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Kurzfassung
Verbundforschung für innovative
Turbomaschinen in Kraftwerksanlagen
Die AG Turbo, die vor rund 25 Jahren gegründet wurde, ist eine Plattform, in der sich die
vorwettbewerbliche, anwendungsorientierte
Turbomaschinenforschung in Deutschland
abstimmt und koordiniert. Dieser Zusammenschluss, dem Partner aus Hochschulen, Forschungszentren und der Industrie angehören,
ist in Europa einzigartig und findet weltweit
Beachtung. Im Zentrum der Forschung stehen die Turbomaschinen, die in den Dampf-,
Gas- oder Kombikraftwerken (GuD) für die
eigentliche Energieumwandlung sowie in den
Verdichtersträngen für die Abspaltung und den
Transport des Treibhausgases CO2 verantwortlich sind. Auf allen Stufen der technischen Prozesse – von der Verdichtung der Gase über die
Verbrennung in Gasturbinenbrennkammern
bis hin zur Expansion in den Turbinen – sind
Innovationen vonnöten, um die gesteckten Ziele
bei Wirkungsgraden, Zuverlässigkeit, Klimaschutz und Umweltfreundlichkeit tatsächlich
zu erreichen.
Neue, extrem temperaturresistente Werkstoffe (z. B. thermoschockbeständige Keramiken)
und Beschichtungen, optimierte Verfahren für
die Kühlung sowie die Abdichtung oder eine
perfektionierte Luft- bzw. Gasströmung in Verdichter und Turbine (Aerodynamik) sind hier
gleichermaßen wegweisend für die Entwicklungen der kommenden Jahre. In dem vorliegenden Beitrag werden anhand von ausgewählten
Beispielen einige erzielte Forschungsergebnisse
vorgestellt und ein Ausblick auf zukünftige Programme gegeben. 
l

Authors
Dr.-Ing. habil. Alexander Wiedermann
Member AG Turbo
MAN Diesel & Turbo SE
Oberhausen/Germany
Univ.-Prof. Dr.-Ing. Peter Jeschke
Member AG Turbo
RWTH Aachen
Aachen/Germany
Dr.-Ing. Dirk Goldschmidt
Chairman AG Turbo
SIEMENS AG
Mülheim a.d. Ruhr/Germany

2

Background: Germany’s
energy research initiatives
Energy and environmental technologies
are the major innovative research and
technology sections of the future, in which
the leading industrialised nations compete
to gain the technological leadership. As for
the time being fossil energy sources form
the back bone of the global energy supply,
they face severe demands on resources and
for environmental protection. As a result,
extensive research and development challenges arise for the industrialised countries in order to exploit the remaining
substantial efficiency potentials in energy
conversion. Germany as heartland of conventional power plant technology provides
today’s most advanced technologies for the
global market, and wants to secure in the
long term its export opportunities in this
domain by developing the necessary new
technologies and their applications.
Since the research and development initiative Cooretec – CO2 Reduction Technologies – was set up by the German Federal Ministry of Economics and Technology
(BMWi), the development of fossil power
plant technology has been guided by principles in favour of climate protection. A
framework for future research and technology has been established to reduce the
emission of harmful greenhouse gases into
the atmosphere. The BMWi has been continuing its policy to exploit the best energy
technologies available and hence to assist
the German turbo machinery and power
plant OEMs (Original Equipment Manufacturer) in the development and worldwide
marketing of environmentally friendly
power plant technology.
During the past years, renewable energy
has gained an important share in overall
power generation. Since natural energy
sources such as wind or solar are volatile
and, therefore, not always available on
consumers’ demand, operators of largescale fossil power plants are confronted
with new challenges in order to guarantee a
sustainable and consumer oriented supply
of energy to the end user. Finally, the terrible accident at the Dai-Ichi nuclear power
plant at Fukushima prefecture triggered by
the large North Japan Earthquake in March
2011, gave rise to world-wide re-evaluation
of the safety of nuclear power generation
which for many industrialised countries

has formed a back bone of the overall
power supply. In particular, the German
public has raised considerable concerns on
safety issues, leading to the establishment
of the so-called “Energiewende” (turnaround in energy policy). Its core issue is the
political decision to shut down all nuclear
power plants until 2022 and to replace
nuclear energy by the expanded use of renewables. Their share should reach 80 %
of gross electricity consumption by 2050
according to the goals of the 6th National
Energy Research Programme of the BMWi
agreed in the wake of the Fukushima accident [1]. To achieve these goals, conventional power plants fired by fossil fuels have
to assure high operational flexibility to
follow up the sharp gradients in the availability profile of renewable energy sources
which will be the new development driver
for plant turbo machines.
To meet the challenges mentioned above,
Germany’s major turbo machinery producers have established a partnership
among industry, the German Aerospace
Centre (DLR) and academia for more
than 25 years known as AG Turbo. In accordance with the energy strategy of the
German Federal Ministry of Economics
and Technology (BMWi), all OEMs aim
to optimise the usage of research and development budgets, potential outcomes
and public funding by exploring synergies between stationary turbo machines
and aero engines and by jointly establishing excellence centres for research and
development at various German universities all over the country. The impact of
AG Turbo joint research on more than
25 years of power plant turbo machinery development is outlined in the next
chapter. Furthermore, it will be pointed
out, how continuous focus will be put on
further developments of turbo machines
for sustainable, environmentally friendly,
reliable and affordable energy supply
with increased involvement of renewable
energy, and how to take into account the
significantly increased demands on power
plant flexibility. The close cooperation of
the partners from research and industry
ensures the optimum exploitation of technical and financial resources, it generates
synergies (as e.g. between aero engine and
power plant technologies), it avoids redundant developments, it promotes training
and qualification of scientists in various
fields of engineering sciences, and it finally

VGB PowerTech 4 l 2013

AG Turbo coordinates development of turbo machinery

Turbo machines for
flexible power plants

Foundation of
AG Turbo

Turbo machines for
future climate-friendly,
fossil power plants

Cooreflexturbo

AG Turbo
2020
Funding 34 million €

Progress

Turbo machines
for zero emission
power plants

Cooretec
-turbo

Efficiency up for
CO2 reduction
CO 2 reduced power plant:
500 MW on one shaft

AG Turbo II

High-temperature
gas turbine
DLRStudy
Aeroengines

Tech I + II
Flam I + II
Therm I + II

Guide
frame

1980

1985

1919

1995

Funding 26 million €
Cooreff

Funding 9.5 million €

Funding 19 million €
Funding 43.3 million €

2000

2005

2010

2015

2020

Year

Fig. 1. More than 25 years AG Turbo – Leading research programmes and public funding.

contributes to the fact that Germany has
occupied a leading position in the international competition in the seminal field of
turbo machinery for years.

AG Turbo – The German
platform for power plant turbo
machine development
Since its inception in 1985, AG Turbo has
set a milestone for an unprecedented cooperation between the partners from universities, research institutes, and industry
in the field of power plant technology.
Supported by public funding, at first by
the German Federal Ministry of Education
and Research (BMFT) and afterwards succeeded by the Federal Ministry of Economy and Technology (BMWi), a platform
for the long-term power plant research
in advance of product development has
been established in Germany to strengthen
the international high standard of German technology in this important sector of
energy conversion.
This concept has been the key to open technology potentials as an important contribution towards efficient usage of resources
which accelerate the process from basic
research to exploitation for industrial application. Synergies with aero-engine producers who belong to the network play an
important role. Worldwide, this partnership is unprecedented and an important
factor to sustainably secure the worldwide
competitiveness in the field of power plant
technologies and has contributed to Germany emerging as an attractive excellente
research and development site.
The establishment of AG Turbo had been
preceded by several studies on aero engine
development at the German Aerospace
Laboratory (DLR). From its beginning
AG Turbo has been structured in several
phases following the guidelines set by the

federal energy programmes which were in
place at the time being (F i g u r e 1). In line
with the Cooretec- concept of the BMWi,
AG Turbo has later focused on the challenges and priorities of the development
of turbo machines for zero-emission power
plants including turbo machines for carbon dioxide capturing, transport and storage. Since then, it has become the platform
for turbo machinery development for all
Cooretec working groups. Since its foundation date public funding of more than 130
million Euros supplemented by the same
amount by the industry partners have been
spent for AG Turbo projects. In the future
phase, Cooreflex-turbo, the AG Turbo will
put its focus on the development of turbo
machines for flexible power plants which is
in accordance to the priorities of the most
recent energy programme reflecting the
post-Fukushima period.
F i g u r e 2 provides an overview of the current partners of AG Turbo. Stationary turbo
machine original equipment manufacturers (OEMs) are represented by Siemens
AG, Alstom Power GmbH and MAN Diesel
& Turbo SE supplemented by the aero engine producers Rolls-Royce Deutschland
GmbH and MTU Aero Engines GmbH. Further partners are the German Aerospace
Laboratory (DLR) with various branches
and 15 universities spread across all German states. Each member company is represented by one speaker in the steering
board complemented by the representative of the German Aerospace Laboratory
(DLR) and two rotating speakers on behalf
of the universities. Joint projects with research institutes and universities contribute to a sustainable education of young
engineers who often join the sponsoring
industry partners. Since the beginning of
AG Turbo more than 250 young researchers have received their Ph.D. at the end
of the term of individual projects of this
network.

To support the idea of joint cooperation
between all partners, workshops are organised twice a year where results of current projects are presented and discussed.
Technical status seminars are held every
two years with contributions from guest
speakers invited from politics, public organisations and industry on theses occasions, supplemented by special symposia
on topics of current interest. The results
of the research projects are reflected in
reports and a great number of technical
publications in conference proceedings as
well as in recognised journals. Scope and
activities of the AG Turbo are outlined in a
brochure published by BMWi [2]. Information on research programmes, organisation
and news are frequently updated on the AG
Turbo web-site [3].

Achievements of the joint research
project platform AG Turbo
Major achievements during the period
from 1985 up to present are summarised
in Ta b l e 1. The exploitation of synergies with aero engine technologies elaborated in common projects with Rolls Royce
Deutschland and MTU have made it possible for stationary gas turbine thermal
efficiencies to keep pace with aero engine
performance neither compromising endurance and long overhaul intervals, nor the
low NOx emissions which are required for
gas turbines in power plants. This is equally
true for steam turbines, where the plant efficiencies were raised well over 40 % compared to figures in the range of 30 % more
than 25 years ago for both hard and lignite
coal applications. These improvements result in a reduction of the greenhouse gas
carbon dioxide emission by 20 to 30 %.
Combined cycle efficiencies of more than
60 % have been reached first ever at the
Irsching plant [4], AG Turbo could make
an important contribution through joint
research projects with several partners
with the aim to improve component design
methodologies. The significant rise in the
parameters of the thermodynamic cycle –
e.g. compressor pressure ratio and turbine
inlet temperature – could be achieved by
common research projects with the aero
engine OEMs, DLR and associated university partners. The development of extremely
temperature-resistant materials and coatings, efficient cooling techniques as well as
sealing technologies is strongly influenced
by the high standards in aero engine technology (F i g u r e 3), and synergies are extremely strong in these areas.
In detail, examples are selected to demonstrate the achievements of joint research
efforts. In case of combustor technologies, bulky silo type combustion chambers
became more compact and, finally, could
even be replaced by a hybrid burner ring
(HBR) combustor applied in some of the
state-of-the-art gas turbines (F i g u r e 4).
Besides reducing size and weight, the de3
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Tab. 1. Progress in gas and steam turbine
research.
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U Stuttgart
DLR Stuttgart

Fig. 2. Members of AG Turbo: Industry, research institutes, academia.
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Fig. 3. Synergies of stationary turbo machinery and aero-engine research and development topics.
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Fig. 4. Trends towards compact combustor design for stationary gas turbines (Source: Siemens).

velopment of more compact annular type
combustion chambers means great progress towards more uniform temperature
distributions at the high-pressure turbine
inlet with a reduction of hot streaks. Low
4
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extinction limit, research on stable operation of gas turbine combustion systems is
of utmost interest and conducted within
AG Turbo projects as pulsations caused by
thermoacoustic phenomena can lead to severe damage of the engine.
Another example of design towards compactness is shown in F i g u r e 5 which is associated with advanced aero engine compressor technologies adopted to stationary
gas turbines. AG Turbo projects could contribute to update aerodynamic and mechanical design systems for compressors.
Rise in compression parameters associated
with increased stability margin has been
achieved by theoretical and experimental
approaches conducted at various research
facilities. With the support of AG Turbo
funding a 4-stage compressor research test
rig has been built up at the DLR site in Cologne in a joint effort by several industry
partners. Projects have addressed transonic compressor design issues, compressor
stability, and casing treatment to enhance
the stability margin which may become
important for faster transients and more
frequent start and shut down cycles which
are expected in connection with more extensive inclusion of renewable power generation in the electricity grid of the future.
Turbine research is dominated by aerodynamic and structural design topics as
well as advanced material development
for extreme thermodynamic inlet flow
parameters which is also covered in the
joint programme. The design of air-cooled
gas turbines needs a good understanding
about the secondary flow system and the
cooling flow paths to achieve long endurance of all hot parts for high turbine inlet
temperatures. For steam turbines, threedimensional design techniques, as they are
common in gas turbine and aero engine
expansion units, have replaced the conventional design methodology by more
advanced blading design techniques over
the last 20 years (F i g u r e 6). The application of modern numerical techniques has
been the key for a better understanding of
secondary flow pattern which dominates
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Siemens GT V94.2 (1992)
• Mass ﬂux:
510 kg/s
• Pressure ratio: 11
• Stage count: 16
• Power:
166 MW

Siemens SGT5-8000H (2012)
• Mass ﬂux:
800 kg/s
• Pressure ratio: 19.2
• Stage count: 13
• Power:
375 MW

efforts to protect the environment against
harmful emissions of the green house gas
carbon dioxide, they play a significant role
since compressors are necessary for transport and storage of large amounts of CO2.
Moreover, in pre-combustion or oxy-fuel
processes they are required for air separation and will become integral elements of
the energy conversion process consuming
up to about 20 % extra power for the carbon-capture and storage (CCS) process.
Since project phase Cooreff-T (Figure 1)
AG Turbo projects have been in accordance
with the Cooretec initiative of the BMWi,
and since that time research and development projects for industrial compressor trains have been included in the joint
research platform. In most of the cases
centrifugal compressor stages are driven
by industrial steam turbines of high operational flexibility powered by rather lowcalorific steam which in case of cryogenic
air separation may be produced during the
process. F i g u r e 7 shows an example of
a gear-type compressor for very high pressure ratios where individual stages are arranged around a central drive wheel with
inter cooling of the compressed medium
after each stage to reduce power demand.
Research projects deal with compressor
stage development, low solidity diffuser
and volute optimisation, as well as with
system integration of all components.

Changes:
• +57 %
• +75 %
• _19 %
• +126 %

Fig. 5. Highly loaded compressor development for modern power plant gas turbines
(Source: Siemens).
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The AG Turbo is based on the requirements
of the German Federal Ministry of Economics and Technology (BMWi) to implement
the energy strategy of the Federal Government and will make an important contribution in the context of the sixth national
energy research framework programme. It
is aimed to focus on further developments
of turbo machines for sustainable, environmentally friendly, reliable and affordable

c

Figu. 6. S
 team turbine blades based on 3D design technologies to minimise secondary
flow losses (Siemens, Alstom).

the loss mechanism in expansion stages.
In addition to the building, the interaction
with diffusers and other connecting channels are a topic in a wide range of AG Turbo
research activities.

Industrial compressors have been essential
components in power plants as auxiliary
units e.g. fuel gas compressors which do
only have a minor impact on the overall
plant efficiency. However, along with the
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Fig. 7. Carbon dioxide transport with multi-stage centrifugal
compressors: Research topics (Source: MAN).
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Fig. 8. D
 evelopment driver for modern plant turbo machines
(Source: Alstom).
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of about 25 partners which are clustered in
the 4 major headline topics: compression,
combustion, cooling management and expansion (F i g u r e 9).

Cooreflex-turbo
Flexible turbo machines

Compression

Summary

Combustion

Cooling management

Expansion

Fig. 9. Project structure of AG Turbo joint project Cooreflex-turbo.

energy supply with increased involvement
of renewable energy, and to take into account the significantly increased demands
on flexibility of power plants.
The major goals of the 6th National Energy
Programme reflect the consequences of
the disastrous accident at the Fukushima
nuclear power plant and aim for
–– Shutdown of all nuclear power plants
until 2022,
–– 80 % reduction of green house gas emission until 2050,
–– 50 % reduction of gross electricity consumption until 2050, and
–– 80 % share of renewables in gross electricity consumption until 2050.
These bullet points are the development
drivers for flexible plant turbo machines.
However, they must also meet the Reliability, Availability, and Maintainability
(RAM) requirements in order to secure a
sustainable, stable and affordable power
supply which in return meets the consumers’ demands reliably (F i g u r e 8).
Joint projects of the new AG Turbo phase
“Cooreflex-turbo” have therefore been
proposed and approved by the funding authorities in accordance with the
goals of the new energy research programme. In summary, the research topics of the new phase starting in 2013
for the development of highly flexible
power plant turbo machines will back the
following guidelines:
–– High operational flexibility,
fast availability

6

– Compensation of grid instabilities by
ensuring fast operational transients
and securing reserves for peak load
periods
– Fast starts, fast shut-downs
– Parking at low load, e.g. during night
time
–– High net efficiencies at full- and part
load operation
– Combined cycle efficiency target		
> 63 %
– Combined heat power potential		
~ 90 %
– Safe operation and satisfactory efficiency values down to 40 % combined
cycle load
–– Low emissions
– Low soot-, NOx- and carbon oxide emissions at all operating conditions
– Optimised fuel efficiency and limited
CO2- emissions
Regarding these requirements, the research area is extended towards development of gas and steam turbines at flexible
operation instead of base load only, and
flexible compressor trains. Further emphasis is put on common topics as design
methods for increased endurance limits,
multi disciplinary design approaches,
novel sealing concepts for flexible operation and plant component integration both
optimised for flexible operation. All these
issues are represented by corresponding
research projects.
In total, the new joint project will contain
more than 90 individual research projects

AG Turbo, established about 25 years ago,
is and will remain a platform where precompetitive, application-oriented turbo
machinery research in Germany is agreed
and coordinated. The research directives
are determined in close relation to the national energy programmes of the Federal
Ministry of Economics and Technology
(BMWi) where public funding is provided
to cover about 50 % of the overall research
budget. The achievements of the research
projects are reflected in the high development level of power plant technology
“Made in Germany”. The close cooperation
of the consortium partners from research
and industry ensures the optimal exploitation of technical and financial resources,
it generates synergies (as e.g. between
aero engine and power plant technologies), it avoids redundant developments,
it promotes training and qualification of
scientists in various fields of engineering
sciences, and it finally contributes to the
fact that Germany has gained a leading
position in the international, competitive
and seminal field of turbo machinery for
years.
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