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Germany is pursuing ambitious climate policy goals as a contri-
bution to the Paris Climate Agreement: greenhouse gas emis-
sions are to be reduced by 65 per cent by 2030 and by 88 per
cent by 2040 compared to 1990 levels in order to achieve
climate neutrality by 2045 and negative greenhouse gas emis-
sions after 2050. In comparison with the expansion of renewa-
ble energy sources in the electricity system, climate-friendly
restructuring of the heating sector has so far been lagging well
behind. The heating sector accounts for around half of Germa-
ny's primary energy consumption and is therefore a major cli-
mate protection lever. However, some two thirds of heat genera-
tion is still based on fossil fuels. In addition to renovation and
efficiency improvements reducing heating energy requirements,
the use of renewable energies will also have a vital part to play
in making the supply of heat climate-neutral in the coming
years.

Geothermal energy can make a significant contribution to
defossilising heat generation. Although geothermal energy's
share in renewable heat generation is currently still very low,
Germany's geological structures have great potential in particu-
lar for the use of deep hydro-geothermal energy. It is precisely
in urban areas with major heat demand that deep geothermal
energy can replace existing fossil fuels to a significant extent.
As a domestic energy source, geothermal energy can be easily
and efficiently integrated into heating networks, which already
exist in densely populated urban areas and will become
increasingly important as the heating transition required by
climate policy progresses. The already planned upgrades of
heating networks to “heating networks 4.0", which can be
operated at lower temperatures, will mean potential geother-
mal heat sources can be put to still more efficient use and
combined with other renewables such as solar thermal energy,
biomass or waste heat. In addition, geothermal technologies
can also contribute to supplying cooling, something which, in
the light of climate change, will in future become increasingly
important in particular in urban areas.

Geothermal energy is not only a climatefriendly and domestic
heat source that is independent of the seasons and weather and
expands the portfolio of possible options for climateSfriendly
heat generation. Harnessing geothermal technologies also of
fers the potential for underground storage of heat and cold in
suitable reservoirs, not only in the short term, but also seasonal-
ly. These storage options create additional energy system flexibil-
ity and can be combined with the use of largescale and
high-temperature heat pumps which can where necessary adjust
the heat from geothermal energy to required higher flow

At a glance

= Around two thirds of Germany's heat generation is
still based on fossil fuels.

= Geothermal energy is a domestic heat source that is
independent of the seasons and weather and ex-
pands the portfolio of options for climatefriendly
heat generation.

= Harnessing and exploiting geothermal potential for
heat supply is a possibility in large parts of Germany.
Geothermal energy also offers the possibility of stor
ing heat and cold underground not only in the short
term but also seasonally as part of an integrated ener-
gy system.

= Unlocking this potential requires the creation of a
suitable political and regulatory framework, such as
taking geothermal energy into account as part of
mandatory local government heat planning or cush-
ioning the financial risks of geothermal projects for
less financially strong local authorities.
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temperatures. Harnessing geothermal energy can therefore con-
tribute to tighter and more efficient coupling of the electricity
and heating sectors and make volatile wind and solar energy
more usable for the energy system. Existing examples of using
geothermal systems in urban areas show that it is possible to
make extensive use of such systems. They can be operated eco-
nomically and are widely accepted if the local population is ad-
equately involved during planning, construction and operation.

Technological developments in recent years have made it possi-
ble to hamess the potential of geothermal energy significantly
better than in the past. Sophisticated exploration methods allow
hydro-geothermal reservoirs to be identified more reliably, so re-
ducing hot water prospecting risks. Combined with detailed
monitoring and increasingly efficient drilling technology, this
distinctly improves the probability of geothermal projects being
technically and financially successful. Geothermal projects are
also benefiting from advances in largescale and high-tempera-
ture heat pumps, which can optionally be used and enable high-
ly variable feed-in temperatures and thus flexible integration of
geothermal energy into existing heating networks.

However, a suitable policy and regulatory framework is neces-

sary for making more intensive use of geothermal energy in the
heating sector. It is therefore essential to set the course of future
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developments today if geothermal energy is to be able to con-
tribute to the heating transition and the implementation of cli-
mate policy goals in Germany. One good opportunity for making
appropriate adjustments is the local government heating plan
that all local authorities must draw up by 2028 at the latest.
This planning process should focus more strongly and systemat:
ically on expanding heating networks and on the heat sources
they use. All levels of government, federal, federal state and
local, should ensure that geothermal energy is as standard
considered an essential element of the heat supply.

Carbon pricing in the heating sector and the expectation of rising
carbon prices generally act as a positive incentive for climate-neu-
tral energy sources and therefore also help to make the use of
geothermal technologies more economic. Nevertheless, high cap-
ital costs together with prospecting risks remain a major obstacle
to geothermal energy projects. Detailed exploration of geother-
mal potential and simplified access to existing geodata can help
to limit this risk. In the light of the high initial capital investment
involved, smaller, financially weaker players in particular might
be significantly more willing to hamess geothermal energy if the
financial risks were mitigated to a greater extent. Insurance
schemes to cover prospecting risks are already under discussion
and may receive government backing. They are a promising ap-
proach to boosting the use of geothermal technologies.
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The most important systems for exploiting the geothermal economic zone in nearsurface geothermal energy up to approx. 20°C,
medium-depth geothermal energy up to approx. 60°C, and deep geothermal energy (source: own presentation based on Helmholtz
Centre Potsdam - German Research Centre for Geosciences GFZ: Geothermie - Regenerative Wdrme aus der Erde, 2023.)



Overall, as with other climate-neutral energy sources, there is a
need for a federal level strategy that supports broad and sus-
tainable implementation of geothermal energy and is holistical-
ly integrated into the transformation of the energy system. This
requires long-term planning and investment in infrastructure,
including the expansion of heating networks and their transfor
mation into the low-temperature range.

This acatech STUDY takes a look at geothermal energy for heat
supply in urban areas, the associated requirements and oppor-
tunities, as well as the challenges and reservations among the
public. Sections 2 and 3 discuss the technologies and various
options for use as well as the underground as a source of

energy. This knowledge and prior experience in the implementa-
tion of geothermal projects provide the foundation for the dis-
cussion of the potential of geothermal energy and its possible
applications for defossilising heat supply in section 4, including
its ability to make a major contribution to boosting energy sys-
tem efficiency by coupling electricity and heat supply by the use
of geothermal storage. Section 5 examines related economic
aspects and acceptance issues. Section 6 describes national and
international examples of the use of geothermal technologies in
urban settings. Finally, section 7 outlines the political areas of
action that are essential if geothermal energy is to be able to
make a well integrated, beneficial contribution to the energy
system's transition.
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