Final-Energy and Renewables Consumption
Energy Consumption, TJ

1970 1990 2004
Gross-Energy Consumption 796822 1052150 1394573
Final-Energy Consumption 575725 773760 1079718
Renewables Consumption 123770 210196 304829

Change in Energy Consumption, TJ
1970 - 2004 | 1970 - 1990 1990 - 2004

Gross-Energy Consumption 597751 255328 342423
Final-Energy Consumption 521069 198035 323034
Renewables Consumption 181059 86426 94633

Change in Energy Consumption, TJ
1970 - 2004 | 1970 - 1990 1990 - 2004

Gross-Energy Consumption 597751 255328 342423
Final-Energy Consumption 503993 198035 305958
Renewables Consumption 181059 86426 94633

Change in Energy Consumption, %
1970 - 2004 | 1970 - 1990 1990 - 2004

Gross-Energy Consumption 75,02 32,04 32,55
Final-Energy Consumption 87,54 34,40 39,54
Renewables Consumption 146,29 69,83 45,02

Average Annual Change in Energy Consumption, %
1970 - 2004 | 1970 - 1990 1990 - 2004

Gross-Energy Consumption 2,21 1,6 2,33

Final-Energy Consumption 2,66 1,72 2,98

Renewables Consumption 4,30 3,49 3,22
Share of Renewables , %

1970 1990 2004

Gross-Energy Consumption 15,53 19,98 21,86

Final-Energy Consumption 21,5 19,99 28,23

Figure 5.1: Energy consumption In Austria: 1970 — 2004
(Source: Statistik Austria)
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Energy Consumption in Austria
Changes 1970 - 2004
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Figure 5.2: Average annual change in energy consumption In Austria: 1970 — 2004
(Source: Statistik Austria)
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Renewables and Waste Consumption
in Austria: 1990 - 2004
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Figure 5.3: Renewables and waste consumption In Austria: 1990 — 2004
(Source: Statistik Austria)

Renewables and Waste Consumption
in Austria 2004

Ambient Heat

1.08% Non-renewable
Wastes
15.41%

Solar Electricity
0.01%

Hydro-Power

Wind Electricity 36.91%

0.85%

Geothermal
0.20%

Solar Thermal
0.90%

Bioenergy
44.63% — :
Total Consumption 2004:

394,073 TJ

Figure 5.4: Renewables and waste consumption In Austria 2004
(Source: Statistik Austria)
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Gross Energy Supply in Austria 2003, TJ

Electricity;

20,209 TJ; 1.5% Coal;
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Gas: Oil;
as; 593,438 TJ; 42.8%

319,481 TJ; 23.0%

Total 2003:
1 387,085 TJ

Figure 5.5a: Gross energy supply in Austria 2003
Related to energy supply sectors
(Source: Statistik Austria)

Gross Energy Supply in Austria 2004, TJ

Electricity;
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Coal;
165,834 TJ; 11.9%

Gas; Qil;
322,260 TJ; 23.1% 595,306 TJ; 42.7%

Total 2004:
1394,573 TJ

Figure 5.5b: Gross energy supply in Austria 2004
Related to energy supply sectors
(Source: Statistik Austria)
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Final Energy Supply in Austria 2003, TJ

Coal;
Electricity; 29,135 TJ; 2.7%
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Renewables;
119,753 TJ; 11.2%

Oil;
483,910 TJ; 45.2%

Gas: Total 2003:
183,768 TJ: 17.2% 1 070,517 TJ

Figure 5.6a: Final energy supply in Austria 2003
Related to energy supply sectors
(Source: Statistik Austria)

Final Energy Supply in Austria 2004, TJ
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District Heat;
54.091 TJ; 5,0%

Qil;
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Renewables;
119.190 TJ; 11,0%

Gas; | .

197.849 TJ; 18,3% Total 2004:
1,079.719 TJ

Figure 5.6b: Final energy supply in Austria 2004
Related to energy supply sectors
(Source: Statistik Austria)
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Gross Energy Supply, TJ

Share of Energy Sectors, %

Gross Energy Supply in Austria: 1970 - 2004
Related to Energy Supply Sectors
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Figure 5.7a: Gross energy supply in Austria: 1970 - 2004
Related to energy supply sectors
(Source: Statistik Austria)
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Figure 5.7b: Gross energy supply in Austria: 1970 - 2004
Share of energy supply sectors
(Source: Statistik Austria)
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Gross Energy Supply in Austria 2003
Related to Energy Supply Sectors
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Figure 5.8a: Gross energy supply in Austria 2003
Share of energy supply sectors
(Source: Statistik Austria)

Gross Energy Supply in Austria 2004
Related to Energy Supply Sectors
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Figure 5.8b: Gross energy supply in Austria 2004
Share of energy supply sectors
(Source: Statistik Austria)
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Gross Energy Supply, TJ
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Figure 5.9a: Gross energy supply in Austria: 1994 - 2004

Related to supply sectors

(Source: Statistik Austria)

Gross Energy Supply in Austria 2004
Related to Supply Sectors
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Electricity Supply in Austria 2003
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Figure 5.10a: Electricity supply In Austria 2003
(Source: E-Control)

Electricity Supply in Austria 2004
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Figure 5.10b: Electricity supply In Austria 2004
(Source: E-Control)
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6. Renewable Energy Sources and Technologies in Austria
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Renewable Energy Technologies in Austria
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6.1. Hydropower

Hydro-Power:

Hydro refers to potential and kinetic energy of water converted into electricity in
hydroelectric plants. Hydro includes also the output from pumped storage plants.

Hydropower Technologies in Austria
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Hydro-power is the most commonly used of all Renewables for power generation in Austria.
About 70% of the exploitable hydro-power sites have been harnessed. The exploitable potential
for hydro-power in Austria is estimated to be 58% of the present average electricity generation
per year. Some more “green” electricity production can be realised within rehabilitated,
modernized or redeveloped small hydropower plants.

Hydro-power is also one of the most cost effective sources of Renewables, and offers
significant benefits such as flood control, irrigation, potable water etc.

New technology developments in the area of hydro-power technologies have allowed the
efficiency of these plants to rise, while the environmental impact of them has been
significantly reduced. Small hydro-power plants can be used competitively as distributed or
captive power where there is sufficient resource, or as bulk power.

The market deployment of electricity production by hydro-power plants in Austria is shown in
Fig. 6.1 and Fig. 6.2, and the actual situation (end of 2004) in Fig. 6.3. The contribution of
hydro-power for electricity production was at the end of 2004 37,200 GWh (135,720 TJ),
from which were produced 85% from hydro-power plants > 10 MW, 7% 1 — 10 MW, 1%
smaller 1 M, and 7% production from pumped storage; Fig. 6.3. The installed hydropower
load is shown in Fig. 6.4a for the time period 1990 — 2004 and in Fig. 6.4b in detail from 1999
— 2004. Table 1 illustrates the gross electricity production by hydropower and “other”
Renewables in 2004.

More information about electricity production in Austria is provided in Chapter 4 and Chapter
5.
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Electricity Production by Hydropower in Austria:
1990 - 2004
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Figure 6.1: Electricity production by hydro-power plants In Austria: 1990 — 2004
(GWh) (Source: E-Control)
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Figure 6.2: Electricity production by hydro-power plants In Austria: 1990 — 2004
(GWh) (Source: E-Control)
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Hydro-Power Plants in Austria
Gross Electricity Production 2004
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Figure 6.3: Gross electricity production from hydro-power plants In Austria 2004
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(Source: Statistik Austria)

Installed Hydro-Power Load in Austria:
1990 - 2004

15000
14086
14000  —
13750
13000
12262
12000 -
11533 11648 11547
11024 11093 11181 11239 113%‘/0-—__‘/“_‘ v
10947 _,Q-——O'—‘"_ 11367 11444
11000 | ¢—— 36
10000
o - N I52) < 0 © ~ © o o - N © <
> o o o o o o o o o S o =) 1= o
o o =) =) o o o =) - =) =) =) =) =)
- - - - - - - - - - N N N N N

Figure 6.4a: Installed hydropower load In Austria: 1990 — 2004
(Source: Statistik Austria)
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Installed Hydro-Power Load in Austria:
1999 - 2004
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Figure 6.4b: Installed hydropower load In Austria: 1999 — 2004
(Source: Statistik Austria)

Gross Electricity Production by Renewables in Austria 2004

Power Plant MWhl/year Share, %
Hydropower 37.700.239 96,3322
Geothermal 1.976 0,0050
Solar Photovoltaics 11.307 0,0289
Wind 923.915 2,3608
Industrial wastes (non-renewable) 25.320 0,0647
Municipal Wastes (renewable) 86.819 0,2218
Municipal Wastes (non-renewable) 200.551 0,5125
Wood/Wood wastes/Other Solid Wastes 170.300 0,4352
Landfill gas 3.938 0,0101
Sewage sludge gas 4.248 0,0109
Other biogas 6.390 0,0163
Liquid Biofuels 637 0,0016
Total 39.135.640 100

Table 1: Gross electricity production by Renewables In Austria 2004
(Source: Statistik Austria)
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6.2. Bioenergy

Bioenergy:
Bioenergy is solar energy captured by plants through photosynthesis
and fixed in carbohydrate material.

S————T
30 WIS

Biomass Technologies in Austria
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The term “bioenergy” is used for biomass energy systems that produce heat and / or electricity
and “bio fuels” for liquid fuels for transportation. Bioenergy products are offered in form of
firewood, bark and wood chips from the forests and as remnants of the wood processing
industry. In many ways biomass can be considered as a form of stored solar energy. The
energy of the sun is “captured” through the process of photosynthesis in growing plants.
There is a vital difference between energy production from fossil fuels and from biomass.
Burning fossil fuels releases CO,, which has been locked up for millions of years in the
ground and will require many more millions of years to return back to the ground. By
contrast, burning biomass simply returns to the atmosphere the CO, that was absorbed as the
plant grew over a relatively short period of time and there is no net release of CO; if the cycle
of growth and harvest is sustained. Using biomass as a fuel means that carbon dioxide (CO,)
that was absorbed from the air while the plant was growing is released back into the air when
the fuel is burned. The system is said to be “carbon neutral”. Providing the balance is
maintained between the plant growth and biomass use, the system is sustainable and helps
combat climate change. On the other hand, deforestation cannot be considered “carbon
neutral”’. For managing eco-systems for bioenergy production good and environmental
sensible forest management is essential.

In reality bioenergy products are not strictly “carbon neutral” because energy is needed for
production and transport of fire wood, barks and wood chips. But the environmentally
relevant CO;-emissions are low compared with the CO,-emissions of fossil energy sources
(e.g. about 6 to 43 g CO,/kWh for solid biomass products compared with 247 g CO,/kWh
(gas) to 452 (lignite) g CO,/kWh). Bio-fuels depend on hydrocarbon fuels to the degree that
they are agriculturally produced, result in soil impoverishment and hence are neither really
carbon-free nor limitless. The issue requires further research to prioritise among them.

There are different categories of Bioenergy-products:

e Solid Biomass: Covers organic, non-fossil material of biological origin which may be
used as fuel for heat production or electricity generation. It comprises: fire wood,
wood wastes, other solid wastes.

e Fire Wood, wood wastes, other solid wastes: Covers purpose-grown energy crops
(poplar, willow etc.), a multitude of woody materials generated by an industrial
process (wood/paper industry in particular) or provided directly by forestry and
agriculture (firewood, wood chips, bark, sawdust, shavings, chips, black liquor etc.) as
well as wastes such as straw, rice husks, nut shells, poultry litter, crushed grape dregs
etc. Combustion is the preferred technology for these solid wastes.

e Biogas: A gas composed principally of methane and carbon dioxide produced by
anaerobic digestion of biomass, comprising landfill gas, formed by the digestion of
land filled wastes, sewage sludge gas, produced from the anaerobic fermentation of
sewage sludge, and other biogas, such as biogas produced from the anaerobic
fermentation of animal slurries and of wastes in abattoirs, breweries and other agro-
food industries.

e Liquid bio-fuels: cover bio-ethanol (ethanol produced from biomass and/or
biodegradable fraction of waste), biodiesel (a diesel quality liquid fuel produced from
biomass or used fried oils), bio-methanol (methanol produced from biomass and/or the
biodegradable fraction of waste), bio-dimethylether (a diesel quality fuel produced
from biomass and/or the biodegradable fraction of waste) and bio-oil (a pyrolysis oil
fuel produced from biomass).
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e Renewable wastes: Cover renewable industrial waste, municipal solid waste (waste
produced by households, hospitals etc.).

The market deployment of bio-energy consumption in Austria is illustrated for the time period
from 1980 until 2004 in Fig. 6.2.1. In 2004 about 175,882 TJ were produced from bio-energy,
from which 34.5% comes from fuel wood and also 34.5% from industrial waste, followed
with 19.2% from wood waste and 9.3% from other solid biomass; Fig. 6.2.2.

6.2.1. Solid Biomass

Solid biomass is defined as any plant matter used directly as fuel or converted into other
forms before combustion. Included are wood, vegetal waste (including wood waste and crops
used for energy production), animal materials/wastes, sulphite lyes (also known as black
liquor, this is sludge that contains the lignin digested from wood for paper making), and other
solid biomass.

The market deployment of consumption of fuel wood, wood waste and other solid biomass is
illustrated for the time period 1980 — 2004 in Fig. 6.2.3 to Fig. 6.2.5. Other Renewables and
waste are non-specified combustible Renewables and wastes associated with one or more of
the following four products: industrial waste, municipal waste, solid biomass and biogas.
Energy sources are reported as non- specified when national administrations are unable to
break down the data into the different products (especially in earlier years of the time series),
or when data are confidential.

The renewable solid waste consumption in Austria from 1980 to 2004 is documented in Fig.
6.2.6. Renewable municipal waste consists of the biodegradable part of municipal waste
products that are combusted directly to produce heat and/or power. It comprises waste
produced by the residential, commercial and public services sectors that is collected by local
authorities for disposal in a central location, including biodegradable hospital waste.

Renewable industrial waste consists of solid, liquid and gaseous products combusted directly,
usually in specialised plants, to produce heat and/or power and that are not reported in the
category solid biomass; Fig. 6.2.7.

Non-renewable municipal waste consists of the non-biodegradable part of municipal waste
products that are combusted directly to produce heat and/or power. It comprises waste
produced by the residential, commercial and public sectors that is collected by local
authorities for disposal in a central location, including non-biodegradable hospital waste; Fig.
6.2.8.

The market deployment of biomass-heating systems was actively supported by R&D efforts
to improve combustion technology for domestic heating, industrial process heat applications
and district heating. Also the operating comfort of biomass boilers could be improved by
features of full automatic operation and a similar comfort as oil or gas fired boilers: wood
chips and pellets boilers. Since 1989 about 4138 of biomass heating systems were installed in
Austria; Fig. 6.2.9a and Fig. 6.2.9b. The annual increasing rate of pellets boilers is since the
last three years more than 30% per year.
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6.2.2. Liquid Biomass

Liquid biomass includes fuels and bio-additives such as bio-ethanol, biodiesel, bio-methanol
and bio-dimethylether.

Along with the use of forestry products for bioenergy, agricultural biomass production has
also received significant attention. Most progress has been made in the field of biodiesel.

The shortage of mineral oil supply led to two major bio-fuel projects after 1979. The
construction of 80,000 t/year ethanol plant and the development of the biodiesel technology
were planned. Whereas the ethanol project could not be realized due to the changed economic
framework, the biodiesel project has developed successfully. Biodiesel has been examined in
collaboration with science, economy and administration in laboratories, pilot projects, on the
test bench and in fleet tests. Initially rape seed and sunflower oil were tested as raw materials,
but later on cost-efficient used frying fat was also used successfully. In recent years, a market
for neat biodiesel has developed.

In 1991 the world’s first industrial plant for the production of biodiesel at Mureck/Styria, was
founded. One of the main advantages of biodiesel production technique applied is its high
flexibility with regard to the quality of the raw materials used. Even low-cost used cooking oil
as well as animal fats may be processed without the addition of expensive and unused plant
fats. By-products such as glycerine and solid fertilizers that are created in the course of
production are sufficiently acceptable to be sold and thus contribute to the profitability and
economic efficiency of biodiesel production.

The biodiesel production in Austria is shown in Figure 6.2.10. The bio-fuel production in
2004 was about 28.000 tonnes.

6.2.3. Bio-gas
Biogas is derived principally from the anaerobic fermentation of biomass and solid wastes and
is combusted to produce heat and/or power. Included in this category are landfill gas and

sludge gas (sewage gas and gas from animal slurries) and other biogas.

Biogas has also received a lot of attention and the number of biogas plants is increasing both
in agriculture and in waste management.

The market deployment biogas consumption is shown in Fig. 6.2.11, from landfill gas in Fig.
6.2.12 and from sewage sludge gas in Fig. 6.2.13.

6.2.4. Installed Electrical Load of Bio-energy Products
The installed electrical load of wood/wood waste and other solid wastes in Austria is

illustrated for the time period 1990 — 2004 in Fig. 6.2.14 and for municipal wastes in Fig.
6.2.15.
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Figure 6.2.1: Bioenergy gross consumption In Austria: 1980 — 2004

(Source: Statistik Austria)
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Figure 6.2.2: Bioenergy gross consumption In Austria 2004

(Source: Statistik Austria)
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Energy Consumption, TJ/year
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Figure 6.2.3: Fuel wood gross consumption In Austria: 1980 — 2004
(Source: Statistik Austria)
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Figure 6.2.4: Wood waste gross consumption In Austria: 1980 — 2004
(Source: Statistik Austria)
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Other Solid Biomass
Gross-Consumption in Austria: 1980 - 2004
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Figure 6.2.5: Other solid biomasses gross consumption In Austria: 1980 — 2004
(Source: Statistik Austria)
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Figure 6.2.6: Renewable municipal gross consumption In Austria: 1980 — 2004
(Source: Statistik Austria)
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Industrial Waste
Gross-Consumption in Austria: 1980 - 2004
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Figure 6.2.7: Renewable industrial waste gross consumption In Austria: 1980 — 2004
(Source: Statistik Austria)

Non-renewable Solid Waste
Gross- Consumption in Austria: 1980 - 2004

6000 | 1]
= 2000: 2755 TJ |
£, 5000 1 2001: 2 806 TJ
l 2002: 3 047 TJ
£ 4000 2003: 3574 TJ
= 2004: 5100 TJ
€ 3000
=2
[72]
c
S 2000
>
2
S 1000
i
0
O ™ N M €« 1 O & 0 O © ™ N M & 1D O 0 O © ™ N 0 @
28833338533 388835338883388¢8¢

Figure 6.2.8: Non-renewable solid waste gross consumption In Austria: 1980 — 2004
(Source: Statistik Austria)
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Installed Heat Load, MW/year
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Wood Chips and Pellets-Heating Systems in Austria
Yearly Installed Heat Load: 1989 - 2004
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Figure: 6.2.9a: Market deployment of wood chips and pellets heating systems
In Austria: 1989 — 2004
(Source: Niederosterreichische Landwirtschaftskammer)
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Figure: 6.2.9b: Market deployment of wood chips and pellets heating systems
In Austria: 1989 — 2004
(Source: Niederosterreichische Landwirtschaftskammer)
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Biodiesel Production in Austria: 1994 - 2004
Tonnes per year
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Figure 6.2.10: Biodiesel production In Austria: 1994 — 2004
(Source: BLT-Wieselburg)
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Figure 6.2.11: Biogas gross consumption In Austria: 1980 — 2004
(Source: Statistik Austria)
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Figure 6.2.12: Landfill gas gross consumption In Austria: 1980 — 2004

(Source: Statistik Austria)
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Figure 6.2.13: Sewage sludge gas consumption In Austria: 1980 — 2004

(Source: Statistik Austria)
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in Austria: 1990 - 2004
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Figure 6.2.14: Installed electrical load of wood/wood waste and other solid wastes
In Austria: 1990 — 2004
(Source: Statistik Austria)
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Figure 6.2.15: Installed electrical load of municipal waste In Austria: 1990 — 2004
(Source: Statistik Austria)
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6.3. Solar Energy and Technologies

Solar Energy:

Solar energy is generated deep in the interior of the sun by nuclear fusion reactions,
is carried to its surface by high-energy radiation and then to Earth
and down through the atmosphere by sunlight,
that is electromagnetic radiation primarily in the visible and infra-red.

Solar technologies use solar radiation to produce both heat (Solar Thermal Technologies)
and electricity (Solar Electric Technologies, Photovoltaic).

Solar thermal and electric transformation inputs into heat and electricity production are
estimated on the basis of 100% efficiency (based on the IEA methodology that the first
energy form downstream in the production energy is considered the primary supply).

Photovoltaic Technologies in Austria

Solar Thermal Technologies in Austria
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6.3.1. Solar Heat and Solar Thermal Technologies

The conversion of solar radiation in heat occurs through collectors. There are two types of
collectors: non-concentrating and concentrating collectors. In case of non-concentrating
collectors the global radiation (direct beam and diffuse radiation) can be fully utilized. In case
of concentrating collector systems — parabolic and cylindrical collector type with point and
line focussing mirrors - only the direct beam of the radiation can be used by optical
installations with which the irradiation is concentrated on the absorber thus increasing the
intensity of radiation on the absorber. The concentrator is equipped with a tracking device,
which, in effect, ensures that it "follows the sun" continuously.

The choose of a collector-type depends from the application, e.g. the required temperature.
Flat-plate collectors operates at temperatures up to 150°C, concentrating collectors at
temperatures above 200°C, up to more than 1000°C for process heat and thermal electricity
production.

Concentrating collector systems are preferably used in regions with more than 2500 annual
sunshine hours.

Solar thermal systems for low- and medium temperature applications are mainly based on
non-concentrating collectors: selective coated flat-plate collectors and evacuated tube-
collectors. This type of collector allows the conversion of the global solar radiation and
therefore can be used also in regions with low direct solar radiation e.g. lower sunshine hours.
In Austria, flat-plate collectors are on the market. Typically applications are swimming pool
heating, solar heating and cooling of buildings, drying of crops — mainly biomass products -
and process heating below 200 °C.

The development of large-scale collectors with up to 15 m? absorber area has not only
reduced the costs for the collectors and for the installation but also the problems arising when
connecting the pipes by means of prefabricated collector modules were reduced by more than
30%.

With the rapid market development of solar thermal systems, new firms for collector
production were formed and the export rates increased in the last years remarkable.

Sustainable Solar Buildings

The hot water preparation in new buildings is today standard in Austria. In the area of
building renovation, solar systems for hot water preparation are attractive on the market.
Especially ineffective heating systems for hot water preparation outside the heating season
have been replaced by solar hot water preparation. Thus pollutant emissions through heating
(wood, coal, oil boilers) could be reduced and at the same time a high comfort in hot water
preparation could be reached.

The use of solar energy for space heating in buildings can be justified in the case of low
energy buildings (new buildings) with a maximum design temperature of the heating
distribution system of 40°C. Quite satisfactory technologies and approaches exist for heating
systems. Combined solar heating systems increased remarkable since 2001. Today, about
20% of the installed solar thermal systems are connected to the heating system. Favourite
solar combined heating systems are solar assisted biomass and ground-coupled heat pump
systems.
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Practical research in and demonstration of solar thermal systems in both new and renovated
buildings have resulted in a number of economical and marketable solutions with solar
thermal utilisation in the building sector: Sustainable Solar Buildings.

The market deployment of solar thermal collectors is shown in Figure 6.3.1.1 and the actual
solar collector area in operation in Figurer 6.3.1.2. Figure 6.3.1.1 illustrates the positive
market introduction of solar thermal systems in Austria. At the end of 2004 about 2.8 million
m? collector area were in operation, from which 77.5% are glazed collectors, 1.3% vacuum-
tube collectors and 21.2% unglazed plastic absorbers; Figure 6.3.1.2.

The development of useful heat output and the installed thermal load are shown in Figure
6.3.1.3 and Figure 6.3.1.4. At the end of 2004 about 3,561 TJ useful heat were contributed
from solar thermal systems to the energy supply in Austria; Figure 6.3.1.3. The installed heat
load of solar thermal systems in operation reached at the end of 2004 1,938 MW, Figure
6.3.1.4.
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Figure 6.3.1.1: Installed collector area In Austria: 1975 — 2004

(Source: G. Faninger)

Solar Collector Area in Operation in Austria 2004
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Figure 6.3.1.2: Solar collector area in operation In Austria 2004

(Source: G. Faninger)
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Solar Thermal Systems in Operation in Austria

Heat Output in TJ: 1990 - 2004
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Figure 6.3.1.3: Heat output of solar thermal systems in operation In Austria:
1990 — 2004 (Source: G. Faninger)
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Figure 6.3.1.4: Installed heat load of solar thermal systems in operation In Austria:

1990 — 2004 (Source: G. Faninger)
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6.3.2. Solar Electricity and Solar Electricity Technologies

Photovoltaic (PV) systems use semiconductor materials to convert sunlight directly into
electricity. They can be used separately or in hybrid form, in combination with another
generating option such as other Renewables or fossil fuels.

For Solar Electricity Systems (Photovoltaic Systems) there exist a number of market targets
for near-term and large scale opportunities. These include PV stand-alone and grid-connected
distributed generation, both in building-integrated configurations, and in utility support
configurations. Several different variants of solar PV technology exist (e.g. single- and
multicrystalline silicon, amorphous silicon, copper indium diselenide, cadmium telluride), and
it is currently unclear which will dominate in the future. Efficiencies as well as costs of PV
technologies increased in the last decade, but there is left a potential for further development,
especially for cost reductions.

An increasing market share for photovoltaic applications has been observed in Austria in the
last years. The future use of photovoltaic power generation systems in Austria is of special
interest in connection with grid-connected systems including, for example, small rooftop
installations. For the market deployment of small grid-connected photovoltaic systems, the
roof or facades of buildings will be preferred to central installations.

As there has been no extension to the 15 MW cap allocated to feed-in tariff support — which
reached in March 2003 — the only new initiates have been capital support grants funded by the
Provinces (“Lénder”). Upper Austria, with a grant level up to 65%, has had a reasonable
uptake, but similar measures in Vienna and Lower Austria with lower grant levels (up to
40%) have received no applications in 2004.

The market deployment of photovoltaic systems in Austria from the very beginning up to
2004 is shown in Figure 6.3.2.1. At the end of 2004 about 19,180 kW k) Were installed in
Austria, from which 86% are grid-connected and 14% stand-alone systems. The electrical
output is shown in Figure 6.3.2.2 for all installed PV-systems and in Figure 6.3.2.3 only for
grid-connected PV-systems. The annual electricity production from PV-systems was in 2004
12.818 GWh for all PV-systems, and 11.7 GWh (42,3 TJ) only for grid-connected systems.
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Photovoltaic Systems in Austria: 1992 - 2004
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Figure 6.3.2.1: Installed electrical load of photovoltaic systems In Austria: 1992 — 2004
(Source: G. Faninger)

Photovoltaic Systems in Austria: 1992 - 2004
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Electicity Production, TJ/year

Electricity Production from Grid-connected
Photovoltaic-Systems in Austria: 1992 - 2004

Figure 6.3.2.3: Electrical output in TJ of grid-connected photovoltaic systems
In Austria: 1992 — 2004 (Source: G. Faninger)

71



6.4. Geothermal Energy

Geothermal Energy:

Per definition, geothermal energy is the energy in form of heat below the earth’s surface,
usually in the form of hot water or steam.

It is exploited at suitable sites as well as for electricity generation using dry steam or high
enthalpy brine after flashing and directly as heat for district heating, agriculture etc.

Beside electric power generation, geothermal energy is today used in Austria for district
heating, as well as for heating (and cooling) of individual buildings, including offices, shops,
small residential houses, etc.

Promising areas for exploiting geothermal energy in Austria are only some areas in Austria:
South Styrian/Burgenland and Upper Austrian where some geothermal district heating systems
are situated.

The gross-consumption of geothermal energy from 1990 — 2004 is shown in Fig. 6.4.1, the final
energy consumption in Fig. 6.4.2 and the geothermal output in public heat/electricity plants in
Fig. 6.4.3. At the end of 2004 the gross consumption amounts to 793 TJ, the final consumption to
269 TJ and the total geothermal output in public heat/electricity plants was 524 TJ.

Gross Consumption of Geothermal Energy
in Austria: 1980 - 2004
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Figure 6.4.1: Gross geothermal energy consumption In Austria: 1980 — 2004
(Source: Statistik Austria)
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Geothermal Final Energy Consumption
in Austria: 1980 - 2004
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Figure 6.4.2: Geothermal final energy consumption In Austria: 1980 — 2004
(Source: Statistik Austria)
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Figure 6.4.3: Geothermal energy output from public heat/electricity plants In Austria:
1980 - 2004
(Source: Statistik Austria)
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6.5. Wind Energy

Wind energy:
Kinetic energy of wind exploited for electricity generation in wind turbines.

Atmospheric wind is created by sunlight, the energy of which is converted into
the movement of air via convection in the atmosphere and evaporation over oceans.

Wind Energy Technologies in Austria
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The market of today for Wind Energy Technologies is bulk grid power. This focus results
from the increasing size of the machines, which has come from the drive for increased
efficiency, as well as increased power output per installation.

With new technologies the market penetration of wind energy converters becomes successful
in the last five years.

The market for wind-power increased since 2001 and reached 606 MW ¢jecuric) at the end of
2004; Figure 6.4.1. The electricity production was in 2004 926 GWh, Figure 6.4.2, related to
3,334 TJ; Figure 6.4.3.
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Figure 6.4.1: Installed electrical load of wind-power In Austria: 1990 — 2004
(Source: 1G-Windkraft)
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Figure 6.4.2: Electricity production from wind-power In Austria: 1990 — 2004 (GWh)
(Source: E-Control/Statistik Austria)
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Figure 6.4.3: Electricity production from wind-power In Austria: 1990 — 2004 (TJ)
(Source: E-Control/Statistik Austria)
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6.6. Ambient Heat and Heat Pump Technologies

Ambient heat:

Renewable and locally available energy source from outside air, ventilation air, the ground,
water (ground, lake, sea, sewage) and from waste heat for the production of useful heat

Heat pump technologies:

Heat pump technologies different types are using the ambient heat for useful heat production.

Heat PumpTechnologies in Austria
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Heat pump technologies are widely used for the production of heat for space heating and/or
space cooling of residential and commercial buildings, water heating, refrigeration and
industrial processes. In many industrial processes, heat pumps are applied to recover process
waste heat.

Heat pump technologies use different heat source types. Ambient air, ventilation air, the
ground, water (ground, lake, sea, sewage) and waste heat can all be used as heat sources for
residential applications. Air is often used as the heat source for the reversible heat pumps
providing cooling in the summer as well as heating in the winter. In colder and moderate
climates, the ground is a very suitable heat source since its temperature is relatively stable
throughout the year. Ground-coupled heat pumps show increasing popularity in countries
such as Austria.

The performance of heat pumps is usually described as the Coefficient Of Performance
(COP), which is the ratio of useful heat produced to the drive energy of the heat pump. The
Seasonal Performance Factor (SPF) is the average COP taken over one heating season.
through ground ducts.

Heat pump technologies using the ambient heat as a renewable and locally available energy
source for the production of useful heat are generally environmentally attractive. The main
environmental impact of this technology is that they can reduce emissions by displacing some
fossil fuels through the energy production. Displacing emissions is seen as the most important
environmental benefit of heat pump technologies.

The market deployment of heat pump systems in Austria is positive and characterised in
Figure 6.6.1. At the end of 2004 about 154,283 heat pump systems were in operation, from
which 73.2% are used for hot water preparation, 24.9% for space heating, 1.3% for swimming
pools and 0.6% for air-conditioning; Figure 6.6.2.

The renewable energy source for heat pumps is ambient heat, which was utilised with 1,674
TJ in 1990 and with 4,273 TJ in 2004; Figure 6.6.3. The heat load of ambient heat, utilised by
heat pump technologies was at the end of 2004 719 MW (hermary; Figure 6.6.4.

Ambient heat - utilised by heat pump technologies - is besides solar radiation an interesting
energy source for heat production.
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Figure 6.6.1: Installed heat pump technologies In Austria: 1975 — 2004
(Source: G. Faninger)
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Figure 6.6.2: Installed heat pump technologies In Austria 2004
(Source: G. Faninger)
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With Heat Pumpes utilised Ambient Heat
in Austria: 1990 - 2004
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Figure 6.6.3: With heat pump technologies In Austria utilised ambient heat: 1990 — 2004
(Source: G. Faninger)
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(Source: G. Faninger)

80



References:

/1/

12/

/3/

4/

/5/

/6/

/7]

/8/

19/

/10/

Statistik Austria: Energiebilanzen 1970 — 2003.
Bittermann, W.: Statistik Austria. Wien, Januar 2005
http://www.statistik.at

E-Control: http://www.E-control.at

Bioenergy in Austria: Potential, Strategies, Success Stories.
Worgetter, M. et al.: BLT-Wieselburg, Austria. 2004
IEA-Statistics: Renewable Information 2005.

EA/OECD, Paris. June 2005

»lechnologien zur Nutzung Erneuerbarer Energietrdger - wirtschaftliche Bedeutung
fiir Osterreich®.

Biermayr et. All, TU Vienna, Energy Economics Group (EEG).

On contract of "Umbrella Organization Energy Climate Protection", Austrian Federal
Economic Chamber (WKO). November 2005

Austrian Energy Agency. Vienna

Der Thermische Solarmarkt in Osterreich 2004.

Faninger, G. University of Klagenfurt, Faculty for Interdisciplinary Studies,
Abteilung fiir Weiterbildung und systemische Interventionsforschung. April 2005.
http://www.uni-klu.ac.at/iff/wbi/inhalt/18.htm#energie und_umwelt

Der Photovoltaikmarkt in Osterreich 2003.

Faninger, G. University of Klagenfurt, Faculty for Interdisciplinary Studies,
Abteilung fiir Weiterbildung und systemische Interventionsforschung. April 2005.
http://www.uni-klu.ac.at/iff/wbi/inhalt/18.htm#energie und_umwelt

Der Wirmepumpenmarkt in Osterreich 2004.

Faninger, G. University of Klagenfurt, Faculty for Interdisciplinary Studies,
Abteilung fiir Weiterbildung und systemische Interventionsforschung. April 2005.
http://www.uni-klu.ac.at/iff/wbi/inhalt/18.htm#energie_und_umwelt

Biomasse — Heizungserhebung 2004.

Furtner, K. und Haneder, H. NO Landes-Landwirtschaftskammer,

Abteilung Betriebswirtschaft und Technik. Wiener Strafle 64, 3100 St. Polten.
Eigenverlag.

http://www.landwirtschaftskammer.at.

IG Windkraft-Austrian Wind Energy Association.
http:// www.igwindkraft.at.

81



82



ANNEX

Information on Energy Supply in Austria: 1990 — 2004

83



L0L'G
69v°Cl

€8G'vC

08v'c
109

008

4514
668°
Y95 vEL

€61
v002

021909
009°'€€€°€
000°926
¥96.0'0

08161
Loy
818zl
0L100'0

1892
698°¢
S20°)

€67'91
SlT'Ty
evi'LlL

¥6E6LL
0oz'elzy
000°/8LL
902010

Y0S€'8E6)
zlLose
7'686
90580°0

002

v.G°€
€68°L1

0

Lee
[44%

17

128
¥65°1
162 V€L

v6.
€002

000°GL¥
009°LLE'}
000°'99¢
8v1€0°'0

€€8°91
90.'0Y
L0€°LL
£6000°0

099'vL
116°1€
8e¥'0l

6€6°'€29
00Z'€00¥%
000ZLLL
19560°0

6€22'G881
8Y'60€€
€616
§06.0°0

€002

JA{VR
9280k

0

898°L
18¢

X4

8¢
€8¢
289611

1
200z

000'6€}
85¥'0€L
506202
Sv.10°0

L7E0L
8.2V
vvL'9
850000

¥86°L
188C
¥6.°0

1G€'8
lev'ie
056'G

251'6e9
008'2.L€
000°'8+0L
11060°0

06%'2GLL
0v¥'0L0€
006°258
¥E€€L0°0

2002

$00Z- 0661 :elISNY Ul 9)SEA\ d|emaual-uoN pue ABisuaolg

908 g6l'c c08'¢ §96°C

806'8 114 8656 €06°.

0 0 0 0

€08’} S9L'L AT 218}

€5¢ L€€ 0se yx4

Gl 6. viL SLL

638 1Y ves 12§

1€8°) 98G°L 889" 69¢'1L

€85°¢Cl €E9'LLL 8€L6L1 ¥€0'801

065 69G AR €8¢

1002 000¢C 6661 8661

000'v6 102°LL 020'vy 05°L€ 0Le'0z
206'619 yiE0re 200°Z8L €19'e9l 8812/
G6L'zLL ¥52'99 956°0S 8vy'Gh 612'0C
187100 ¥.500°0 GEY00'0 16£00°0 ¥.100°0
0zL'9 068y 209'c 198z 802'C
109'€} 18901 9v9°L 116G ford=i4
8LL'€ 096'C 17454 659'L 9s2'L
2€000°0 620000 810000 710000 110000
1G8°L LL9'L eLvL €1zl zIo'L
v.9°C 90V GE0T VAN 16¥°L
€VL'0 8990 G9S°0 S81°0 S0¥°0
€9Z'Y 6Lz'e 681°C 8v9'l 961°L
12601 lsz's L19'G vee'y 990°€
GE0'e 262 6GS°L €LL') 2680
2z’ v09 GIG'LLG GSY'GYS 6€8'GLY 799'6vY
00Z'685€ 008'v6€€E 000°0¥Z€ €87'9282 £00°1292
000°266 000°'€v6 000°006 ¥€1'G8. 9v6'LyL
€1680°0 801800 6€220°'0 152900 08€90°0
0.6°L€91 VAZ 441 08L'v0vL 269'80€L 99S°CLLL
02,2982 088°558¢C Lee'syve 085°€42¢ 99¥°2€02
00Z'G6L 00€°€6L 822'6.9 0SS°L€9 v.S'v9S
£€890°0 12890°0 018500 0E¥50°0 ¥S810°0

Lo0e 0002 6661 8661 1661

00Z- 0661 -elIsny ul A}1914399]3 pUIp pue A}1914)09|3-18|0S ‘JedH judiquiy ‘JeaH Jejos uo uoljewloju] ABiaug

€0°€
Lee8

0

098’}
14

169
ves
€92’
L9€LlL

0zz
1661

Lol'vey
1166162
998'669
810900

800°0201
686°C9LL
812'68Y
L1zv0'0

9661

78

156C
ove'6

cl8l
6€

899

L0€
y10°L
S0L €Ll

424
9661

08.°0
289'C
Sv.'0
90000°0

Log’L
819
1210
90000°0

859'86€
120'89€2
G8/°/S9
959500

81€£'898
LE8'EbYL
€56'VLY
895€0°0

G661

§gev'e
§00°L

0

98y’
Se

619
S61
678
61,901

€Ll
G661

0ze'0
080°}
00€0
€0000°0

€90°}
0v0‘z
1950
§0000°0

0L9'0
8.8'0
4740

€510
191}
€2€'0

9z8'eLe
£€25'0222
zi8'919
¥0€50°0

¥26°5CL
198°L¥TL
€96'7ve
996200

661

LLe7C
0.9

0

syl

0

8€9

88

9¢L
8.1°001

LGl
V661

‘lewayloan uo uonew.oju] ABiaug

¥0000°0

€270
6090
69L°0

9ve'0
1880
9¥Z0

0L¥'0LE
1650022
SL2'119
962500

181°019
S0Z'v¥0lL
150062
¥6¥20°0

€661

LEET
§109

6cv’lL

0

1€9

11

801
162°¥01

161
€661

0000
0000
0000
000000

6250
§96°0
8920
200000

€16'9€€
2921002
906'GSS
082100

166905
620198
220'0ve
¥9020°0

2661

191°¢
Ges'8

0
9€6'66

161
2661

0000
0000
0000
00000°0

0000
0000
0000
000000

000°0
000°0
000°0

0000
0000
000°0

¥G0'80€
6£8'6281
682'805
0L£10°0

ovL'60v
S9v'v69
106°261
65910°0

1661

1611
08l°L

0
6v.c0l

LGl
1661

0000
0000
0000
0000

0000
0000
0000
000000

0000
0000
0000

0000
0000
0000

618182
29E'v/91L
L0L'gov
666€0°0

166°22€
T82°9YS
SYLiLGL
GOELO'0

0661

L6V°)
999

0
66276

LGl
0661

(s1gemauai-uou) aysepn [edidunpy
(a]gemaual-uou) ajsep\ [elysnpul
9)JSEM\ d|gemaual-uoN

(sauuoy) sjenjoig ynbr

(a)geMaual) ajsep) [eddiuniy
seboig 1ayi0

seo) abpn|g

seo |lypue

ssewolg Wo. ses

M PIIOS J8U}O/8ISEA POOA/POO
KBiauaoig

|lewsayjoan)

(MIN) AyoedeD [ejo L
(rL) IndinQ [eooalg
(UMO) INdINQ [eOUIOB|]
(s0y)) Alddng ABiau3 Atewnd |B}o |
Ryouyoai3 puim
(MIN) AyoedeD [ejo |
(rL) IndinQ [eoujoe|3
(UMD) INdINO eOUIOBIT
(s0yN) Alddng ABiau3 Atewnd [ejo|
|ejo] ‘A)oly09|3 Jejos
(MIN) Anoede [ejoL
(r.L) IndinQ [eoupoel3
(UMD) INdINQ [eoL3o8I7
auoje-puelg
(MIN) Ayoeded [ejoL
(rL) IndinQ [eooal3
(UMD) INdINO [eoU3O8|3
p®joauuod-pus
Ayouyo9|3 sejog
MI ‘Anoede) [ejo] ‘JesH jusiquiy
(L) ¥eaH juaiquy
(UMD) JedH juaiquy
(s0)\) Alddng ABiau3 Atewnd |e}o |
JedH juslquy
(M) Aoede) [ejo L
(r1) IndinQ yeay
(UMD) INdINQ JeoH
(s0)) Alddng ABiau3 Atewnd |B}o |
jesH Jejos



Y€9'v9
16
Lecve
cov'6e
002

61209
G.€
[4°1*h74
¢62'Se
€002

129729
98¢
8¢€'0C
150°¢y
c00c

€G¢'¢9

9lv'0C
1E8°Ly
L00C

¢8

(-0188€°T) P03 88€T0000°0 = UMD 8LLT0O=CL 1

(;-01+9°8) 903IAl 9800000 = L 9°€=UMD |
AS19U7 J10J $1039%,] SUOISIIAUO))

86.°19 69€°09 LEV'LS 1G8°9G GE8 VS 18599 60€°€S
0/¢'8l €298l lcl'8l 19961 Gggc6l oLL'8l SLy'9l
8¢a'ey Ly 912'8¢ €6¢°'.LE 08g'Se 11v'8¢ ¥68°9¢
0002 6661 6861 L1661 9661 G661 661

v.9'CS

§S9'v1L
0c0'8¢
€661

081°LS

860'GL
280'9¢
2661

(UMD) 7002-0661 :BLIISNY Ul UOI}ONPO.Id 19MOd-041pAH uo uonew.oju] ABiaug

v8¥°LS

95.'8L
8¢clce
1661

€L¥'09

1c6L1L
4944
0661

|ejol
Ay1o11399|3 uselIn
Jlamod Jeway
J1amodoipAH





