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… that is how the invention process in the
search for „renewable energy“ could be re-
written in a figurative sense.
The energy turnaround, with regard to limited
resources such as coal, natural gas and oil, as
well as the ecological and economic challenge
presented, is currently at the top of the
world’s agenda.
The approaches and system solutions offered
under the banner of climate change, associat-
ed with the possibilities of resource efficiency,
can be discovered in the following articles.

Can Bavaria make a contribution to global
sustainable water management?

What support is there for innovative
environmental and energy projects?

How does the „Energy Atlas Bavaria“ sup-
port the potential of future plants and their
planning framework with information?

Which promising perspectives are offered
by small and medium-sized enterprises
with regard to energy efficiency?

What form does base-loadable hydro-
electric power of the future take?

Which role is played by the Geothermal
German Federal Association and Economic
Forum in interdisciplinary experience
sharing?

Why is electricity from geothermal energy
so successful all over the world?

How are geothermal plants put into opera-
tion and run safely?

Find out about new environmental and energy
technologies!

Walter Fürst, Managing Director

Editorial

More certain than uncertainty …
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A glimpse into the future
today: showcased by the
IFAT trade show. From 5 to
9 May the world’s largest
trade fair for environmental
solutions opens its gates
again to welcome thousands
of visitors to tomorrow’s
world. Once again the
Who‘s Who in the environ-
mental technology sector
presents state-of-the-art high-
lights and fascinating soluti-
ons for a responsible use of
our natural resources. Re-
thinking water, sewage, waste
and raw materials manage-
ment, offering holistic solu-
tions for a sound and secure
livelihood for people all
over the globe: this is the
mission of over 3,000 ex-
hibitors at the show. As
Bavarian State Minister for
the Environment and Con-
sumer Protection I am
proud that the IFAT has its
home in Bavaria. It is there-
fore a pleasure and also an
honour to take on the patron-
age for the IFAT 2014.
New environmental techno-
logies provide the answer to
one of the pivotal questions
of our century – the ques-
tion on how industrial so-
cieties can organise their

value-adding processes in a
resource-saving and sustain-
able manner. By the year
2050 the world‘s population
will have increased from
seven to nine billion. In
industrialised countries the
number of people is even
going to triple. Our natural
resources, on the other
hand, are declining. We all
know very well that our
economic strength and our
level of prosperity cannot be
maintained in the long term
with conventional patterns
of production and consump-
tion. We need the innova-
tive drive and the creative
power of environmental tech-
nology. This technology shows
the way into a new indus-
trial age. An age in which
growth and the use of natu-
ral resources are effectively
decoupled, reconciling the
spheres of economics and
ecology.
The Bavarian State Govern-
ment adopted this approach
many years ago. Bavaria’s
environmental policy stands
for safe, clean drinking wa-
ter and for efficient recyc-
ling. The turnaround in the
Bavarian policy combines
greater efficiency of natural

resources with their substi-
tution by secondary raw
materials. It is our clear and
explicit goal to expand our
lead over other industri-
alised countries in the effi-
ciency of resource usage: in
respect of creation, respon-
sibility towards future gene-
rations and in close collabo-
ration with innovative com-
panies in the environmental
sector. I would like to thank
all exhibitors at the IFAT
2014 for their commitment.
I thank all those who are
responsible for organising the
event and also, of course, all
visitors for their interest. All
participants understand and
are aware that environmen-
tal technology is technology
for the future. With this in
mind I wish everyone a suc-
cessful IFAT 2014! 

Dr. Marcel Huber MdL

Bavarian State Minister for the Environment

and Consumer Protection
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The new European Framework
Programme for Research and
Innovation, Horizon 2020, was
launched on January 1, 2014. It
replaces the Seventh Framework
Programme for Research (FP7),
which supported European re-
search and development projects with
approximately EUR 53 billion
over the past seven years. Horizon
2020 has earmarked approximately
EUR 80 billion – a substantial part
of which is allocated for the fields
environment and energy across
Europe. That means scientists and
enterprises from the Free State of
Bavaria will also have new, promis-
ing opportunities, for instance, to
develop innovative products.
Based on the experience gained
from FP7, the European Commis-
sion has optimized the new fund-
ing programme: Horizon 2020 is
simpler, financially more attractive
and closer to the market. It covers
the entire innovation chain, ex-
tending from fundamental research
through to market launch. The goal
is to promote promising projects,
excellent research work and the
development of innovative products.
The new Framework Programme

is part of the Europe 2020 growth
and jobs strategy. The EU has
started this flagship initiative that
aims to promote intelligent, sus-
tainable and integrative growth
over a ten-year period in order to
strengthen and expand Europe’s
position in terms of international
competition.

Three Pillars as Base of the

new EU Funding Programme

Horizon 2020 is built on three
pillars: excellent science (1),
industrial leadership (2) and
societal challenges (3). The first
pillar encompasses measures that
are aimed to increase excellence
in science. That includes both
promoting individual scientists
and furthering mobility as well as
infrastructural measures to devel-
op transnational cooperation and

exchange programmes. Even
visionary, riskier projects, which
explore new technology con-
cepts, fall into this category. 
The second pillar should strengthen
the leading role that the EU’s
industry plays in six key areas:
information and communication
technologies, nanotechnology, bio-
technology, new materials, inno-
vative processing and space re-
search. These areas call for tech-
niques and disciplines that are
part of environment and/or ener-
gy research. Paying close atten-
tion to the appropriate tenders is
very advisable. Another compo-
nent of this pillar includes a spe-
cific support instrument for small
to medium-sized enterprises
(“SME instrument“). 
The societal challenges that exist
nowadays form the third pillar
and include demographic changes,
food safety and sustainable agri-
culture, clean efficient energy, in-
telligent transport systems, sustain-
able use of raw materials and
secure societies. The new work
programmes for environment and
energy issues among other things
fall in this category. Important

European Funding of
Innovative Environmental
and Energy Research Projects
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Climate change and a rapidly growing demand for energy are some of the greatest challenges
worldwide of our era. They can only be addressed through further research and the develop-
ment of innovative technologies. As part of Horizon 2020, its Framework Programme for Re-
search and Innovation, which was recently launched, the European Union has shown its commit-
ment to financially support promising projects. The Bavarian Research Alliance (BayFOR) helps
interested scientists and companies to identify possible funding options that are optimal for
their project and assists them during the application process.



panies with free support by analyz-
ing market potential and drawing
up business plans. As EEN part-
ner, BayFOR supports Bavarian
SMEs in their efforts to success-
fully obtain EU funding and ad-
vises them during the entire appli-
cation phase.

Simplification and Specialization

At the same time, the EU Com-
mission has also simplified and
accelerated administrative pro-
cesses in Horizon 2020. All steps
including formal handling now
take place on a uniform IT plat-
form. Processing time should be
further reduced thanks to fewer
evaluations and optimized pro-
cedures. Once a project receives a
positive evaluation, applicants no
longer have to wait as long as they
had to in the past until the con-
tract is signed. The grant agree-
ment should be ready by the EU
Commission at the latest eight
months after the closing date for a
project application. Of these eight
months, the evaluation process
should require a maximum of five
months.
In addition to that, the EU aims
to help individual regions in their
technical specialization efforts.
The objective is to promote
structural change and enable ex-
cellent, innovative research and
development and improve Eu-
rope’s ability to compete. The
EU intends to promote projects
with non-European partners
more than in the past and thus
profit from the know-how and
technology transfer.

Current EU-funded Energy

and Environment Projects

with Bavarian Participants

Horizon 2020 offers promising
opportunities for enterprises and
research institutes to implement
their innovative product ideas.
The following current projects,
which have been receiving fund-
ing via a variety of European
funding programmes for several

part of Horizon 2020 envisages
funding throughout the entire
innovation cycle: Phase 1 supports
feasibility studies, phase 2 re-
search and development projects
as well as demonstration and mar-
ket launch activities. In phase 3,
the EU supports the marketing of
products and/or innovative servi-
ces. Even individual enterprises
that do not have cooperation part-
ners will be eligible to apply in
the future. In addition to that, the
EU Commission does demand
that there is a substantial involve-
ment of SMEs in joint research
projects.
Moreover, Horizon 2020 makes it
easier for SMEs to obtain risk
capital: For instance, the Euro-
pean Investment Bank and Euro-
pean Investment Fund offer direct
financing options. Both work
together with partner institutions
in the respective countries, i.e.
with the Bayerische Landesbank
or LfA Förderbank Bayern in
Bavaria. Companies can receive
further support from the largest
advisory network for SMEs in
Europe, the Enterprise Europe
Network (EEN). In cooperation
with business and innovation
advisors, the EEN provides com-

9Bavarian Research Alliance (BayFOR)

focal points in the environment
segment encompass waste re-
covery (recycling and reuse of
raw materials, among other
things), market-driven innova-
tions in the water sector (drinking
water, wastewater), raw materials,
earth observation techniques, cli-
mate research, biodiversity and
ecosystem research. The energy
work programme focuses on ten-
ders in the following areas: ener-
gy efficiency (buildings and con-
sumers, heating and cooling,
industry and products), technolo-
gies with low CO emissions
(electricity, grids, storage sys-
tems, biofuels)  as well as intelli-
gent cities and communities of
the future.

Focus on Small to Medium-

sized Enterprises

Many amendments make Horizon
2020 more attractive compared to
its predecessors. They minimize
the administrative expenses and
should help to transform more
project results into marketable
applications. Besides pure re-
search, Horizon 2020 also focuses
on pilot projects and demonstra-
tion activities. Emphasis is placed
on consolidating transdisciplinary
expertise, since innovations fre-
quently evolve at interdisciplinary
interfaces. Many work pro-
grammes have a deliberate focus
on various disciplines in order to
leverage this wealth.
The European Commission sees
SMEs as an innovation driver
which can swiftly turn research
results into marketable products
and by doing so create new jobs.
This is reflected in the layout of
the funding programme and the
higher rate of funding: Twenty
percent of all funding is ear-
marked for SMEs in the afore-
mentioned pillars 2 and 3 (indus-
trial leadership and/or societal
challenges). Seven percent is tied
to an area that can only be utilized
by SMEs. The new SME instru-
ment that has been established as

Close-to-market innovations in the water
sector play an important role for the EU
(Karin Schmidt/pixelio.de) 



years now, are good examples of
just some of the exciting fields
that receive European research
and innovation funding. BayFOR
has supported scientists and com-
panies in their efforts to identify
suitable funding options and in
the filing of applications and
implementing projects.

AlpBC: Making Alpine

Building Culture Viable for

the Future

The alpine region is home to
unique natural and cultural trea-
sures, which have evolved over
the centuries through adaption to
local and climatic conditions and
regional expertise. The objective
of AlpBC is to preserve the multi-
faceted alpine building culture
and make it viable for current and
future requirements. That in-
cludes improved energy efficiency
and knowledge about the impact
of demographic and climate
change. 
The AlpBC consortium com-
prises institutions of the construc-
tion industry and professional
associations from five different
alpine countries. The twelve pro-
ject partners want to ensure that
the alpine building culture re-
ceives greater attention in spatial
development planning on a
municipal, intermunicipal, regio-
nal, national and transnational

level. Emphasis is placed on an
integrated approach that incorpo-
rates, for instance, both the
sustainable use of regional build-
ing materials and renewable
energies. To this end, AlpBC
aims to sensitize and qualify
regional participants with regard
to this topic. The EU is pro-
viding approx. EUR 2.1 million
over a 34-month period for the
project that is being coordinated
by the Chamber of Trades and
Crafts for Munich and Upper
Bavaria.

GeoMol: Harnessing Subsur-

face Treasures

GeoMol examines the alpine fore-
land basins that reach up to 5,000
meters in depth to the north and
south of the Alps and which evolved
during the formation of the moun-
tain range. They offer enormous
potential for the development and
use of environmentally friendly
technologies for generating energy,
for instance geothermal energy.
The precise structures of these
basins are still largely unknown.
Moreover, some possible uses ex-
clude one another at the different
depths.
And since many usable under-
ground structures extend across
national borders, it is necessary to
have an integrated and transnation-
ally coordinated approach in place.
As a result, the fourteen GeoMol
project partners are developing
harmonized procedures for as-
sessing underground potentials.
These are then to be applied in
close consultation with all respon-
sible parties in the participating
countries. The results shall be
directly incorporated in several 3D
underground models and form a
basis for deciding on the processes
that ensure a sustainable use of
these subsurface “treasures“.
The EU provides GeoMol with
funding totalling approx. EUR 2.2
million over a 33-month period.
The project is coordinated by the
“Bayerisches Landesamt für
Umwelt“ (Bavarian Environment
Agency) in Augsburg.

IMAGEEN:

Making Food and Beverages

Environmentally Sound

We waste 1.3 billion metric tons
of food every year worldwide.
And as if that were not enough:
The related production processes
consume significant quantities of
important resources like water,
agricultural land, energy, labour
and capital and generate a sub-
stantial amount of greenhouse
gases. “Eco-design“ as an environ-

10 Bavarian Research Alliance (BayFOR)

Drilling tower of the geothermal project
“Geretsried-Nord” situated south of
Munich in order to extract geothermal
water for thermal energy and power
generation (Gerold Diepolder) 

AlpBC: preservation and development of alpine building culture (Rainer Sturm/pixelio.de) 



mentally sound approach to
design products can make an im-
portant contribution to reducing
the “ecological footprint“ left by
food production processes.
The objective of the IMAGEEN
knowledge transfer initiative is to
motivate with workshops and
awareness-raising events SMEs
operating within the food and
beverage manufacturing value chain
to make their products more en-
vironmentally compatible.
At the same time, IMAGEEN
aims to help these SMEs to
maintain their competitive edge,
since they are facing ever-
increasing environmental protec-
tion requirements in Europe. 
The environmentally compatible
design of their products is essen-
tial for these companies to
remain competitive on interna-
tional markets and to satisfy the
demands of major customers. In
addition to that, SMEs may also
save money if they are able to
decrease their consumption of re-
sources and create more sustainable
packaging solutions. They also
improve their public image by vol-
untarily reducing their CO2 emis-
sions. The European Commission
supports the project with approx.
EUR 552,000 over a 21-month
period.

SIMWOOD:

Sustainably Tapping Unused

Reserves of Timber in Forests

Europe has 159 million hectares of
forests and woodland. Timber as a
natural resource is frequently not
used optimally especially in private-
ly owned woods, and at the same
time the ever-increasing demand
for wood for material and energy
applications is becoming more and
more difficult to meet. The EU
project SIMWOOD aims to con-
tribute to a more efficient use of
the available supply of wood and
thus bolster Europe’s forestry and
wood industry as well as improve
wood mobilization by utilizing an
integrative approach. Besides topics

like forest ownership, forestry and
harvesting technology, the project
partners attach particular impor-
tance to the impact on a forest’s
capacity to carry out other func-
tions and the participation of ex-
isting local interest groups.
There are altogether 28 project
partners coming from Germany,
Belgium, Finland, France, Great
Britain, Ireland, Netherlands, Por-
tugal, Sweden, Slovenia and Spain.
The project also includes two
European institutions (Joint Re-
search Centre and European Fo-
rest Institute), 14 national research
institutes and 12 small or medium-
sized enterprises.
They are investigating optimum
forest use in 14 European model
regions. The EU supports the pro-
ject with approx. EUR 6 million
over a 4-year period. Coordinator is
the “Bayerische Landesanstalt für
Wald und Forstwirtschaft“ (Bavarian
State Agency for Forestry, LWF).

The EU offers a wide variety of
funding options. The sheer diver-
sity poses a major obstacle for

potential applicants: Identifying
an appropriate tender and submit-
ting a successful application re-
quires extensive know-how and
expertise. To this end, BayFOR
provides its experience and ex-
pertise to Bavarian scientists and
entrepreneurs. The enterprise,
which is funded by Bavaria’s State
Ministry of Education, Science
and the Arts, among others, pro-
vides information about support
options, conducts continuing edu-
cation measures and offers active
support during the project initia-
tion phase, the setup of internatio-
nal consortia and the application
process. After successful evalua-
tion, BayFOR also supports partici-
pants while negotiating the con-
tract with the European Commis-
sion or the responsible project
administrators and, if necessary,
even assumes administrative pro-
ject management and public rela-
tions activities. BayFOR has also
been commissioned by Bavaria’s
State Ministry of Education,
Science and the Arts to look after
the federal state's Funding Pro-
gramme for the Initiation of
International Projects (BayIntAn).

11Bavarian Research Alliance (BayFOR) 

SIMWOOD: mobilization of untapped reserves of timber (Jürgen Acker/pixelio.de) 

Identifying and
Utilizing Funding Options



With this form of assistance, Bavar-
ian universities and universities of
applied sciences should be able to
visit research and cooperation part-
ners in other countries in order to
initiate or strengthen transnational
collaboration in research projects. 

Networking as Success Factor

BayFOR has an outstanding net-
work on a regional, national and
international level. Its liaison of-
fice in Brussels represents the
interests of the Bavarian universi-
ties, promoting their visibility and
acting as an intermediary with the
European institutions. Moreover,
BayFOR coordinates the joint
activities of the Bavarian Research
Associations and supports their
networking activities at the Euro-
pean level. The scientific coordina-
tion office Bayern-Québec/Alberta/
International finances bilateral
research projects in the partner
regions.

As partner in the Enterprise Euro-
pe Network (EEN), BayFOR also
offers targeted advisory services
for SMEs that are interested in
participating in EU research pro-
jects or want to cooperate with
other SMEs on a transnational
level. The EEN is a European
network, which promotes co-
operation, technology transfer
and strategic partnerships bet-
ween small and medium-sized
enterprises. Especially when it
comes to research and develop-
ment, the German partners in the
EEN help to establish contact
with partners in business and
science. As partner in the Bavari-
an “Haus der Forschung“ (House
of Research), BayFOR also works
closely together with Bayern
Innovativ, the “Innovations- und
Technologiezentrum Bayern“
(Bavarian Centre for Innovation
and Technology, ITZB) and the
“Bayerische Forschungsstiftung“

(Bavarian Research Foundation).
The cooperation between the
four partners in the “Haus der
Forschung“ has resulted in the
formation of a central location for
European, national and Bavarian
research and technology funding
programmes. 

12 Bavarian Research Alliance (BayFOR)

Dr.
Thomas Ammerl

Head of
Unit Environment,
Energy & Bioeconomy

Bavarian Research Alliance GmbH
(BayFOR)

Phone: +49-89-9901888-120
E-mail: ammerl@bayfor.org

Contact:



The Technology Transfer Water
programme (TTW) has now been
active for almost 15 years and can
look back on a track record of suc-
cess. Located at the Bavarian En-
vironment Agency‘s Hof site, the
TTW project office was created in
1999 by the Bavarian State Minis-
try of the Environment and Con-
sumer Protection to underpin
international cooperation in water
management issues following an
increase in the demand for impar-
tial consultancy support from part-
ner countries and regions in central
and eastern Europe.

As a state-run non-commercial
entity, TTW is used to channel the
comprehensive experience of the
Bavarian water resource manage-
ment administration, as well as to
provide support in building up func-
tioning eco-management systems
and setting appropriate environ-
mental standards. TTW sees itself
as a cornerstone of Germany‘s
efforts to transfer technology in the

water resources sector and to achieve
implementation of the goals set out
in the Agenda 21.
The difficulties inherent in imple-
menting environmental and infra-
structural programmes are complex
and tend to have their roots in the
overall institutional field, with legal
frameworks, administrative organisa-
tions, and management structures as
the specific causes of most issues.
It is in this area that TTW measures
are applied. In order to pass on the
principles of integrated water re-
source management (IWRM) and
good governance, TTW organises a
broad range of activities to promote
exchanges and educational measures
to accompany projects being imple-
mented. Within the framework of
our IWRM seminars, for example,
we try to offer insights into how dif-
ferent players in various parts of the
water management sector work,

removing mutual prejudices, show-
ing the advantages of a modern ser-
vices administration, and encoura-
ging the growth of interdisciplinary
networks abroad.
TTW is currently in contact with
water management professionals in
many countries in southern and
eastern Europe, Asia, and Latin
America. 

Further information is available
(in German) at:
http://www.lfu.bayern.de/
wasser/ttw/index.htm

Transferring
know-how and

technology from Bavaria
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Contact:

Bayerisches Landesamt für Umwelt
Projekt Technologietransfer Wasser –
TTW

Dienststelle Hof
Hans-Högn-Str. 12
D-95030 Hof/Saale
Phone: +49 92 81 / 1800-0
Fax: +49 92 81 / 1800-4519
E-mail: ttw@lfu.bayern.de

Lecture during a training and professional development event at Gdansk, May 2010 –

in cooperation with the Gdansk Water Foundation 

Visiting the internal waste water pre-pro-

cessing facilities of a printing plant in

southern Bavaria as part of an expert

seminar with participants from Russia,

May 2012 

Bavaria’s contribution to globally sustainable
water management



The power industry has long been
one of the biggest employers in the
core of the Nuremberg metropoli-
tan area and occupies a top position
in Europe, with approximately 500
companies and over 50,000 jobs.
With a long tradition of technolo-
gies for thermal power plants, this
region covers the entire value
chain, ranging from planning and
development to engineering and
manufacturing, all the way down to
commissioning, monitoring, main-
tenance, modernization and dis-
mantling. The equipment manufac-
tured in the region includes steam-
raising units, turbines, generators
and waste gas purification systems.
The Siemens site in Erlangen, with
roughly 5,500 employees, acts as
the global headquarters of the sec-
tor Siemens Energy where all deci-
sions are made and where projects
around the globe are managed.
Erlangen is also the location of the
German headquarters of Areva NP,
a global market leader in nuclear
power utilization.

Companies based in the Nuremberg
metropolitan area equip the energy

industry worldwide with state-of-
the-art technologies for efficient
network infrastructures. Examples
include high-voltage direct-current
transmission systems as well as
“smart grid” and “smart metering”
systems. The world‘s largest high-
power transformers are also manu-
factured in Nuremberg by Siemens.

In the wind power industry, compa-
nies in the region supply key com-
ponents for plant engineering and
construction. The metropolitan area
employs several thousand people in
the production of large gearboxes,
large rolling bearings, azimuth and
pitch drives and power inverters.
Expertise in the utilization of bio-

The Nuremberg Metropolitan    
Area – Energy and

Environmental Technology
for the Global Market

14

M
e

tr
o

p
o

li
ta

n
 N

u
re

m
b

e
rg

With a population of 3.5 million and a gross domestic product of more than 100 billion euros, the
Nuremberg metropolitan area is one of Germany‘s ten largest economic regions. It offers great
potential for business and science in “Information and Communications”, “Automotive”, “Trans-
portation and Logistics”, “Medicine and Healthcare”, “Automation and Production Engineering”,
and particularly in “Energy and Environment”.

Under the motto "Future Solar Factory" in the framework of the Energy Campus
Nuremberg (EnCN) ZAE Bayern and partners are currently developing a worldwide
unique research platform for printed solar cells which are suitable for mass produc-
tion. The research tasks spans over the development of new technologies for photo-
voltaic cells with the objective of efficiency increase, over printable photovoltaic and
over solvent-free production technologies 



provide approximately 25,000 jobs,
primarily in water technology, air
pollution control and recycling, as
well as in product and production-
integrated environmental protec-
tion. Examples include Siemens
AG in Erlangen as a word leading
provider of automation solutions
for the water industry and Huber
SE, an important international sys-
tem supplier for water technology,
in Berching.

Energie Campus Nürnberg is com-
mitted to putting into practice the
vision of a sustainable power society
based on renewable energy. To this
end, expertise within the regional
industry and science sectors will
systematically developed with the
objective of putting bavaria and Ger-
many in a noticeable leadership posi-
tion in selected fields of energy
research.

Most of the research on energy and
the environment is conducted at the
universities of Erlangen-Nurem-
berg, Bayreuth and Würzburg, the
universities of applied sciences of
Ansbach, Amberg-Weiden, Coburg,
Hof, Nuremberg and Weihenstep-
han-Triesdorf and the Fraunhofer
Institutes IIS (Integrated Circuits),
IISB (Integrated Systems and De-
vice Technology), both located in
Erlangen, and ISC (Silicates Re-
search) in Würzburg. In addition,

meet the challenges posed by the
change in Germany‘s energy policy.
Important higher education institu-
tions include the Institute for Elec-
tronic Systems (ELSYS) and the
engineering faculty (EFI) of the
Georg Simon Ohm University of
Applied Sciences in Nuremberg.
With its European Centre for
Power Electronics (ECPE e.V.) and
the Bavarian Power Electronics
Cluster, the metropolitan area has
some excellent networks linking
companies and research institutions
that work in this field.

The technologies and markets for
the energy and environmental sec-
tors are closely linked. More than
1,000 companies and institutions in
the Nuremberg metropolitan area

mass is concentrated in the rural
areas of our region, such as the
Upper Palatinate and Western Cen-
tral Franconia, which has Germany‘s
greatest density of biogas facilities.
Experts in this field include leading
technology suppliers, such as
Schmack Biogas AG, as well as the
Weihenstephan-Triesdorf Univer-
sity of Applied Sciences and the
Renewable Energies Network of
Western Central Franconia. In the
near-surface geothermal energy
field, the heat pumps and related
equipment manufactured in Upper
Franconia have a European market
share of around 30 per cent. In June
2009, Germany‘s largest geothermal
power plant, with systems engineer-
ing supplied by Siemens (Erlangen /
Nuremberg) went into operation in
Unterhaching near Munich.

Printable photovoltaic are among
those future-oriented technologies
for solar energy supply, that will lead
to radical cost svings. Under the
motto “Future Solar Factory”, in the
framework of the Energy Campus
Nuremberg (EnCN) ZAE Bayern
and partners are currently develop-
ing a worldwide unique research
platform for printed solar cells which
are suitable for mass production.
The portfolio include both organic
and inorganic printing technologies.

The Nuremberg metropolitan area
is a European leader in the develop-
ment and manufacture of power
electronic systems. Examples in-
clude power inverters for photovol-
taic or wind power plants, frequency
converters to regulate electric drives
in industrial applications or in elec-
tric vehicles, as well as efficient
power supply units. Siemens AG,
Semikron GmbH and Baumüller
GmbH are important companies in
this field. Fraunhofer IISB, with its
Centre for Vehicle Power Electron-
ics and Mechatronics (ZLKM), is a
world leader in application-based
research. The Nuremberg Energy
Campus is currently being devel-
oped as a new R&D beacon to help
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Following a successful final inspection at
the Siemens transformer plant in Nurem-
berg, the world‘s first 800-kilovolt ultra-
high-voltage power converter transfor-
mer is ready for delivery. The transformer
will be used in the Yunnan-Guangdong
high-voltage DC transmission system in
China, currently one of the two HVDC
systems with the highest rated capacity
in the world. (Siemens press photo) 

A large number of key components for wind turbines are manufactured in the Nurem-
berg metropolitan area. (Siemens press photo) 



there are numerous other technol-
ogy-oriented institutions, such as
ZAE Bayern whose sites in Würz-
burg and Erlangen focus on thermal
insulation, photovoltaics and thermal
sensor systems, the Institute Branch
Sulzbach-Rosenberg of the Fraun-
hofer Institute for Environmental,
Safety, and Energy Technology
UMSICHT, EBA in Triesdorf
(with a focus on biomass energy uti-
lization), the plastics institute SKZ
in Würzburg (energy efficiency in
plastics processing), the energy tech-
nology centre “etz” in Nuremberg,
the Georg Simon Ohm University
of Applied Sciences‘ environmental
institute in Neumarkt and its energy
and environmental technology cen-
tre in Schwabach and the Northern
Bavarian Energy Agency.

In view of the double-digit growth
rates in the renewable energy sector
in particular, it is important to se-
cure a supply of specialists for the
region. The Nuremberg metropoli-
tan area offers a unique density of
relevant university degree program-
mes and vocational training courses.
The university degree programmes
include “Energy and Environmental
Systems Engineering” (Ansbach),

“Environmental Engineering”,
“Hydro Engineering” and “Renew-
able Energy Engineering” (Wei-
henstephan-Triesdorf ) and “Me-
chanical Engineering / Environ-
mental Engineering” (Amberg-
Weiden). The Nuremberg Cham-
ber of Commerce and Industry
for Central Franconia has devel-
oped the “European Energy
Manager” qualification program-
me that provides practical training
and networking opportunities in a
total of 13 countries of the Euro-
pean Union and is now also used
in China, Mercosur, Moldova and
Egypt.

The city of Nuremberg provides
effective platforms for international
marketing activities, such as Chill-
venta, an international trade fair for
refrigeration, air conditioning, venti-
lation and heat pumps, BioFach, an
international organic food products
fair, as well as the world‘s leading
power electronics fair PCIM. 

The process of innovation in energy
and environmental technologies is
often based on interdisciplinary co-
operation between manufacturers,
users and research institutions. This
is reflected in an unrivalled density
of regional networks, some of which
work very closely together. Examples
include the Bavarian Environmental
Cluster (www.umweltcluster.net), the
Bavarian Energy Technology Clus-
ter and the Bavarian Power Electro-
nics Cluster (both based in Nurem-
berg), the energy industry network

“ENERGIEregion Nürnberg”, the
Northern Bavarian environment
sector initiative (www.umweltkom-
petenz.net), the European Center
for Power Electronics (ECPE), the
user clubs and energy and environ-
mental committees of Northern
Bavaria‘s CCIs, the international
Energy Manager Network of the
Nuremberg CCI for Central Fran-
conia as well as the Renewable
Energy Network for Western
Central Franconia. 

Networking event in Nuremberg 

The combustion technology lab at the
Institute Branch Sulzbach-Rosenberg of the
Fraunhofer Institute for Environmental,
Safety, and Energy Technology UMSICHT for
examining the combustion and emission
behaviour of different biomass fuels
(http://www.umsicht-suro.fraunhofer.de)  

Authors:

Nuremberg Chamber of Commerce
and Industry for Central Franconia
Innovation & Environmental Affairs
Division

Ulmenstraße 52
90443 Nürnberg (Germany)
E-mail: iu@nuernberg.ihk.de
www.ihk-nuernberg.de 

Dr.-Ing. 
Robert Schmidt

Dr. rer. nat.
Ronald Künneth
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Conditions are highly favourable
at present for specialist building
services contractors to expand
their operations by approaching
small and medium-sized busines-
ses (SMBs) directly. On the one
hand, awareness of efficiency as a
competitive factor is growing
among decision makers, and on
the other, good funding opportu-
nities are currently available, the
existence of which some compa-
nies are clearly not even aware
of. The KfW banking group is
offering grants for both initial
consultation and detailed follow-
up consultation, which usually
involves developing proposals for
improvements over the course of
several days, as part of its „SMB
Energy Efficiency Advice“ pro-
gramme (www.kfw.de). And in
order to ensure that energy effi-

Energy efficiency
in small and

medium-sized businesses
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System example: Wolf MGK medium-sized gas condensing boilers in a cascade not only
supply plenty of heat but also save a great deal of energy compared to an old heating
system

A business segment with exciting prospects

German companies spent €50,000 on average on improving their ener-
gy efficiency in the last two years, according to a survey of industrial
and manufacturing enterprises carried out by the German Energy
Agency (dena). In this survey, around two thirds of respondents said it
was either probable or very probable that they would invest in further
energy efficiency measures in the near future. For companies in the
HVAC industry, this scenario is opening up business opportunities with
exciting prospects, but in many cases these opportunities need to be
actively pursued. This is because only a few companies in the industrial
and manufacturing sectors are really facing up to this challenge syste-
matically at present: the dena survey revealed that 85 percent of these
companies do not yet have either a certified or an uncertified energy
management system.



energy system modernisation in
every magnitude. Businesses have
realistic payback times for re-
placing old heat generators with
highly efficient system technolo-
gy or solutions that make use of
renewables. Options that are fre-
quently underestimated and there-
fore neglected include, for exam-
ple, ventilation units and air
handling systems with intelligent
heat recovery. The efficiency
potential of medium-sized boi-
lers in the MGK range also has
an important part to play in energy
modernisation. And with CHP
units from Wolf that are tailored
to individual demands, a great
number of industrial and SMB
enterprises can cover their base
energy load with particularly high
efficiency. A further option is to
integrate solar thermal systems
or heat pumps into the energy
concept of appropriate business
premises. Additional subsidy pro-
grammes for the use of renew-
able energies can be called on to
support these measures. 

the German CHP association
(Bundesverband Kraft-Wärme-
Kopplung e.V.) demonstrates
how advanced combined heat and
power generation can bypass the

need to expand the local power
grid and therefore significantly
improve overall cost-effectiven-
ess. The two Wolf CHP units
supply the large meat processor
Wilhelm Brandenburg in Drei-
eich with power and heat, pro-
viding around 10 % of the com-
pany's power and 20 % of its
heat demand. Thanks to heating
being 40 % cheaper and sub-
sidies under the CHP Act, the
whole investment of € 0.5 milli-
on paid for itself within just five
years and reduced CO2 emissions
by 266 t per year. 

Wolf offers its partners a com-
prehensive range of technical
components that are required for
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ciency optimisation measures
remain effective for a long time
for all business processes, the
installation of an energy manage-
ment system to DIN EN ISO
50001 is highly recommended.
The German Federal Office of
Economics and Export Control
handles subsidies for this mea-
sure (www.bafa.de). Subsidies are
available for the initial certificati-
on of the energy management
system itself and an energy ana-
lysis, as well as the acquisition of
measurement, metering and sen-
sor technology and software.
Over three years, subsidies of up
to € 20,000 per company can be
granted, based on the costs eli-
gible for subsidy under the
BAFA guidelines. 

Another factor that increasingly
gains in importance for manu-
facturing companies is the avail-
ability of a suitable combined
heat and power unit as a backup
in case of a power failure. This
„backup generator“ allows pro-
duction to continue. Modern
CHP units exploit around 95
percent of the primary energy
used. By comparison, the effi-
ciency of generation in conven-
tional power stations is 30 to 40
percent at best. 

A modernisation project with
two Wolf CHP units which were
awarded the „CHP of the Year
2011“ prize by the trade magazi-
ne „Energie & Management“ and

Contact:

Wolf GmbH
Industriestraße 1

D-84048 Mainburg

Phone: +49(0)8751/74-0

Fax: +49(0)8751/74-1600

info@wolf-heiztechnik.de

www.wolf-heiztechnik.de

Wolf CHP GTK 240 in situ, with 365 kW
thermal output and 236 kW continuous
electrical output

CKL_iV from the Wolf comfort compact
ventilation unit range with highly effi-
cient heat recovery 



STEAG New Energies (SNE) is a
subsidiary of STEAG GmbH,
Essen. Established in 1961, the
company is active in the energy
market. SNE has its origins in dis-
tributed energy supply and has
been operating in Germany in the
area of power supply from renew-
able primary energy sources for
over 15 years. The company has
been active on foreign markets
(Poland, France) since 1998.
Climate-efficient cogeneration of
heat and power is one of the main
focuses of the customised sustaina-
ble energy solutions SNE develops
for and in close consultation with
its municipal and industry custo-
mers, as well as for other project
partners. The renewable primary
energy sources drawn on range
from wind and biomass, to biomet-
hane and geothermal energy. Over
300 megawatts (total: 1,276 MW)
of the heat and around 250 mega-
watts (total: 342 MW) of the gene-

rated power output is from renew-
ables-based plants. For its marke-
ting SNE leverages the possibilities
offered by the STEAG Group to
place attractive energy products
such as balancing energy or direct
marketing forms on the market. In
2012, SNE generated revenue in
the region of EUR 268 million
with a staff of 780 (incl. associates
and abroad). 
As well as several plants of its own
(e.g. Werl, Dresden), SNE opera-
tes plants for municipal associations
(e.g. Erding, Neufahrn) or in joint
ventures with municipal partners.
For example, SNE is a shareholder
and long-standing partner in more
than ten local utility holdings (e.g.
in Ilmenau, Rochlitz). The objec-
tive in all cases is to secure and
develop an efficient and indepen-
dent energy supply tailored to the
needs of the market. However
diverse the projects may be – from
industry contracting, via the devel-
opment of district heating supply
lines, to bespoke energy solutions
for large facilities: the focus is not
on quick returns, but on loyalty to
the location and close collaboration

with our customers. Furthermore,
SNE consistently develops its loca-
tions to enable it to respond to
changes in the legal and regulatory
environment, new customer de-
mands and new technical and ope-
rational requirements.
In Bavaria, SNE is involved in
three geothermal energy projects:
in Erding, Simbach-Braunau and
Unterschleißheim. In Traunreut,
Großaitingen and Neufahrn-
Eching SNE operates biomass
CHP plants based on residual
and waste wood. It has further
locations in Munich (building
supply) and Nuremberg (local
heat supply systems).

A fresh breeze 
for your  

power generation
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STEAG New Energies GmbH

St. Johanner Straße 101-105
66115 Saarbrücken
www.steag-newenergies.com
Phone: +49 681 9494-00
Fax: +49 681 9494-2211
E-Mail: info-newenergies@steag.com

Contact:

Geothermal heating plant 2 in Erding, Upper Bavaria 

Neufahrn-Eching biomass CHP plant



Grinding, pumping, dosing, mixing –
there are a multitude of tasks asso-
ciated with conveying liquid media,
especially in the wastewater and
environmental sector. Smooth pro-
cesses are essential here, just as
they are in biogas production.
NETZSCH has for many years
attached the greatest importance to
both energy efficiency in operation
and environmental compatibility in
manufacturing, processing and even
in the disposal of wearing parts
when developing new pumps, ac-
cessories and other products.
NETZSCH Pumpen & Systeme
GmbH therefore offers a great
variety of perfectly coordinated
pump solutions, accessories and
services for these sectors from a
single source. These range from
various types of pump, such as
those with flange mountings, a
wide variety of designs of the hop-
per pump, mixing pumps, immersion

pumps and TORNADO rotary
lobe pumps, through to the over-
haul of ageing pumps, and also
include NETZSCH macerators
and accessories, such as the aBP
module for preventing bridging
and the dry running protector. 
NETZSCH has been designing
and manufacturing pumps and
macerators in Waldkraiburg, Bava-
ria for more than 60 years. At first
the company specialised in pro-
gressing cavity pumps, but over
time it has also developed into an
expert in rotary lobe pumps.

Customers are provided with com-
prehensive advice that is tailored to
their requirements in terms of
choosing the appropriate pump for
a specific application. NEMO® pro-
gressing cavity pumps are parti-
cularly suitable for pressures up to
48 bar (higher pressures on re-
quest) and for media with a high
dry matter content. 
The compact, robust TORNADO®

rotary lobe pump is available for
areas with confined spaces or for

mobile applications. Its large free
ball passage means it can also handle
lumpy media without any risk of
clogging. With a pumping capacity of
up to 1,000 m3/h, the TORNADO®

even deals with large quantities of
wastewater. 
Both types of pump have in com-
mon that they are in each case tai-
lored to the characteristics of the
media and the conveying tasks in
terms of the design and selection
of materials. This means long, low-
wear operation is ensured. In addi-
tion, the direction of rotation can
be reversed on NEMO® and
TORNADO® pumps and their
conveyance volumes are proportio-
nal to the speed. The latter feature
gives high dosing accuracy. 
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For more than 60 years, NETZSCH Pumps
& Systems has served markets world-
wide with NEMO® progressing cavity
pumps, TORNADO® rotary lobe pumps,
grinding machines, dosing systems and
accessories, providing customised, sophis-
ticated solutions for applications in
every type of industry. With a workforce
of over 1,900 and a turnover of more
than 240 million euros (2013 financial
year), NETZSCH Pumps & Systems is the
largest business unit with the highest
turnover in the NETZSCH Group, along-
side NETZSCH Analysing & Testing and
NETZSCH Grinding & Dispersi

NETZSCH Pumpen & Systeme GmbH

Geretsrieder Straße 1
84478 Waldkraiburg
Deutschland/Germany
Phone: +49 8638 63 0
Fax: +49 8638 67981
info.nps@netzsch.com
www.netzsch.com

NEMO® progressing cavity pumps are
particularly suitable for pressures up to
48 bar (higher pressures on request)
and for media with a high dry matter
content

The robustness and the durable belt drive
of the TORNADO® T2 rotary lobe pump
ensures high operational reliability 

Full range of pumps, accessories and services
for the wastewater and environmental sector 



Nowadays, PV plants produce
environmentally friendly energy
at levelised costs between 11 and
13 euro cents per kilowatt hour
(kWh). This rate lies about one
third below energy suppliers’
electricity prices for commercial
consumers. As a consequence, a
PV plant shows economic feasi-
bility even without a fixed feed-
in tariff according to the German
Renewable Energy Act (EEG).
They may be used to supply on-
site energy and therefore become
economical feasible. For com-
mercial businesses, solar self-
consumption can be an economi-
cally viable option to reduce the
long-term energy costs and sup-
plement traditional energy pro-
curement from energy suppliers.
However, this requires tailor-
made planning to safeguard
maximum profitability of the PV
plant. 

IBC SOLAR‘s employee car park
in the northern Bavarian town of
Bad Staffelstein was covered with
carports that were roofed with PV
modules. Consequently, this repre-
sents a good example of a highly
efficient commercial self-consump-
tion plant. The system costs for the

eight carports and the roof-top PV
plant with an output of 125 kWp
(€231,250) including maintenance
and operating costs (€38,756) amount
to a total of €270,006. The entire
company annually requires 410,000
kWh of electricity and the self-
consumption system covers said
consumption by 22.7 percent (ratio
of independence). At IBC SOLAR
AG, employees work in traditional
offices. A comparison of the load
profile and the solar power produc-
tion profile shows that the majority
of the company’s energy consump-
tion corresponds to the solar
plant’s daily electricity production
periods. During these periods the
self-consumption ratio is at 84.6
percent. Any energy that is not
used within the company is fed
into the grid at a fixed feed-in tariff

around 13 euro cents per kWh.
Over a period of 20 years, the
system can potentially save
€252,508 compared with energy
supplier rates after having deducted
the overall investment costs and
taking into account maintenance
and operating costs for the PV
system (amounting to one percent
of the investment costs and an
inflation rate of two percent). 

The example demonstrates the
practical flexibility of commercial
self-consumption plants. It also illu-
strates that all influential criteria
must be carefully and professionally
assessed to guarantee a maximum
self-consumption ratio for the com-
pany and profitability of the PV

Self-consumption for
commercial businesses
in 2014: permanently reduce

energy costs with solar energy
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Practical example of self-
consumption:office building

Vital determining factors
for a profitable PV plant

Based on the considerably lower system prices nowadays, photovoltaic plants (PV plants) are able to
provide electricity at a much more competitive price than energy suppliers. As a result, commercial
businesses are given the opportunity to benefit from stable prices for electricity by consuming their own,
locally produced,solar energy. In this article, IBC SOLAR AG,a PV system integrator,based in the Franconian
town of Bad Staffelstein, describes how such systems are planned to ensure they are profitable.

IBC SOLAR‘s employee car park with PV roofed carports 



tions. As a result, planners can
simply illustrate the self-consump-
tion ratio, grid feed-in and econo-
mic feasibility. 

Individually planned systems de-
signed for self-consumption will
make PV plants smaller, achieve
higher self-consumption ratios
and ensure a particularly high
degree of profitability. Company
owners – regardless of whether in
trade, building or agriculture –
secure a low electricity price for
many years, which gives them
planning safety, cuts the operating
costs and consequently creates
leeway for other investments that
may give their company a crucial
advantage compared with compe-
titors. 

Storing energy

Battery storage systems or ther-
mal storage systems may increase
the self-consumption ratio by
covering energy demands outside
the production profile. Since May,
1st, 2013, battery storage systems
for PV plants up to 30 kWp are
eligible for a governmental fun-
ding programme in Germany. 
Dedicated software solutions,
such as the IBC SOLAR „PV
Manager“ help to run simulations
with different system configura-
tions. They take into account
general geographical and technical
calculations, but also disturbing
objects that may cause shading.
They also provide detailed assem-
bly and connection plans. Some
programs also integrate additional,
individual profitability calcula-
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plant. For plant planners, the load
profile is an important, initial indica-
tor. A load profile shows the energy
consumption of a company across a
longer period of time. It is available
as an individual measured load pro-
file from energy suppliers or, for small
companies within Germany, from
the Bundesverband der Energie-
und Wasserwirtschaft e. V. (BDEW,
federal German association of ener-
gy and water supply companies) as a
so-called standard load profile
(SLP). The following applies to all
load profiles: the more the PV pro-
duction profile corresponds to the
load profile, the higher the percenta-
ge of self-consumption. Additional-
ly, there are several determining fac-
tors planners must take into account:

Proper dimensioning 

In times of high feed-in tariffs, PV
plants on companies' roofs were de-
signed to feed as much energy into
the grid as possible. If self-consump-
tion moves into the focus, plants are
adapted to the individual demands
and they inevitably become smaller.
As a rule, plants that have been adap-
ted to the demands boast high self-
consumption ratios and hence they
are also more profitable.
Plant orientation

Instead of a classic orientation to-
wards the south, an east-west orien-
tation is suitable for energy consump-
tion peaks in the mornings and after-
noons. 

Intelligent load management 

Energy demands should be moved
into daytime periods in which the PV
plant is producing electricity. Thus it
is possible to self-consume as much
of the produced solar energy. Intelli-
gent energy management systems
may help in this process.

Outlook

About IBC SOLAR:

IBC SOLAR is a leading global specialist in photovoltaic systems, offering complete
solutions for power production from solar energy. The family-owned and operated
company covers the entire spectrum, from planning to the turnkey handover of
photovoltaic installations. Globally, IBC SOLAR has already implemented more than
150,000 photovoltaic systems with a total capacity of more than 2.5 gigawatts
(GWp). The scale of these installations ranges from photovoltaic power plants and
solar parks, which feed electricity into the grid, to systems for commercial self-con-
sumption and off-grid systems. IBC SOLAR sells its photovoltaic components and
systems over an extensive network of local installers. As project developer, IBC
SOLAR plans, implements and offer large scale solar projects worldwide. Through
maintenance and monitoring, IBC SOLAR ensures an optimal performance of the
solar parks.
IBC SOLAR was founded in 1982 in Bad Staffelstein, Germany, by CEO Udo
Möhrstedt. IBC SOLAR is represented by several subsidiaries around the world and is
directed from its headquarters in Bad Staffelstein.

Statement by Udo Möhrstedt,
founder and CEO of IBC SOLAR:

"Nowadays, we are able to provide customers with customi-
sed PV plants that produce energy at levelised costs of be-
tween 11 and 13 euro cents/kWh. Even without taking speci-
al measures, companies can achieve a self-consumption ratio
of 30 to 35 percent and in conjunction with a battery storage
unit, this may even increase to as much as 70 percent. In
addition to the reduction in CO2 emissions, this also makes a
great contribution to relieving the load on grids!"

Contact:

IBC SOLAR AG 
Am Hochgericht 10
96231 Bad Staffelstein/Germany
Phone: +49 (9573) 9224-0
Fax: +49 (9573) 9224-111
E-mail: info@ibc-solar.de
www.ibc-solar.de

Self-consumption diagram of IBC SOLAR‘s PV carports 
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This new magazine, “Geothermal
Energy in Bavaria”, is being compi-
led at a time when investors in
deep geothermal energy have lost
confidence in the proper and legal
implementation of the Renewable
Energy Sources Act (EEG) due
to ill-judged written political pro-
nouncements by the old Federal
Government. Despite a number
of verbal declarations from no-
table figures in Federal and State
politics, since February 2013 no
new projects have been tackled
involving the conversion into
electricity of geothermal energy
from deep geothermal energy in
Bavaria or indeed in Germany as a
whole. Even projects approved by
the authorities are subject to a
moratorium by investors. This means
that currently, in Upper Bavaria
alone, approximately 750 million
euros in investment funds are
being withheld. The current pub-
lic discussion and statements by
notable holders of public office,
who are now providing advice on
the amendment of the EEG, can
likewise not be described as a
confidence-building measure.

At the same time, until 2013 the
use of deep geothermal energy,
particularly in Bavaria, had been
showing very positive growth.
Altogether in Germany, 26 plants

(21 in Bavaria) are in operation,
of which seven (four in Bavaria)
are supplying electricity with a
total electrical output of approxi-
mately 32 MW. For heat supply
purposes in Bavaria, especially in
the Munich region, a usable thermal
output of just under 280 MW is al-
ready being provided. Over 70 pro-
jects are at the planning stage,
30% of them in Bavaria. Among
these are 15 electricity-genera-
tion projects, of which another
four Bavarian projects launched
before 2012 are now being ex-
tended. If one examines the
plans, this would have been a
very good starting point to be
able to break through the level of
100 MW of electrical output within
the next four years. The industry
is waiting for a clear, confidence-
building signal from a policy that
demonstrates the will to continue
to facilitate the commercial launch
of deep geothermal energy as a
renewable energy through the
EEG.

The decision of the Federal
Government taken in June 2011
and the commitment of the
Federal States to the transition
from nuclear and fossil fuel energy
is a challenge to our society, to
not only improve energy effi-
ciency and demonstrate its firm

intention to save energy, but in
particular to develop a sustainable
energy supply based on low-car-
bon energy sources by network-
ing all available renewable ener-
gies. In this context, it is pre-
cisely the ever-available and flexibly
controllable resource of deep
geothermal energy in combina-
tion with the volatile renewable
energies such as wind power and
solar energy together with the
other controllable, base-loadable
renewable energies such as bio
energy and water power that can
contribute in an optimum way, in
regional distribution networks, to
a steady supply of electrical
power and thereby reduce the
expansion of nationwide trans-
mission networks and, in addi-
tion, provide substantial supplies
of renewable heat energy. The
plants completed to date, be they
heating plants, power plants or
cogeneration plants, prove that
this is possible.

The removal of geothermal ener-
gy from the EEG in the context
of the amendment of the 2014
EEG, as demanded by influential
political forces, would be the end
of further developments, dam-
aging for the German technology
for converting low enthalpy geo-
thermal energy into useful energyEc
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Foreword

Dr. Erwin Knapek

President of the German Geothermal Energy 
Association and the economic forum Geothermal
Energy e. V.
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been shown what is possible here
if you exploit to best advantage
the resource of geothermal ener-
gy – as per the self-imposed tar-
gets of the grand coalition – and
the opportunity thereby remains
open to be able to attain success-
fully the proportion of renewable
energies within the overall energy
spectrum as specified by the
European Union. As a result of a
revision of the Renewable Ener-
gies Heat Act to include a feed-in
priority and practicable options
for implementing the market
incentive programme, there can
also be a further stimulus for deep
as well as shallow geothermal heat
projects.
Viewed as a whole, as things stand
in Bavaria today we have come a
considerable way in developing
deep geothermal energy projects.
Based on the experience from
many successfully implemented
projects in the Upper Bavaria
region there are still a large num-
ber of scheduled geothermal
energy projects pending, the com-
pletion of which, however, is
dependent on a positive signal for
the protection of legitimate
expectation. If this is guaranteed,
the companies and skilled workers
of this State will promote the
expansion of this always available,
renewable and flexibly base-load-
able energy which also preserves
the countryside to provide a
sustainable supply of electricity,
heat and cooling energy.

Good luck!

Dr. Erwin Knapek

President of the German Geothermal
Energy Association and the economic

forum Geothermal Energy e. V.

– highly prized as an export com-
modity – and a significant setback
as regards the replacement of
hydrocarbons currently in use in
the provision of regional renew-
able heat energy – a basic pre-
requisite for reducing imports
and, as a consequence of this,
independence from political devel-
opments abroad. Moreover this
would, in particular, put at risk
Bavaria‘s plan of building up a
capacity of 300 MW of electrical
output using deep geothermal
energy over the next few years in
the southern Bavarian Molasse
Basin and, with it, of also creating
conditions for pressing ahead with
the use of petrothermal deep geo-
thermal energy in Bavaria.

Deep geothermal energy means
electricity and heat for the future.
So far, the EEG has proved its
worth as an ideal instrument for
bringing renewable energies to
the point of market maturity and
competitiveness. For deep geo-
thermal energy, as the latest renew-
able energy segment, the EEG is
essential. As the amendment to
the 2014 EEG currently stands, a
continuation of what has been
tried and tested to date is indeed
assured at least until 2017, but this
only applies to projects which had
already begun before the discus-
sion on the cap on electricity pri-
ces. For new projects, where capi-
tal expenditure has been deferred
since February 2013, this is only
an apparent safeguard. Based on
previous experience, deep geo-
thermal energy projects may
require three to seven years from
the beginning of drilling until the
start of operation. Large sums
have already been invested in
them by the time drilling begins,
and the job of securing a return
on that is already beset with con-
siderable risk. This is why it is
necessary for a provision to be
created in the new EEG for all
upcoming projects whereby in-
vestment security can be guaran-
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teed for investors. In the indus-
try‘s view, what we should be
striving for here is that approval
under mining law for the prelimi-
nary reconnaissance of reservoirs
using new seismic technology or
through the acquisition of seismic
data should be the point in time at
which security is guaranteed
under law for the EEG payment
applicable at that time. From this
point in time, deep geothermal
energy projects should also be re-
corded in a plant register with
details of the planned electrical
output, in order to maintain plan-
ning certainty for the expansion
of electricity networks. To ex-
pedite this expansion in a predict-
able and rigorous manner, projects
subject to major delay should sub-
sequently be deleted from the
plant register.

Deep geothermal energy has only
just grown to market maturity
with a few plants. The number of
market participants, however, is
still small. A tendering mechanism
contemplated in the new EEG
would cause further uncertainty
for investors and hamper the crea-
tion of a functioning market for
deep geothermal energy. For this
reason it would be desirable if the
tendering mechanism were to
apply only for projects upwards of
an installed electrical output of
500 to 750 MW, to ensure that
companies with sufficient experi-
ence in the medium and long-
term operation of geothermal
power plants emerge as successful
in the tendering model.

The expansion of geothermal
power plants can be systematcally
accompanied by the expansion of
the heat supply to regional conur-
bations, in order also to make a
substantial contribution to the
hitherto neglected renewable heat
supply. In the Munich region, due
to the continuous expansion of
geothermal cogeneration and heat-
ing plants, for a decade now it has



Geothermal energy enjoys a special
position amongst the renewable
energy sources because it is availa-
ble all year round and any time of
the day, and can therefore be used
for base load energy. Countries
with favourable geothermal condi-
tions, e.g. the circum-pacific coun-
tries, Iceland, or Italy, have used
geothermal energy for many de-
cades to produce power at compe-
titive prices – in Tuscany this has
already been implemented for over
a century. In 2012, geothermal
energy in the order of 800 PJ (220
TWh) are used worldwide for heat
and electricity production. The
global installed capacity of geo-
thermal power plants is currently
around 11,650 MW; they produce
72,000 GWh of electricity per year
(REN21). 
Modern conversion technologies,
such as the ORC method and the

Kalina cycle, make it possible to
generate power today from tem-
peratures as low as 100 °C, also from
lower temperature level but with a
very low efficiency. Geothermal
power generation is therefore also
interesting when considering the
exploitation of hot water aquifers.
Geothermal energy in this tempe-
rature range was previously only
used as a direct source of heat, e.g.
for heating or process heat. Now,
however, the power production
potential of geothermal energy
in Germany is enormous: the
first comprehensive study esti-
mated a potential of around 1021 J,
although this can only be exploited
in small steps. 

Hot water aquifers are highly
permeable rock sequences with

thicknesses reaching from a few
decametres to several hundred
metres and with water tempera-
tures exceeding 100 °C. The
aquifers are either in highly
porous sandstones or other
strongly fractured or karstified
sedimentary rocks. In carbonate
rocks, flow through fractures can
be enhanced by dissolution to
form karst cavities. If these cavi-
ties link up to create a continuous
network, rock sequences of this
type boast extremely high per-
meabilities which can extend
over a regional scale. 
The aquifers are usually devel-
oped using a doublet system. A
doublet consists of a production
borehole from which hot water is
produced – often with the help
of submersible pumps. The heat
is extracted at the surface by a
heat exchanger where it enters a

Geoscientific Framework
for Geothermal Projects

in Bavaria
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Power generation from geothermal energy –
successful world-wide for over 100 years

The Malm sequence dips to the south from the Danube River to the Alps: greater depths mean higher temperatures 

Hot water aquifers –
suitable for heat supplies

and power generation



for optimal development and a
reduction in exploration risk.
Intensive seismic exploration
therefore needs to be conducted
before drilling a geothermal
borehole. The seismic interpreta-
tions enable the structure (faults,
facies, etc.) and the depths, and
therefore the expected tempera-
tures, to be determined.
Whether or not a planned geo-
thermal borehole is classified as
successful or not depends strong-
ly on the commercial plans devel-
oped by the operator. Thermal
boreholes often only require
temperatures of 30 °C and a
discharge rate of 3 l/s. Tempera-
tures of 70-90 °C and flow rates
of around 30 l/s are suitable for
district heating systems, whilst
geothermal power production
requires temperatures of at least
100 °C and production rates of
around 100 l/s. The exploration

risk therefore needs to be de-
fined specifically for each geo-
thermal borehole.
Because of the requirement for a
minimum temperature of 100 °C,
areas suitable for geothermal
power production are only pre-
sent in southern Upper Bavaria,
and specifically to the south of
Munich and around the Chiem-
see Lake. The resources for geo-
thermal power production are
estimated at 0.5 · 1018 J. This cor-
responds to an installed electrical
output of 500 MW which could
be generated in a large number

secondary cycle to generate the
steam for power production or is
used directly, or via co-genera-
tion systems, to produce heat for
space heating, hot water or pro-
cess heat. The cooled water in
the primary cycle is then injected
back into the aquifer by the
second borehole in the doublet.
It is also possible to exploit
sources of geothermal energy
with a single borehole, e.g. in the
thermal boreholes in the Spa Tri-
angle in Lower Bavaria (Füssing,
Birnbach, Griesbach). In practise,
however, no permits are issued
nowadays for single borehole
exploitation, because the high
production rates appear to con-
tradict the principles of sustaina-
ble use. 

The South-German Upper-Aus-
trian Molasse Basin which geo-
graphically forms the area be-
tween the Danube and the Alps
contains one of the most impor-
tant geothermal energy reser-
voirs for the production of heat
in Central Europe. The basin
boasts favourable conditions for
geothermal energy exploitation
because the almost ubiquitous
Malm (Upper Jurassic, Mesozoic)
forms a highly productive aquifer
which dips from north to south
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to increasing depths and there-
fore contains water at increasingly
high temperatures. A detailed
research project at the end of the
80ies estimated the resources and
reserves of the Malm for heat
generation to be approx. 50 · 1018 J.
Particularly high resources are
found in the greater Munich area
and in the area to the south-west
of Landshut.
Crucial factors for the economic
efficiency of geothermal energy
projects are the temperature and
the production rate. The local
variability in thermal water pro-
duction can be expected in the
Malm karst because one borehole
could penetrate highly productive
karstified or seamy rock whilst an
adjacent borehole might pene-
trate dense rock with no karsti-
fication. There are also regional
differences in the lithology
attributable to changes in facies
and tectonism. It is already
known that the Helvetic facies in
the Malm karst has much lower
hydraulic transmissivities than
the Swabian or the Franconian
facies. The high density of tec-
tonic faults in the eastern Molasse
Basin can be considered to
improve the probability of suc-
cess of projects in this area.
Detailed knowledge on the struc-
tural conditions and karstification
of the Malm is therefore essential

Geothermal resources in the Malm in the central part of the South German Molasse
Basin – the area with temperatures exceeding 100 °C is marked in yellow 

Deep drilling rig 

Malm – the geothermal
reservoir in Bavaria



of decentralised power plants (3-
6 MW).
To the west of the Lech River,
temperatures exceeding 100 °C
are generally only found within
the Helvetic facies (hydraulically
tight). This area can therefore be
ignored for electrical power pro-
duction at a regional scale. Tem-
peratures above 100 °C are not
reached in the east Bavarian part
of the Molasse Basin within the
Malm even though very good
reserves are present for geother-
mal energy production – as alrea-
dy utilised in the Simbach-Brau-
nau plant, also for power genera-
tion with temperature of 80 °C
but with a very low efficiency.
The 100 °C boundary is only
exceeded in the southern part,
i.e. in Upper Austria where it is
used for power production in the
Altheim plant.  

The first German geothermal
power plant was built in Neu-
stadt-Glewe/Mecklenburg-Vor-

pommern. The first plant in the
Molasse Basin is in
Altheim/Upper Austria, where a

28 Framework

borehole doublet produces hot
water at approx. 105 °C from the
Malm karst at a depth of 2,500 m.
The ORC plant produces approx.
700 kW. A large number of the
buildings in Altheim are also sup-
plied with heat from this plant.
The first geothermal power plant
on the German side scheduled to
harness the hot water from the
Malm karst was built in Unterha-
ching near Munich. Both bore-
holes in this project were drilled
successfully: Malm water at a tem-
perature of 122-133 °C was pene-
trated at a depth of more than
3350 m and has a production rate
of more than 100 l/s. The heat
production started in 2007 and the
geothermal power plant was onli-
ne in 2008.
The Munich region with its 13
geothermal heating and power
plants has become an examplary
region for the sustainable use of
the enormous geothermal poten-
tial in a low-enthalpy region
(thermal water temperatures <
150 °C) in the last decade. With
the deepening of the exploration
wells to nearly 5 km depth, the
demands on the projects are also
rising. Specific requirements, for
example advanced submersible
pumps which have to overcome
large flow rates and temperatures
above 100 °C, require great
engineering efforts.
A total of 16 plants in the Bavari-
an part of the molasse basin de-
liever heat (about 200 MW installed
thermal power), four of them also
produce electricity (20 MW
installed electrical power); seven
plants are under construction, five
of them are expected to produce
heat and electricity.
An always actual overview is given
by the internet portal of the geo-
thermal information system for
Germany (www.geotis.de). 
Geothermal power production
benefits from the many years of
experience with direct thermal
utilisation plants. Because the
economic efficiency of geother-

Geothermal power
in Bavaria – realised

in Unterhaching

… which are received by a series of small
seismographs (“geophones”) …

Exploration: special seismic trucks (vibrators) send seismic waves into the subsurface…

… and merged with the help of a computer to produce a section through the
subsurface 



mal energy is enhanced in multiple
or cascade systems, most of the
plants combine hydrothermal space
heating, thermal baths, greenhouse
heating and/or drinking water sup-
plies. E. g., the district heating
system of Unterhaching is supplied
by the geothermal water; the power
production is subordinated by the
heating system. The direct heat uti-
lisation plants have proven their
reliability over many years and in
some cases also decades of opera-
tion. 
Since every intervention in the
geosphere has an impact, questions
arise about the sustainability of the
used technology. A numerical 3D-
model of the Upper Jurassic thermal
reservoir provides forecasts for the
long-term development of tempera-
tures and hydraulic potentials. Signi-
ficant temperature decrease will be
limited to the near surrounding of
the reinjection wells for the next 50
years of operation. Changes of
hydraulic head in adjacent wells will
occur with less than 1 bar in the
majority of cases. 

Can geothermal energy also be
harnessed outside of the Forealps?
The thermal water present in North
Bavaria is hardly suitable for the pro-
duction of energy. It is merely suita-
ble for balneological purposes, such
as in Bad Rodach. However, the

geology in North Bavaria is charac-
terised by crystalline basement that
usually lies directly at the surface.
The central and south German
crystalline basement zone covers
almost 40 % of the land area of Ger-
many. Temperatures of around 100
°C are found at depths of 3,000 –
4,000 m. This area therefore has the
largest geothermal power potential
in Germany, as reported in a study
undertaken for the German parlia-
ment in 2003: this is around 1000
times more than the capacity of the
Malm.
The “Hot-Dry-Rock” (HDR) or
“Enhanced Geothermal Systems
(EGS)” method is designed to har-
ness the geothermal potential of
crystalline rock. Artificial fractures
are opened up in the basement by
injecting water under high pressure.
This method is also used to expand
existing cracks such as fractures or
faults. The fractures are used as heat
exchange surfaces: cold surface water
is injected into one borehole, travels
through the fracture system towards
a second borehole, is heated up in
the process and pumped out in the
second borehole as hot water. This
has been proven in principle in the
European Soultz-sous-Forêts HDR
project in the Alsace. The project
succeeded some years ago in crea-
ting an artificial fracture system
covering approx. 3 km≤ at a depth of
approx. 3000 m. Two boreholes dril-
led 500 m apart were connected via

this fracture network. Here, the first
HDR power plant worldwide start-
ed its production in summer 2008.
An international group of geoscien-
tists is committed to transferring this
technology to other locations and to
reduce the development costs. An
HDR plant is being developed in
Australia to produce power under
economic conditions. Actually, a first
petrothermal demonstration power
plant is projected in Saxony, why not
also in North Bavaria in the future? 
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each manufacturer and application
depending on the motor concept.
It could use submersible pumps
driven by a downhole motor or a
surface motor with a long shaft that
connects the motor to the pump.
This distinguishes Electrical Sub-
mersible Pumps (ESP) from Line
Shaft Pumps (LSP). In ESP, a
subsurface motor running a sub-
mersible pump needs an elaborate
sealing system to ensure no water
enters the motor.
The motor obtains electricity
from a power cable and frequency
converter installed above ground.
In LSP, the motor is located on
top of the wellhead and drives the
pump stages with a continuous

Reliable and highly available pro-
duction of hot thermal water
from deep wells is an essential
requirement for running geother-
mal projects economically. The
characteristics of reservoir and
wells as well as the availability of
a technology to produce neces-
sary amounts of water determine
the performance of the power
plant and the financial revenues
that can be obtained. This is
especially true in Germany,
where the reservoirs for electricity
power generation are deep loca-
ted with temperatures rarely
above 140 °C. The production
rate decides the economic feasi-
bility of the projects. 
Pump manufacturers offer various
technologies to produce different
liquids out of deep wells. These
applications are typically used for
fresh water wells, the soil water-
ing in agriculture and particularly
for the hydrocarbon industry.
Operating conditions within the
hydrocarbon industry can be ra-
ther complicated and have strin-
gent requirements on materials
and techniques. However this
means there is a pump manufac-
turing industry with decades of
experiences and know-how to
operate pumps at great depths
and at high temperatures as well
as under harsh well conditions.  This
industry seems to have solutions
for any application or demand,

regardless whether it is pumping
fluids with high gas content, or
containing corrosive substances
like hydrogen sulfur or abrasive
materials. 
The pump industry also has dec-
ades of experience worldwide in
the production of hot thermal
water. There are now hundreds of
production pumps operating in
geothermal wells producing hot
water for district heating and
power generation. 

There are several techniques for
pumping liquids to the surface.
The technology used in the geo-
thermal energy sector differs for

Powerful Production
Pumps to lift

the Economy of
Deep Geothermal Projects
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Technical Principles

Change of the ESPs at the geothermal power plant in Unterhaching. Due to separate pump
garage with a new pump the delay time of the pump exchange was reduced sigificantly.
(Source: Geothermie Unterhaching)



shaft.  Again, a frequency converter
is usually used to power the pump.
There are different limitations for
applications in deep geothermal
energy production depending on
the motor concept. 

Pump speed

In ESP, the downhole motor is
cooled by the pumped medium.
This means a minimum pump
speed is required to adequately
cool the pump motor. Under LSP,
the speed can be driven conti-
nuously and be started with a low
speed over ramps. There is no
minimum pump speed. 

Installation Location and

Depth

Depending on the effectiveness of
the motor seals, an ESP system
can be operated in nearly any
installation position or depth.
Pumps can also be installed in
strongly deviated wells and apart
from cost, the size of the pump is
the only limitation.
LSP motors can only work in the

upper undeviated part of the well.
Its limitations are the long shaft,
the shaft bearing and its lubrica-
tion. Dependent on the transferred
input rating, there are also limita-
tions on the installation depth of
LSP pumps.  Besides the increas-
ing length of the shaft, there is
also the hydraulic head and the
power increase required, along
with a varying water level in the
well. The stability of the shaft has
to be taken into account. To date,
the deepest installation handled
by an LSP pump (in a U.S. plant)
is 760 meters.

Well Temperature  

ESP motors are limited by the
operating temperature of their
deep location which can be consid-
erably higher than surface tem-
peratures. LSP motors on the
other hand only have to cope with
surface temperatures, even if
downhole temperatures exceed
200 °C. 

Armail Arutunoff developed ESP
techniques in the 1920s, taking
advantage of the early 20th cen-
tury boom in hydrocarbon pro-
duction. Since then, the technol-
ogy of the ESPs has been contin-
uously improved.
LSP is much older and first
introduced in the 1870s. How-
ever the development of oil
lubrication at the turn of the 20th
century helped LSPs to gain
much wider acceptance. For ex-
ample, LSPs were much used by
farmers in dry regions to pump
deep water for irrigation.
Today in the U.S., about 95 % of
geothermal plants produce deep
thermal water using LSPs. Their
reliability in high water tempera-
tures is an important advantage in
this market. 

Following an international work-
shop with geothermal experts and
representatives of the pump indus-
try, Molloy et al. (2009) published
a pump specification defining
boundary conditions for future
petrothermal projects. The re-
quirements were very ambitious,
especially with respect to produc-
tion temperatures and pump effi-
ciency and availability. 
Nonetheless, the Molloy specifi-
cation only partially met the
general framework for geothermal
utilization in the Bavarian Molasse
Basin. A pump completely suit-
able for the high production rates
and installation depth of geother-
mal wells in the Malm reservoir
has yet to be developed. The fun-
damental problem is that EGS
reservoirs need pumps capable of
handling water at high tempera-
tures, whereas water temperatures
in the Bavarian Molasse Basin are
relatively low. The Molloy speci-
fication requires pumps to be able
to handle fluid temperatures of up
to 230 °C. In other regions with
similar or higher capacity geother-

mal power plants – e.g. the Binary
ORC and Kalina plants – several
wells have been drilled. But these
wells are relatively shallow – none
exceed 5,000 meters – providing a
reasonable and economic approach
to achieve high availability.
To extract water with tempera-
tures higher than 120 °C in the
Bavarian Molasse Basin, much
greater well depths are required.
However this only produces a
production rate of 70 liters per
second, which is not economic
given the high costs of deep drill-
ing. Moreover, the hydraulic con-
ditions of the wells demand a high
subsidence of the dynamic water
table. The conclusion is that
pumps with a performance of more
than 1 MW hydraulic power are
required. 
These economic and technical
requirements bring ESP and
LSP-pump technologies to their
performance limits and demand
new innovations from the pump
industry. LSPs which are not yet
installed in the Bavarian Molasse
Basin can meet requirements if
well conditions and installation
depths are right. Up to now pri-
marily production depth was the
limitation. However there is an
LSP installed in the geothermal
project in Insheim, Rhineland-
Pfalz pumping to a depth of more
than 600 meters. In the U.S.,
there are LSPs with installation
depths of up to 760 meters
achieving production rates of over
100 liters per second.
Thomas (2013) published in the
journal of the “Association of
German Engineers“ VDI Nach-
richten the article “Deep Geo-
thermal Energy bring Pumps to
its Performance Limits“. This
article by Mr. Thomas described
experiences of various projects
operating in Germany which con-
cluded that pump technology has
not yet achieved the required
maturity. The article refers to dis-
cussions with manufacturers and
operators of units installed in
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Table 1: Pump specification matrix with an overview about the most powerful submersible pumps for deep
geothermal wells of different manufacturers. This matrix was compiled for a Workshop on pumps within the
frame of the Praxisforum Geothermie.Bayern in Munich in October 2013. The matrix was updated for this
publication and is based on manufacturer data.
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wells with groundwater tempera-
tures over 120 °C and production
rates exceeding 100 liters per
second.
However smaller pumps are run-
ning successfully at temperatures
up to 100 °C in geothermal projects
in Germany. LSP pumps have
operated geothermal projects in
Insheim and Landau for many
years very successfully. But their
production rates are below 100
liters per second. 

In October 2013 the manufac-
turers of pumps for deep geother-
mal applications were invited to
present their most powerful sys-
tems within a given specification
matrix at a workshop at the Praxis-
forums Geothermie in Bavaria.
The aim was to get an overview
about the applied technology and
the performance. 

The boundary conditions for the
specification matrix (Table 1) were:

Production rate more than
150 liters per second

Temperature of the produced
medium above 150 °C

Installation depth of
600 meters

The manufacturers showed three
ESPs and one LSP system. These
represented developments of
technologies already used in geo-
thermal energy production. The
various systems showed clear
technical differences. In the case
of the LSP system, the perfor-
mance has to be transferred by
increasing shaft length. For ESP
systems, motors have to be devel-
oped that can cope with high
liquid temperatures, and improved
seals to prevent water entering
the motor and to provide volume
for the expanding oil. 
The LSP system seems to have
the advantage if installation depth

is not an issue. In fact, the experi-
ences with installation depth over
700 meters and production rates
above 100 liters per second are
limited to certain projects in the
U.S. For ESPs in geothermal
applications, there is experience
with installation depths of up to
1,000 meters and production rates
of over 100 liters per second.
Indeed, the biggest pumps using
this technology are installed in
Bavaria. However, the lifetime for
these installations remains too
short and much longer lifetimes
are required. The manufacturers
said they were already working on
improved lifetimes. 

The challenge to design a pump
fulfilling the requirements of the
Bavarian power plant projects is
not yet solved completely. The
pump specification matrix shown
here shows the status of the tech-
nology that can be provided by
the pump industry today. Howe-
ver continuous and long term per-
formance of the technology has
still to be proven. 
LSPs with installation depth up to
760 meters are an option for some
Bavarian projects. But to use ESP,
further improvements are needed.
While the manufacturer is solving
some problems, pump lifetime
remains a big limiting factor. 
However it is likely that ESP
technology will develop under
demand from other industries

such as hydrocarbons, and the
geothermal industry should bene-
fit from this.
In conclusion, for the economic
development of new geothermal
projects, the base case requires a
pump with references and a prov-
en operational experience of
more than one year. The operator
needs to be able to run the plant
and generate electricity with a
standard pump economically. This
means the base case has to fit to
standard pump technology and
not to a prototype. 

Molloy, L., Lindsay, M. und Malo-
ney, M. (2009): The Lemelson
Meeting: Scoping the Design Crite-
ria for the Global Geothermal Chal-
lenge. GRC Transactions, 33.
Thomas, T. (2013): Tiefe Geo-
thermie bringt Pumpen an ihre
Leistungsgrenzen. VDI NACH-
RICHTEN, 46. 
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The key element of a geothermal
energy generation plant is the
amount of bound energy in the
hot water. That is why it is of the
utmost importance to carry out
precise production pump tests and
to pay attention to the technical and
safety design and implementation.
This includes the controlling of
flow rates of up to 150 l/s at tem-
peratures of up to 150°C, consid-
erable steam releases (Fig. 1) and
discharge temperatures of only
35°C. In deep wells, airlift pump-
ing tests are conducted for these
purposes, in order to analyse and
evaluate the productivity of aqui-
fers. Furthermore, these tests are
applied to clean the completed geo-
thermal well by removing residues
of cuttings and mud. Apart from
that, the results of the tests can
provide essential data for subse-
quent long-term pumping tests,
regarding both the construction of
the pump for the later design of
the power station and a possible
investment decision. H Anger’s
Söhne has completed many geo-
thermal projects in the past years,
and has successfully applied the air-
lift procedure for the test execu-
tion. In addition, Anger has always
been able to combine the necessary
components, like stackable bins,
cooling towers, pipelines and dis-
tributory pumps, with the digital
surveying in such a way as to achieve
the best results possible. 

The fundamental principle of
today's airlift pump procedure

goes back to the 1797 invention
by Carl Emmanuel Löscher. The
hydro-pneumatic operating prin-
ciple used is extremely robust,
environmentally friendly and space
-saving. Due to the simple con-
struction of the production system,
the construction requires little main-
tenance and significantly smaller
staff. Given the fact that it is a solely
pressure-based method, no cavita-
tion occurs and there are no wear
parts. Great advantages in contrast to
the use of an electro submersible
pump (ESP) are, firstly, the simple
control of the production flow with-
in a larger range during testing and
secondly the temperature resistance.
The pump is driven by compressed
gas, mainly air or nitrogen. For the
application in the field of geothermal
energy, the construction was adapted
to borehole conditions.

Using the airlift procedure, H Anger
Söhne was able to lift solids from
a geothermal well at a depth o
approximately 3400 m and there
fore successfully restore and guar
antee the flow paths of that par
ticular well.
A lot of experience and fine fee
ing is essential for an optimum
adjustment of the air volume
given that the system does no
react instantly and likewise all th
pump systems and aggregate
used need to be readjusted. It 
to be noticed that the system run
under the so-called steady-stat
condition, ie measured against th
at-rest water level, the drawdow
is constant at a constant produc
tion flow. This steady-state con
dition is supposed to be the resu
of testing; however it would als
be a mandatory prerequisite for 
prior construction or calculatio
of the system. An optimal dimen
sioning of the diameter of th
production casing is of particula
importance with regard to th
maximum achievable productio
rate in relation to the amount o
air injection. Given the aquifer 
sufficiently developed, it woul
therefore be necessary to use lar
ger diameters of production cas
ing in connection with higher a
volume flows, if required, in orde
to achieve higher yield. So far, th
systems used have been able t
prove a production volume flow
of 130 l/s. Attempts to achiev
higher production rates over 
longer period of time have no
been successful due to the existenc

Production pump tests
within the context of deep   

geothermal drilling for the
generation of electricity
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Fig. 1: Drilling rig during testing 
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compressor technology applied.
All of the parts which are exposed
to water, for example seals or
paint, have to be tested in advance
with regard to their temperature
resistance. Furthermore, special
attention has to be paid to the
professional and safety training of
all supervising personnel.
A lot of important survey data are
necessary for a successful inter-
pretation of the pump test. 

Short-term pump tests using the
airlift procedure are of utmost
importance for the evaluation of
performance and the best possible
cleaning of a completed geother-
mal well. Based on the received
results, further decisions can be
made regarding investments and
technical planning of the upcom-
ing continuous pump tests (pro-
duction and injection tests). Thus,
the dimensioning of the ESP can
be determined. Due to an improve-
ment of exploration strategies of
the flow horizon, it will become
necessary to implement pro-
duction rates of 200 l/s at higher
temperatures in the future. This
ambitious goal can be reached by
developing special calculation pro-
grammes for simulation and the
optimal design of the testing de-
vice, as well as by determinedly
making use of results and their
evaluation of test that have already
been carried out. 

conducted via cooling towers that
H Anger‘s Söhne and their part-
ners specially designed for this
purpose. The cooling towers are
shown in Fig. 2. During this pro-
cess, they are able to cool down the
water from 85°C to 35°C with a
production rate of 133 m3/hr per
tower. 

The amount of towers to be pro-
vided depends on the expected
production rate. In this regard, it
is also recommended to install
further cooling towers as backup.
Subsequently, the water either
can be stored in another pond
(e.g. earth reservoir), or it can be
discharged partly or entirely into
the sewage system or another suit-
able surface water disposal system.
Unfortunately, the maximum
discharging quantity into canals of
drainage utilities can be very lim-
ited sometimes, a fact that can
considerably restrict production
times of pump tests. In this con-
text, authorisations shall be obtain-
ed from the competent author-
ities, special-purpose associations
and owners in due time.
The execution of the pump tests
should always be conducted with
experienced staff. Special safety
requirements must be observed in
dealing with hot water and the

3Production pump tests

of restricted flow rates towards the
bore hole. However, as seen from
the perspective of the author, pro-
duction rates of > 150 l/s are possi-
ble with the airlift system that has
been employed so far. 

The aim of initial tests is to clean
the well from solids and particles
causing turbidity. Furthermore, it is
aimed at evaluating the borehole as
precisely as possible with regard to
the parameter “drawdown” in con-
nection with the production rate
incl temperature development. In
general, production rates to be prov-
en are predetermined by the test
geologist of the client. Mostly, these
are step programmes which are
suitable for the mammoth pump
procedure, for example 30 l/s; 60 l/s
and 80 7/s or 80 l/s, 120 l/s and 150 l/s.
As a rule, preventer equipment
shall be kept available and in work-
ing order during testing according
to the conditions of mining author-
ities. A pipeline system connects
the well head with the separator.
The separator splits air and water;
however, some water drops are
still included in and carried along
by the steams. Therefore, the
separator should be designed in
such a way that as few of these
water drops as possible are blown
out with the vapour directed
upwards. H Anger‘s Söhne has at
its disposal the equipment to meet
such high demands.
Following the separation unit, the
water is passed on to large con-
tainers which are hydraulically link-
ed to one another so that it can
cool down as quickly as possible.
Furthermore, this container system
also serves as a buffer volume for
the first, normally violent outbreak
at the beginning of the production
as well as for the adjustment of the
entire system to the given produc-
tion rate. Pile volumes of up to 600 m3

supplied by means of containers
have proven feasible. After the water
has cooled down to approx 80°C
inside these containers, it can be

Execution of Tests

Summary
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H. Anger‘s Söhne Bohr- und
Brunnenbauges. mbH

Gutenbergstraße 33
37235 Hessisch Lichtenau/Germany
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Dipl. Engineer
Berthold Kibellus

Fig. 2: Cooling towers for the cooling of

thermal water 
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In the Year 2013 the geothermal pro-
ject in Unterschleißheim which is
managed by the company GTU
Geothermie Unterschleißheim AG
has been in operation for 10 Years.
Since 2003 the geothermal heating
plant provides safe and ecologically
beneficial generated heat to the city
Unterschleißheim. 
The Project has been realized as the
first pioneer project that uses geo-
thermal energy from deep heat sourc-
es for heating generation in the area
of Munich. Nowadays in Bavaria
there are 16 projects in operation
which are generating heat and / or
electricity by using geothermal
energy from deep heat sources. 
The Project in Unterschleißheim
uses heat from deep geothermal
sources only for heating purposes,
respectively for district heating.
There is no additional generation of
electric energy, like e. g. in Unter-
haching. Having temperatures at
about 80 degrees Celsius on the top
of the production well and a flow rate
of about 90 liter per second the geo-
logical conditions are very good for a
generation of heat in combination
with a district heating system in
Unterschleißheim.
The main preconditions for every
project which is generating heat and /
or electricity by using deep geother-
mal sources is a successful drilling.
Concerning this matter the produc-
tion well named TH1 has been fina-
lized in a period of 24 weeks with a

final depth of 1.961 meters. The start
of the drilling work for that produc-
tion well was in January 2002. The
reinjection borehole has been com-
pleted in a period of 80 days with a
final depth of 2002 meters. 
By the completion of the borehole an
important milestone was reached for
a successful project realization. After
building the district heating system
and the construction of the plant
engineering the geothermal project
in Unterschleißheim started to oper-
ate in July 2003 with the supply of
heat for the indoor swimming pool in
Unterschleißheim.
The heat which is generated by using
deep geothermal heat sources is in
several aspects better for climat and

landscape compared to other renew-
able as well as conventional technolo-
gies of heating generation.
On the one side, by using a heating
system based on geothermal sources
there are much less emissions of green-
house gases (e. g. carbon dioxide)
compared to an alternative generation
of heat by using fossil fuels. For that
reason every Year about 9.000 tons of
carbon dioxide can be saved by the
geothermal heating plant in Unter-
schleißheim. On the other side by
using geothermal energy there is less
area needed compared to other tech-
nologies that uses renewable energy
resources for heat or electricity gen-
eration. The part of the geothermal
project in Unterschleißheim which is

The
Geothermal project

in Unterschleißheim
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A successful pioneer project managed
by the GTU AG in the region of Munich

Drilling works for the production well in detail 



heat was produced by the gas and oil
fired boilers. 
In an energetic point of view the
geothermal project in Unter-
schleißheim is very efficient: to
produce thermal power of about
36.000 MWh per Year with the
geothermal doublet an input of
about 4.000 MWh of electrical
power per Year is needed to run the
pumps in the geothermal production
borehole. For that reason the ener-
getic efficiency of the geothermal
doublet, also called annual perfor-
mance factor, is about 9. In an ener-
getic consideration that is much bet-
ter than a heating system which uses
geothermal energy from shallow heat
sources in combination with a heat
pump: in the latter system the annual
performance factor is about 4.5 if
there are good geological conditions.
As another option to use the geo-
thermal water the city plans to build a
bath which will be supplied by geo-
thermal water in 2015. That will be
another attraction for the people and
visitors in Unterschleißheim. 

two gas and oil fired boilers installed
with a thermal capacity of 9,5 MW
and 6.5 MW. In that context the
term geothermal doublet system
consists of a production borehole
and an injection borehole. Further-
more, the term geothermal heating
plant includes the geothermal
doublet system as wells as the
described gas and oil fired boilers
for covering peak load.

Today the geothermal heating plant
provides heat for 226 residential build-
ings with about 3000 flats as wells as
10 commerce buildings and 14 munic-
ipal buildings. In fact, about 25 % per-
cent of the city Unterschleißheim are
supplied by the geothermal heating
plant. The connected volume is
about 30.8 MW and the aim is to
reach a connected load of about 40
MW in the long term. The next
Photo shows a typical site where a
new district heating pipeline is built. 
The geothermal heating plant is
characterized by a large part of heat
which is generated directly by the
geothermal doublet: In the Year
2013 nearly 80 % of the total pro-
duced heat was generated by the
geothermal doublet and 20 % of the

39Geothermal project Unterschleißheim

located above the surface consists of
the plant engineering where the gas
and oil fired boilers to cover peak load
as well as the heat exchangers are
installed. The following Photo shows
the building in which the described
system engineering is installed.
Furthermore, the generation of heat
in Unterschleißheim by the geother-
mal heating plant does not depend on
weather conditions. The heat can be
produced all over the Year, e. g. in
2013 the plant was in operation for
almost 8700 hours.
To realize such a complex project, the
city Unterschleißheim has founded
an own project company named
GTU Geothermie Unterschleiß-
heim AG which has been able to find
project partners with specific know
how in the area of geothermal ener-
gy. That includes the project phases
planning, construction, operation of

the geothermal heating system as
wells as the acquisition of new custom-
ers and maintenance and service. In
that context, the main project part-
ners are the Steag New Energies
GmbH and Südwärme AG as the
plant operators and the company
ITW GmbH as the project partner
for customer service in Unter-
schleißheim.
The geothermal project with the
district heating system is in operation
since 2003 and supplies nearly a quar-
ter of the city with environmentally
sound generated heat. The installed
capacity of the geothermal doublet
system is about 8 MW (thermal).
With that geothermal doublet
system base load energy can be sup-
plied. To supply peak load there are
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Building for the plant engineering with gas and oil fired boilers as well as heat exchangers 

Typical site where a new district heating pipeline is built for the district heating 



The focus of industrial activities
in the Gersthofen Industrial Park
is on the production of chemi-
cals. Five of the world‘s leading
chemical companies are located
here and produce, among other
things, base substances for deter-
gents and cleaning agents, spe-
cialty polyester products, pig-
ments for the printing ink and
paint industry, and additives for
the tire industry. Energy costs are
a significant production factor for
these companies because running
the process equipment requires

process steam to be supplied in a
reliable, ecologically sensible, and
economically advantageous man-
ner.

A new combined heat and power
plant was put into operation by
site operator MVV Enamic IGS
in the middle of 2009, making the
steam supply in the industrial
park more economical for its
consumers. The fuels used here
are refuse-derived fuels (RDF),
which are solid materials with
medium energy content. They

consist of the combustible parts
of household and industrial waste
such as paper, textiles, wood, and
plastics. Approximately half of it
is of biological origin. Since the
middle of 2005, these materials
are no longer allowed to decay
unused in German landfills. As
they contain more energy com-
pared to normal household gar-
bage, they are extremely well
suited for producing electricity
and steam. 

Environmental Protection 
and Energy Efficiency

Go Hand in Hand 
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Given the rising energy and commodity prices, production companies are facing increasing pressure
to utilize resources more efficiently and to reduce material usage as well as associated costs. As a
result,“resource conservation and energy efficiency” will be among the key topics of the future. In the
Gersthofen Industrial Park, refuse-derived fuels have provided companies with favorable energy prices
and greater competitiveness for the last two years – while conserving natural (scarce) resources at the
same time.

“Economy and ecology in harmony“ is the motto of the Gersthofen Industrial Park 

The flue gas treatment system with
cooling tower is part of the state-of-the-
art RDF power plant



RDF power plants are not just an
important part of the recycling
cycle. By simultaneously produc-
ing electricity and steam through
power-heat cogeneration, the
fuel‘s energy content is realized in
the best way possible. What
ended up unused in landfills in the
past now replaces valuable crude
oil and natural gas.
IGS exclusively uses refuse-deri-
ved fuels specifically prepared for
energy generation. This means
that the fuel is subject to strict
classification and already under-

went sorting, chopping, screening,
and scrap metal separation before
being delivered.

Using refuse-derived fuels in a
modern plant tailored to the spe-
cific needs of the site allows envi-
ronmental protection and econo-
mic needs to be optimally harmo-
nized. As a result, this waste can
be utilized in a highly efficient
manner, which, in turn, is in
keeping with the political goals of
the Bavarian waste management
system. Moreover, it prevents
approximately 20,000 metric tons
of CO2 emissions per year. 

41Gersthofen Industrial Park

Info box / Industrial Park:

The operating company MVV Enamic

IGS provides infrastructure, supply, and

disposal services from one source for

the 12 companies located in the Gerst-

hofen Industrial Park. This also includes

energies and media brought to the pro-

duction facilities of the specialty chemi-

cals manufacturers here via an exten-

sive pipeline network. IGS is a wholly

owned subsidiary of one of Germany‘s

largest and most successful energy ser-

vice providers, MVV Enamic in Mannheim.

Technical data of the RDF power plant:

Amount invested:

approx. 30 million euros
Thermal output:

35 MW
Electrical power:

7 MW
Fuel quantity:

approx. 90,000 metric tons per year
CO2 reduction:

> 20,000 metric tons per year

Steam users in the Gersthofen Industrial Park have benefited from efficient energy
supply at low prices for two years now 

Small Mountains of Garbage,
Significantly Less CO2 Emissions 
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