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As arenewable energy source, geothermal heat has the potential
to play a key role in climate-neutral heating. Austria’s potential for
harnessing geothermal heat and the possible ways it could be used
in pioneering energy concepts are currently being studied and
tested in various pilot projects.
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Geothermal heat

Technologies and potentials
for the energy supply of tomorrow

District heating and hot water supply account for around a third of Austria’s energy
consumption and some 20% of its CQ, emissions. If the country is to meet its target of
achieving climate-neutrality by 2040, then the "heating transition” - the shift to renew-
able energy sources in the heating sector - needs to be accelerated. Alongside biomass
technologies, district heating and direct solar energy, geothermal energy also has the
potential to become a major component of the energy system of the future.

Heat strategy for Austria

Representatives of all nine federal states are currently working together with the Federal Ministry
for Climate Action, Environment, Energy, Mobility, Innovation and Technology (BMK) and the
Federal Ministry of Finance (BMF)to formulate a heat strategy for Austria. In accordance with a
resolution by state energy ministers, backed by state governors, the target of decarbonising the
heating of buildings (residential and non-residential) by 2040 is to be met by switching to renew-
able energy sources. This shift to renewables will involve biomass, solar energy, geothermal
energy and ambient heat, amongst other sources. The heat strategy for Austria prepared by the
federal government and federal states is also to focus on further reducing energy consumption.

HARNESSING HEAT FROM THE EARTH

The term “geothermal heat" refers to the heat energy that is stored below the solid
surface of the planet in layers of rock and earth and in underground reservoirs of water.
Geothermal energy technology is a sustainable, environmentally friendly way to har-
ness these heat sources. The heat stored underground can be used to provide heating
and cooling, to generate electricity or in combined heat and power (CHP) plants and is
particularly suited to local energy supply concepts. The technology is also becoming
increasingly important for the seasonal storage of heat underground. Essentially, a dis-
tinction is made in geothermal heating between low-temperature applications (source
temperature <30°C), which are generally supported by heat pumps, and direct heat
applications with temperatures over 60°C.

NEAR-SURFACE GEOTHERMAL ENERGY

Near-surface geothermal energy involves heating or cooling energy being generated
from the top layers of earth and rock using geothermal probes or surface collectors

or by making direct use of the thermal groundwater. This can go down to a depth of
roughly 400 meters, with temperatures around 30°C. Geothermal probes and collectors
are pipeline systems containing circulating water that enable heat to be extracted from
or fed into the sail. This is then coupled with a heat pump system to provide district
heating and hot water or to cool buildings. If there is a body of thermal, i.e. heated,
groundwater near the surface (outside groundwater source protection zones), then this
heat can also be utilised directly. Geothermal heat can thus help to replace fossil fuels
for providing heating and cooling.

"https://faktencheck-energiewende.at/fakt/ohne-waermewende-keine-energiewende
?Economic growth and employment from investing in renewable energy sources,
JKU Linz Energy Institute, Linz, October 2020
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Economic effects

A study ? by the Energy Institute at
Johannes Kepler University Linz assessed
the effects of investing in renewable
energy sources on economic growth and
employment. A scenario involving additional
growth of around 3 TWh per year in the
years until 2030 was considered for near-
surface geothermal energy. Taking into
consideration the assumed expansion
trend and the resulting investments and
substitution of fossil energy imports, this
indicated that over 12,000 new jobs could be
created along with an extra EUR 0.9 billion
in GDP by 2030. The simulations for
hydrothermal energy assumed additional
growth of 2.1 TWh in the years until 2030 for
both seasonal heat accumulators and the
use of naturally occurring hot springs for
direct heating and electricity. This would
result in over 2,000 new jobs and an extra
EUR 0.1billion in GDP in 2030.



DEEP GEOTHERMAL ENERGY

Deep geothermal energy systems draw heat from a depth of
around 1,500 to 5,000 meters, where temperatures can ex-

ceed 60°C. There are two types: hydrothermal systems, which
transport the energy stored in warm to hot thermal water, and
petrothermal systems, which exploit heat from rock strata far
below the surface that carry little or no water. The heat from
deep underground can be used to generate both heat and elec-
tricity. With a hydrothermal system, hot water is transported to
the surface up a deep well. The thermal energy passes through a
heat exchanger and into a district heating network, for instance,
before the cooled water is fed back underground. A petrothermal
system requires tightly packed strata of sedimentary or crystal-
line rocks far below the surface at temperatures in excess of
150°C. The heat inside the hot rock is harnessed by breaking
open a large number of small fissures in order to create channels
through which water can be pumped. The heated water that cir-
culates through this newly created system of fissures is brought
up to the surface through a supply well and transported back
into the reservoir rock via an injection well.

USE IN AUSTRIA

Some 90,000 geothermal heat pump systems are currently

in operation in Austria, generating a total of around 2.3 TWh
of heat(including the electrical part of the heat pump). There
are also ten heat generation plants in the country at present
that make direct use of naturally occurring bodies of thermal
water, generating roughly 300 GWh of heat in total. Two sites
also use heat to generate electrical energy in the amount of
some 2.5 GWh_ . Cooling is also playing an increasingly im-
portant role amongst the low-temperature geothermal energy
applications, although no corresponding market figures are yet

Geothermal energy is an incredibly versatile yet sleeping energy giant that now needs

to be woken up. The IEA's 2020 Energy Technology Perspectives® show that climate-
neutrality cannot be achieved by 2050 without harnessing geothermal energy to provide
heating and cooling for homes, buildings and industry. Likewise, Europe’s Green Deal can
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available. Petrothermal energy generation requires significant
research, and no pilot plants have yet been set up in Austria.

POTENTIAL BY 2040

According to various studies, the following amounts of heat

could technically be generated from geothermal energy in

Austria in the years until 2040*:

> Near-surface geothermal energy: 15 TWh from low-tempera-
ture geothermal energy applications, including heat accumu-
lators. This will be limited by the availability of open spaces for
the installation of geothermal energy systems and of special-
ist service providers (drilling companies, planning firms)

> Deep geothermal energy: 9.2 TWh from high-temperature
geothermal energy applications, including heat accumulators.
This includes using hot springs that have already been identi-
fied as well as setting up initial pilot systems to exploit hot
rocks that carry little or no water (hot dry rock technology).

As well as using geothermal energy to generate heat, it is esti-
mated that 0.7 TWh_ of electrical energy could be produced by
CHP plants.

In this edition, we present some current projects for the explo-
ration of geothermal energy in Austria from the programmes
adopted by the Federal Ministry for Climate Action, Environment,
Energy, Mobility, Innovation and Technology (BMK)and the Cli-
mate and Energy Fund. @

Geological Survey of Austria, www.geologie.ac.at
Verein Geothermie Osterreich, www.geothermie-oesterreich.at

Swww.iea.org/reports/energy-technology-perspectives-2020

only be implemented if geothermal energy is both more widely used and more integrated into local,
regional and national energy systems, especially in combination with underground energy storage.
Research and innovation help to cut costs, increase value added and bring more industry players
to the development and utilization of geothermal energy. Austria has strong national competences "
in the geothermal value chain, which can also be deployed on the international stage. And,
conversely, Austria’s key players can learn lessons quickly and efficiently from the experience
gained at European and international level so that geothermal energy can play its role to achieve a
climate-neutral Austria.”

Photo: private

Gunter Siddigi
(former) Energy Research at the Swiss Federal Office of Energy and
Chair of the IEA Renewable Energy Working Party
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The Geological Survey of Austria is involved in various ongoing
projects researching the use of geothermal energy in Austria.
What role can geothermal heat play in ensuring sustainable
heating in the future?

What makes geothermal energy particularly effective is its ver-
satility: it can be used in thermal processes ranging from under
10°C (cooling) to over 150°C (generating electrical energy). How-
ever, sustainable and environmentally friendly heating makes
by far the largest contribution to the energy supply. Geothermal
energy has also begun to play a much more important role in
large-scale seasonal heat storage in recent years.

There are several significant areas of application as far as sus-

tainable heating is concerned:

> Air conditioning for larger buildings or renovated properties
with thermal loads of over 20 kW

> Connecting up several buildings or whole sites into so-called
anergy networks, in which geothermal energy - particularly
geothermal probes - are used primarily as seasonal heat stor-
age systems

> Environmentally friendly cooling using geothermal energy,
with the waste heat generated subsequently recovered
for use in heating

> Conventional heating networks supported by geothermal
energy at temperatures ranging from 50°C to 100°C in
conurbations

> High-temperature geothermal energy storage systems (up to
approx. 90°C)in combination with conventional heating
networks (geological heat accumulators)

> Efficient CHP combined with geological heat accumulators
(where there are hot springs over 100°C)
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One particular application scenario involves reusing redundant
oil and natural gas probes, especially since there are currently
more than 1,000 of these wells left in Austria. The heat, thus gen-
erated could be used, for example, in agriculture (e.g. for heating
greenhouses).

How can the existing resources be best used? Where do you
see the greatest need for more research and development?

The use of geothermal energy has a high application potential,
particularly in urban areas, as this technology takes up little
space on the surface and does not generate any emissions
(exhaust gases, noise or waste heat). All forms of geothermal
energy can also be combined with heating and cooling networks.
Therefore, there is a need for R&D to improve the integration of
geothermal energy into urban heating and cooling concepts. Be-
sides technological developments (e.g. low-carbon, space-sav-
ing drilling techniques), this includes above all the development
of planning and analysis tools to be able to manage the resource
of geothermal energy in urban areas in the best possible way and
minimise environmental impacts. A suitable legal framework
also needs to be created to accompany the research.

Further R&D is needed on the construction of geological heat
accumulators and the application of petrothermal technologies
(e.g. hot dry rock). The major benefit of petrothermal energy

is that it is less dependent on the geological environment,
particularly the presence of hot springs, and could be used to
complement the traditional hydrothermal energy in the future.
There is still a lack of pilot and trial systems in Austria for both
high-temperature geological heat accumulators and petrother-
mal energy generation. It is important to set these up over the
next ten years.



Manage_ GeoCity

PROJECT

Using geothermal heat efficiently in urban spaces

Led by JOANNEUM RESEARCH,' the Manage_GeoCity project
devised a method for the coordinated use and management of
near-surface geothermal heat based on the model region of
Graz. Inurban areas, the presence of numerous heat sources
(e.g. waste heat from underground urban structures) often
causes the subsurface and groundwater to heat up, which can
impair groundwater quality. At the same time, this underground
heat offers significant potential for heating and cooling in towns
and cities. Extracting heat for heating and cooling purposes also
has a cooling effect. However, the uncoordinated use of geo-
thermal heat by many different small systems quickly results in
mutual interference and inefficient, unsustainable management.

Manage_GeoCity focused on heating and cooling applications as
well as the seasonal storage of heat in urban areas. Its analyses
considered groundwater flows, different geological conditions,
heating and cooling requirements, the heat produced by solar
panels and industrial waste heat, and options for seasonal
underground heat storage.

CASE STUDIES FROM THE GRAZ MODEL REGION
Underground zones presenting favourable conditions for near-
surface geothermal heat without water extraction and for the
use of thermal groundwater were identified in the Graz model re-
gion. Analyses of heating and cooling requirements were carried
out in three case studies, and the heating and cooling potential
of the subsurface was compared and evaluated from a technical,
economical and environmental perspective. Simulations made

it possible to analyse the extent to which extracting and storing
heat would influence underground temperatures. The method
also takes account of any existing thermal load underground as
well as the underlying water management conditions, thus laying
the foundations for geothermal heat to be used efficiently and
sustainably in urban areas. It can be taken as the basis for future
usage and management plans and applied to other towns and
cities.

PROJECT PARTNERS:
JOANNEUM RESEARCH Forschungsgesellschaft mbH (project management),
Grazer Energieagentur Ges.m.b.H.

OUTCOME OF THE PROJECT

The results of the simulations for the two case studies involving
groundwater-based geothermal energy show that using heat
pumps for heating purposes can cool the groundwater signifi-
cantly. The case study involving a field of geothermal probes
revealed only a limited impact on the surrounding soil, with no
major changes in temperature within a 50-meter radius. The en-
vironmental assessment makes it clear that, in the case of heat
pump systems, the way the electricity is produced has a decisive
influence on total greenhouse gas emissions. Scenarios using
the Austrian electricity mix (with a high percentage of renewable
energy)indicate a 75-85% reduction in greenhouse gases com-
pared with fossil-fuel heating systems. Further optimisation of
the systems is necessary to improve efficiency in terms of both
investment costs(e.g., number and depth of the geothermal
probes)and the temperatures required to heat buildings, which
have a major influence on heat pump efficiency and thus on
electricity costs. @

https://nachhaltigwirtschaften.at/resources/sdz_pdf/
berichte/schriftenreihe-2018-35-manage-geocity.pdf
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PROJECT

GEOTIEF

“Pulse vehicles” for carrying out 2D seismic measurements in the regions of Vienna and GroB-Enzersdorf,

photo: Wien Energie/Christian Hofer

Studying the potential for harnessing geothermal

energy in the Vienna Basin

Implemented by Wien Energie together with numerous partners
from science, research and industry,' the GeoTief project is con-
cerned with systematically studying and measuring the geologi-
cal subsurface in the Vienna Basin. GeoTief is Austria’s largest
geological research project and is regarded throughout Europe
as a shining example of integrated research in this sector. The
aim is to put a figure on the potential value of deep geothermal
energy for heating the greater Vienna area and thus aid decision-
making for future heating projects.

Hydrothermal energy, i.e. the use of hot springs deep below the
surface, is alocal, renewable and environmentally friendly ther-
mal energy source and can be harnessed as a feed-in system for
district heating networks that is capable of providing baseload
power. The City of Vienna's strategies (e.qg. its Energy Framework
Strategy 2030%) name hydrothermal energy as an important sus-
tainable technology for the future.

POTENTIAL FOR SUPPLYING HEATING

The Vienna Basin is believed to hold between 40% and 60% of

the estimated usable capacity of this form of energy in Austria
(450-700 MW of thermal energy).® At the same time, the Vienna
conurbation is home to one of the biggest district heating net-
works in Europe. Geothermal energy could play a major role in

further increasing the percentage of district heating generated
from renewable energy sources and making Vienna's existing
district heating network even more efficient and sustainable.
Wien Energie has set itself the target of installing 140 MW of
geothermal energy by 2030, enough to supply 135,000 homes
and save up to 260,000 t CO, per year. The GeoTief project
creates the scientific basis to underpin this ambition.

SEISMIC MEASUREMENTS

At the heart of the project are two phases of seismic measure-
ments. As part of the GeoTief BASE (2D) project, seismic 2D
measurements were taken in a densely built-up urban area in
2017 to explore the deep subsurface in detail - the first time this
had been done in Austria. Building on this, the follow-on project
GeoTief EXPLORE (3D) conducted comprehensive 3D seismic
measurements in autumn 2018. These measurements were only
done on the Earth's surface.

For decades, seismic measurements have been carried out all
over the world in order to explore the geological structures and
rock strata that exist beneath the surface. Reflection seismo-
logy is a technique used to map the depths and geometries of
the boundaries between geological strata in the interior of the

"PROJECT PARTNERS: Wien Energie (project management), AIT Austrian Institute of Technology GmbH, Geological Survey of Austria(GBA), Geob, Heinemann
0il (HOL), University of Leoben, OMV, RAG Austria AG, University of Vienna, University of Salzburg, Central Institute for Meteorology and Geodynamics (ZAMG)

2 https://www.wien.gv.at/stadtentwicklung/energie/energierahmenstrategie-2030.html

S GeoEnergie 2050, http://www.energieforschung.at/projekte/700/potenzial-der-tiefengeothermie-fuer-die-fernwaerme-und-stromproduktion-in-oesterreich



