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Abstract: With the increasing demand for electricity, an efficiency improvement and thereby reduced CO, emis-
sions of the power plants are expected in order to reach the goals set in the Kyoto protocol. In comparison to
conventional systems, the hybrid systems with the use of synergetic effects offer the possibility to provide a
subst antial contribution to spare our natural resources and protect our environment.

Combined Cycle Pow er Plants belongs innately hybrid system in the centralized energy market:\They can
provide large amounts of pow er and have a quick start up time. The MGT/ FC hybrid system is\quite promising
in the decentralized energy market. It is widely used in stand alone applications) Furthermore, the combination
of fossil and renewable pow er plant technologies contains a large synergy-potential to increase theefficiency of
processes for power plants.

New materials, mnovative cooling technology, new combustion-concepts and optimized production methods
are needed to make the potential of these new-technologies accessible for-a_quantum leap in-the efficiency. For

this it needs considerable research.w ork and-good coordinated research projécts bet ween the state, industry, re-

search laboratories and universities.
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Nomenclature

CHP combined heat and power

EU European” U nion

FC fuel cell

MGT micro gas turbine
PAFC  phosphoric acid fuel cell

PEFC  proton exchange fuel cell
SOFC  solid oxide fuel cell

Introduction

Energy is the source of general well being
and provides the standard of living in every
country. The energy production itself is faced
with the increasingly stringent emission regula
tions to safeguard health and preserve the envr
ronment for future generations.

With the increasing requirement of electricr

ty, an efficiency improvement and thereby re
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duced CO2 emissions of the power plants are ex-
pected in order to reach the goals set in the Kyo-
to protocol. For Germany, the current predictions
assume that 20% more electrical power will be
generated in 2020 using about the same amount
of fuel as now and that over 50% of the power
will come from coal and lignite burning steam
power plants. T he only way to achieve this is to
increase the efficiency. T herefore, new technolo-
gies and new concepts, in combination with an
increase in the efficiency of systems for fossil
primary energy carries as well as renewable en-
ergy, have to be developed.

These new power plant technologies and al-
ready used technologies should meet the criteria
to cope with the requirement of generating elec

tricity, heating and cooling in the future. Most
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important requirement to such systems is the e
conomical use of natural resources, which can be
guaranteed by increasing the efficiency of the
part processes or components in particular. The
reduction of the CO2 emissions is another target
in energy conversion to improve the environmerr
tal compatibility of the technology used. At last
the energy conversion technology must have
sales opportunities on the world market to justr
fy the enormous amount of money for new and
further development[l’zl .

Hybrid systems currently are a promising
way to meet the requirements of the future ener-
gy market. They are distinguished by the fact
that two different technologies will be used in
the same system for the same purpose. In the
case of generating electricity, heating and/or
cooling, two energy conversion technologies will
be combined with each other. The sub-processes
in the hybrid-systems are energetically coupled,
instead of running separately. Therefore; taking
advantage of synergy effects will be pessible, a
combined efficiency, which Gs higher than that of
the sub- pro cesses;can be achieved.

Combined Cy¢cle Power Plants\are innately
hybridsystems in the centralized energy market.
The combined cycle power plant is a combination
of the gas turbine and the steam turbine, adding
together many of the advantages of the both.
They can provide-large amounts of power with
their quick start up time. They have a short de
livery time, a low heat rate, and the capital cost is
an effective compromise between pure gas and
steam turbine plants. In combination with an up
stream gasification plant, combined cycle power
plant technology can also be applied for nomr corr
ventional fuels such as coal, petroleum coke or
liquid refinery residues.

In the European Union (EU), it has been
decided to deregulate the electric energy market.
The different states of the European Union have
to realize this decision and are in different stages
of transforming the market. In Great Britain, for
example, the transformation was started very

early whereas the electric energy market in

France still is mainly centralized. Deregulating
the electricity market leads to the necessity of
smaller energy conversion units that can provide
both electricity and heat to the costumer. The
market transforms to a decentralized market
with new combined heat and power (CHP) u-
nits. The special motivation for the choice of
such an innovative technology is, apart from reli-
able power supply, the opportunity to use the
thermal energy for heating or for process heat
with a very high level of fuel utilization.

Hybrid systems containing a number of
power generation devices such as wind turbines,
photovoltaic, micro hydro and/or fossil fuel gen-
erators are generally independent of large cen-
tralized electric grids and-are used in remote are-
as. These systems rangefrom small systems de-
signed for one or'several homes to very large
oneés for-remote island grids orlarge communi-
ties./T'hey are-seen as'a way'\to provide power to
the many remote communities in the developing
world, where the costs for large scale expansion
of electrieal gridsis prohibitive and the transpor
tation-eosts of diesel fuel are also very high.

Both micro gas turbines (MGT ) and fuel
cells (FC) with an electric power range up to
some 100 kW could be such units to cover the
heat and electricity demands of residential es-
tates and small industrial areas. MGT/FC hy-
brid-systems could be a promising energy provid-
er in stand-alone applications. A very high relia-
bility of the energy conversion system is deman-
ded.

The combination of fossil and renewable
power plant technologies contains a large syner-
gy potential to increase the efficiency of proces-
ses for power plants. Further investigations may
focuses on gas turbine and solar thermal plants,
gas turbine and fuel cell plants, gas turbine and
wind power plants, steam turbine and geother-
mal plants as well as steam turbine and solar

thermal plants.

1 Combined cycde power plant process

The combined cycle power plant process be-
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longs to the group of hybridsystems, as shown
in Fig. 1. Such power plants could consist of gas
turbines, which are coupled to steam turbines by
a water steanr cycle. By using the waste heat of
the gas turbine for the steam generator of the
steam turbine process, a high synergetic effect is
reached. Nowadays the highest efficiency of this
energy conversion process on the base of natural
gas in commercial use is 58%. The availability of
such systems is clearly over 98%. Research work
for development of new high temperature mate
rials and cooling technologies in combination
with new materials and structures can lead to a
efficiency of 65 to 70% within the next 5 to 10

[3]
years .

Heal recovery
steam generator

1

Cooling lower

Fig. 15 Ilustration of a combined cycle

power plant process

By increasing the efficiency of, pow'er plants,
not only that of the individual components, but
also that of the interaction between the com po-
nents, an important contribution to the preserve
tion of natural fuel resources and reduction of e
missions can be made. At present modern natural
gas fired combined gas and steam turbine power
plants can achieve total efficiencies of up to
58% . T his implies turbine inlet temperatures ( as
defined in DIN ISO 4341) of approximately 1 230
C in gas turbines and of a maximum of 600 C in
steam turbines. With these fluid temperatures
one already reaches or even goes beyond the load
limits of currently applied materials, which
makes complex cooling technologies for the gas
turbines, sophisticated constructions and revr
sion manuals necessary, if one wants to guaramr
tee a secure and long operating life.

The insight gained so far suggest that, comr

pared to the present stateoftheart turbines
with ISO turbine inlet temperatures of 1 230 C
and live steam temperatures of 580~ 620 C, the
operating parameters of future plants such as
tem perature and pressure should be considerably
increased.

To achieve a total efficiency of 65% it will
be essential to realize gas turbines with combus-
tion chamber outlet temperatures of 1 520 C at a
pressure of 17 bars. T hese high process parame-
ters can be controlled by developing new materi-
als, including thermal barrier coatings, in combr
nation with improved cooling technologies. Im-
provements to one component only, as e. g. just
the gas or steam turbine, will only achieve their
full potential if these turbines are tuned to one
another as far as theirprocess parameters are
concerned: T he possibilities ofincreasing the op-
erating fluid temperatures\ by\solely developing
the structural-materials are limited both with
9% ~ 12% Cr steels\and with single crystal nick-
el-alloys el

Because of this the foundations for the inno-
vative-design of the thermally and mechanically
highly loaded components for optimized process
control have to be laid by the combined interdis-
ciplinary research of experts in fluid dynamics,
structural mechanics, materials sciences and pro-
duction engineering.

This means for the gas turbine the realiza-
tion of more effective cooling technologies that
also use less cooling fluid as, e. g., effusion cool
ing for the combustion chamber and the blading.
Effusion cooling with a gaseous fluid can be seen
as the first step towards transpiration cooling,
which is expected to yield even higher efficien-
cies due to the evaporation that is associated
with it.

In principle the efficiency increase of the en-
tire process is achieved by increasing the differ-
ence between the maximum and the minimum
process temperature. T his means that an increase
in turbine inlet temperatures is sought as a con-
tribution to efficiency increase (cf. Fig. 2). 1t is

clear that for the gas turbine in particular im pro-
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ving only the structural materials will not suffice
to control the high operational temperatures of
the hot gas. Only by intensively cooling the highr
ly loaded components, for example the blades in
the first turbine stage, gas turbine inlet tempera
tures of near or over the melting point of super
alloys are made possible. The efficiency of all
cooling technologies, i. e. impingement, convec
tion and film cooling, has been improved during
all stages of their development'™ . Transpiration
cooling is expected as the advanced cooling teclr

nology in the long term.

Progressive

cooling technologies
Fluid temperature Novel
thermal barrier
/ coatings
AA ‘

//"I'hrrm.ll barrier coatings
—

l.m»lmgT New
%% Material h-mlwr(mnr*

oIDG Temperature

Total efficiency

materials

-

Fig. 2 Efficiency dependence on the inlet

temperature of turbine

Film cooling entails the risk of generating
(under special operating, conditions) lecal turbuwr
lence, which ‘can lead to overheating of the sur
face. T hese effects, which reduce the life span-of
a part significantly, should he avoided-by realr
zing effusion (and in the future transpiration)
cooling. The insights gained so far in the re
search attest that"the potential risks can be re
duced to a great extent by applying porous
cooled structures.

Theoretically, applying ZrO> thermal barrier
coatings would make an increase in the turbine
inlet temperature of 150 K possible, but this po-
tential cannot be used at present, because the life
span of these coatings has not yet been repro-
duced in a quantifiable way. T his means that the
cooling has to be designed in a way that enables
the structural material to withstand the local o
verheating caused by the blistering of the ther
mal barrier coating for a certain period of time.
By changing to effusion cooling the tendency for
blistering should be reduced and at the same

time the required amount of cooling fluid should

be decreased. Both will help to increase the pow-
er plant efficiency. Only by combining effusion
and transpiration cooling respectively with ther-
mal barrier coatings the envisaged efficiency will
be attainable.

Figure 3 shows the schematic configuration
of a transpiration cooled combustion chamber
wall The structural material supplies the open
porous intermediate layer with cooling fluid
through a number of chambers. The intermediate
layer is protected from the hot gas by a permea-
ble thermal barrier coating. At the surface of the
part, i. e.on the hot gas side, the cooling fluid es-
capes over the whole of the surface, thus ensu-
ring the development of a homogeneous cooling
film. The outer layer of a future\ gas turbine
blade could be conceived similarly to the com-
bustion-ehiamber wall. T\here /are two different
coricepts-that could realize\such systems. On the
one hand holefi-elds ‘consisting of laserdrilled,
contoured holes are investigated, on the other
hand open porous metallic foams. A homogene-
ous cooling Tilm-on the surface is achieved by the
specified-contouring of the holes and their geo-
metrical distribution. T he film inhibits the con-
tact between the cooled structure and the hot
gas M,

The method of the porous structures can be
realized by the fabric structures in the higlr tem-
perature area of the steam turbine ( Fig. 3, lower
left part) . T he cooling steam could be guided for
a convective cooling of the component through
sealed porous cavities'

For the extraction of the condensed water in
the low-pressure steam turbine a chamber sys-
tem could be realized as well. For this, the con-
cept of the cooling is turned around and the wa-
ter is guided through the porous layer in the
chambers ( Fig. 3, lower right part).

2 MGT/ FC hybrid system

MGT/FC hybridsystems up to 10MW could
be a promising energy provider in stand-alone
applications. They can be applied in residential

area as well as in small industry, trade and serv
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ices or public buildings. T hey offer an opportunr
ty for an environmentally friendly electricity
supply and, at the same time, a cooling and heat

supply with a high fuel utilization.
2 1 Basic concept of MG'T/ FC hybrid system
Studies on plant concepts for SOFC/GT-

systems have attracted more attention._re

80

oIDG

[Nlustration of the cooling and water extraction technolgy in combined cycle pow er plant

[1316

cently!™'™ A hybrid system consisting of a mt

cro turbine and a SOFC(Solid Oxide Fuel Cell)
achieves electrical“efficiencies that are compara-
ble to these of large power plants and beyond,
especially-in the case of direct-integration and
high/ SOFC-operating '\ temperatures and turbine

inlet temperatures, as shown in Fig. 4.
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Fig. 4 Relation between plant capacity and electric efficiency

An MGT (Micro Gas Turbine) has a smakt
ler volume and weight but also a lower efficiency
(about 30%) and larger emissions than a “ nor
mal’ gas turbine. T herefore, an MGT working as
a standralone device generates not much benefit.
A fuel cell is a clean energy generator and has a

considerably higher and constant efficiency even

at different operating temperatures, but its vol
ume is still extremely large.

Normally, the fuel cell is a SOFC, which
works at temperatures of about 950 C, so that
the temperature level of the exhaust heat is high
enough to be used for the operation of a micro

turbine. At the same time the exhaust heat of the
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turbine can be utilized in the fuel cell for the pre
heating of cathode gas and anode gas. T he fuel
tilization of solid oxide fuel cells lies in the range
of 80% to 85%. Therefore, a further enhance
ment of the efficiency is possible by an additional
combustion of the fuel cell exhaust in the com-
bustion chamber of the turbine. This means that
hybrid MGT/FC systems could be a promising
technology for the decentralized power supply.
More research needs to be done in order for the
FC to increase the specific output and decrease
its volume.

It should be mentioned that the estimated
efficiency of PEFCs and PAFCs are both some
what higher than the field test results from the
DoD (Department of Defense (UK)), which are
marked as green dots in Fig. 4.

2 2 Application of hybrid system
The world’ s first SOFC/gas turbine hybrid

system was delivered to Southern California Edi-
son for operation at the U niversity of California,
Irvine’ s National Fuel Cell Research Center. The
hybrid system includes a pressurized SOF C mod-
ule integrated with a micro turbine/generator
supplied by Ingersoll-Rand Energy Systems
(formerly Northern Research and Engineering

Corp. ), as shown in Fig. 5. The system has a to-
tal output of 220 kW, with 200 kW from the
SOFC and 20 from the micro turbine generator.
This system is the first-ever demonstration of
the SOFC/ gas turbine hybrid concept. T he sys-
tem was tested at the NFCRC to determine its
operating characteristics and operating parame-
ters. Till January 2002 the system had operated
for 900+ hours and had“demonstrated 53 % e
lectrical efficiency. Eventually, such SOFC/ GT

hybrids-should be\capable of electrical efficien-
cies of 60% ~ 70% .

(a) 220%W hykrid
SOFC/MGT system demo—
mstrated at'\California

cabinets

Efficiency:53%
Output:220 kW

Electrical

dc/ac Inverter

System illustration of the 220 kW hybrid SOFC/MGT system

Source:Siemens and Weslinghouse

Fig.5 World’ s first hybrid SOFC/MGT system

2 3 Integration of MGT and SOFC via heat
exchanger

T he simplest fuel cell/ gas turbine cycle comr
sists of a coupling of the two components by a
heat exchanger. In this case the fuel cell exhaust
gas heats compressed air in the micro gas turbine
recuperator, as shown in Fig. 6. As this concept
leads to high temperatures at the recuperator ex
it, there is only small additional firing necessary

to reach the nominal turbine inlet temperature,

provided this is in the same range as the temper
ature of operation of the fuel cell. The high tem-
peratures that occur in the recuperator require
special materials, however, particularly high tem-
perature alloys or expensive ceramics''”'. T here
is still the need to develop mexpensive and heat
resistant materials, resulting in components with
a sufficient lifespan. The same problem occurs
at the interconnection between SOFC and recu-

perator. An additional problem in this area is the
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necessity for adapting the cooling system of the
combustion chamber walls to the elevated tem-
peratures of the entering gas. Often the combus
tion chamber is kept in operation after the intro-
duction of the fuel cell exhaust gas into the
process. This is done in order to reach the maxr
mum turbine inlet temperature. But then the film
cooling of the combustion chamber walls has to
be modified in such a way that the admissible
material temperatures are met. Otherwise, also in
this area new materials have to be applied. Ar
other possibility is to omit additional combustion

and to accept lower turbine inlet temperatures.

]

Fuel SOFC

@

Fuel
Air

Fig. 6 Integration of a micro turbine and

an SOFC by~a heat\ exchanger

With a' recuperative combination of ~an
SOFC and a micro gas turhine an electrical effr
ciency of 53% is obtained, if an SOF C-tem pera
ture of 950 C at a turbine inlet temperature of
920 C and a pressure ratio of 6. 5 are assumed.
An increase in the“gas turbine inlet temperature
by additional firing in the combustion chamber of
the gas turbine leads to a loss in efficiency, as
part of the fuel is only utilized in the gas tur
bine. If the allowable turbine inlet temperature is
below 920 C, the exhaust heat of the fuel cell is
only partially utilized and the efficiency will de
crease. This leads to the optimum of efficiency at
920 C. An increase in the SOFC temperature
causes a moderate augmentation of the electrical
efficiency; due to the higher operation tempera
ture the air surplus at the cathode of the fuel cell
decreases. If future development of materials
technology for micro turbines with turbine inlet
temperatures of 1 500 C is assumed, this will

lead to system efficiencies as represented in

Fig. 7. The graphs demonstrate that the high e
lectrical efficiencies of SOFC/M GT-systems in-
tegrated via heat exchangers require increased
SOF CG-operating temperatures, whereas higher
turbine inlet temperatures obtained from addi
tional firing reduce the efficiency of this plant
concept over the entire investigated range. Pres-
sure optima of systems without additional firing

SOFC operating temperature 950 C.

Turbine inlel lemperature
> 06
£ 950
=
& os| [
< 1200,
% 04f 1370
>
-}
£ o3p 1500
£
@ 02}
1 i 1
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Gas turbine pressure ratio
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95%C

o
o
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o
in

Electrical system efficiency
o
S
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) 1 1
0'12 4 6 8
Gas (urbine pressure ralio
Fig.7 Integration of SOFC and MGT by heat

exchanger: Influence of gas turbine pressure
ration and turbine inlet temperature on

efficiency ( SOF G operating temperatures

are 950°C and 1000 CI2%1)
are shifted to lower values compared to other
studies conducted by e. g. Winkler & Lorenz,
2000'"*

losses due to higherpressure ratios -particularly

. The reason for this is that additional

on the micro gas turbine side were taken into
account here.

When the SOFC and the MGT are coupled
by a heat exchanger, powerto-heat ratios of up
to 2 1 are realizable at a maximum SOFC- tem-
perature of 950 C and at an exhaust temperature

of 90 C at the stack. At SOFC operating temper
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atures and turbine inlet temperatures of 1 000 C
this coefficient increases to a value of 2 43 be
cause of the enhanced electrical efficiency of the
system. A large variety of powertoheat ratios
presuppose the possibility of separate operation
of the fuel cell and the micro gas turbine, which

is facilitated by bypass pipes and valves.
2 4 Direct Integration of MGT and SOFC

An alternative to combining a fuel cell and a
micro gas turbine is the direct integration of the
two components. If this is the case, the SOFC
can be operated at higher pressure, which is berr
eficial for its efficiency and exegetic losses at
heat exchangers are reduced. T his configuration
offers an electrical efficiency of 56 6% , assuming
a conventional turbine inlet temperature and an
SOFC operating temperature of 950 C. T his re
sult is in agreement with other studies based on
state-of-the-art technology. The plant concept

for this configuration is shown in Fig. 8.

Fuel ,

SOEC

®
; i II“.I

Fig.8 Direct integration of a micro turbine
and an SOFC

The fuel cell exhaust gas still contains 15%
to 20% of the original fuel as residual combustr
ble substances. T hese can be utilized for further
temperature increase before the hot gases are ex
panded in the micro gas turbiné'”, yielding a
temperature gain of 160 C at reference point op-
eration (T'sorc= 950 C,T= 6 5) .

This operating point represents the basic
condition on which further parameter variations
of design point operating parameters are based.
Compared to the original concept, where residual
fuel is burnt for additional internal cathode/arr

ode gas preheating, this alternative design re

quires increased internal anode and cathode gas
recirculating for temperature equalization.
Particularly at higher SOFC operating tem-
peratures and intermediate to higher pressure ra-
tios a significant increase of efficiency can be ob-
tained compared to the original concept (Fig.9).
In the left graph of Fig. 9, an optimum of effr

SOFC operating temperature 950°C

Turbine i
950° urbine inlel lemperalure 1200

Turbine inlet temperature
950°C:without additional combustion

Electrical system efficiency

03 1200°C~1500°C:with additional
Combustion
0.2 i L 1
2 4 6 8 10

Gas turbine pressure ralio

SOFC operating temperature 1000°C
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%- 06 950 142)7_0;'(2___
‘©
&
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)
_g' 04 Turbine inlet temperature
'E' Turbine inlet temperature
£ 03f 950°C:without additional combustion
= 1200°C~1500°C:with additional
Combustion
0.2 1 1 1
2 4 6 8 10

Gas \urbine pressure ratio
*) limitation at high pressure by ¢_, >1

Fig. 9 Direct integration of SOFC and MGT by heat
exchanger: inf luence of gas turbine pressure ration
and turbine inlet temperature on efficiency
(SOFG operating temperatures at
950 C and 1000 CI201)
ciency of the system without additional firing
should be expected below the pressure range un-
der investigation. For all scenarios assuming ad-
ditional firing in the gas turbine combustor, the
efficiency increases with pressure. T he reason for
this behavior is that a larger portion of the fuel
is added in the fuel cell rather than in the gas
turbine combustor. This is reflected by an in-
crease of temperature augmentation by residual
fuel combustion compared to the above men-
tioned basic condition. It leads to a better fuel u-

tilization at given turbine inlet temperatures.
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The addition of conventional fuel should be
limited to a minimum amount, in order to maxr
mize the efficiency gain. This requires approprr
ate burner systems, which avoid flashback and
ensure stable premixed combustion with a low a

mount of auxiliary fuel.

2 5 Efficiency improvement of the MGT/ FC
hybrid system

For small plants (taking into account that
the plant should be as simple as possible), the
highest efficiency potential is offered in the long
run by a direct connection between a micro gas
turbine and an SOFC with an internal methane
reformation. Figure 10 shows an efficiency po-
tential of app.73% for the new technology. For a
turbine inlet temperature of 1 300 C the optr
mum SOFC temperature is 1060 C and this cor
responds to the current upper limit. In such a
process, the energy of the fuel that is not conver
ted n the SOFC will be utilized to increase the

temperature of the hot gases entering.the SOF C.
o

Effciency/%

691

T<
67 1300°C,

7\4».:
1060°C,

1
Increase of SOFC operating temperature

65

Fig. 10 Influence of the component efficiency

im provement to the total efficiency increase

It is shown in Fig. 10 that for a turbine inlet
temperature of 1500 C the optimum SOF G tem-
perature lies at 1 120 C; this goes beyond the
current state of the-art maximum material tem-
peratures. Current development trends in the
realm of SOFC fuel cells show no tendency to
wards higher temperatures, but on the contrary
to a reduction of these temperatures. T he reason
behind this is that at the moment the primary

aim is a quick reduction in nvestment costs. T his

Wind power plant

i

i

Steam turbine
plant

Gas
turbine
plant
— ][L.«

b igU_L

Fig.11 Hybrid systems with fossil and renew able

power plants and boundary conditions for
energy supply systems
means that the starting point for the shown effi-
ciency potential isniot given at“the moment. It is
expected that \the ‘total efficiency for the direct
integration-hybrid system ‘will reach 75% in the

future.

3  Synergy potential of fossil and
renewable power plant technologies

The-combination of fossil and renewable
power plant technologies contains a large syner-
gy potential to increase the efficiency of proces-
ses for power plants. T he involved sub processes
do not operate separately, but with energetic
coupling, so they are called “ hybridsystems”.

The most important requirement to such
systems is the protection of natural resources
and reduction of associated emissions, which can
be ensured particularly due to the use of renew-
able energies as well as the increase of the over
all efficiency of the involved systems and compo-
nents.

Due to innovative and efficient process man-
agement high temperature heat from concentrat-
ed solar systems can be used to reduce the fuel
consumption of gas turbines. Furthermore a high
temperature fuel cell plant can be integrated as
healt resource into a gas turbine process. For
maximum overall efficiency the combustor of the
gas turbine has to be replaced by ahigh tempera-

ture fuel cell.
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The heat in a water steam circuit can be
supplied by solar thermal or fuel cell power
plants to provide heat for the high temperature
pre heating of the feed water. The low-pressure
pre heating can be realized using the coupling
with geothermal power plants. The extraction
steam, which is used in conventional steam pow-
er plants for heating the feed water, can now be
used for additional energy conversion in the
steam turbine, which leads to a power increase
and therewith to an efficiency increase without
using more fuel.

The integration of wind power plants with
the hybrid process offers useful synergy poterr
tial in two different ways:

* Using ingenious dynamic automatic corr
trol systems, wind power plants should stay lomr
ger at the power grid even at low and high wind
speeds.

* Low frequency and power fluctuations in
the grid must be guaranteed by a higl=quality
and fast gas turbine automatic_control _mecha
nism.

Achieved results of the research field of
wind power plants'can be\transferred to the pro-
duction of high strain and extremely light blades
in gas turbine compressors) i. . using textile
composites.

Therefore thefollowing items have to be ir
vestigated in a hybridsystem with fossil and re
new able power plants:

* Integration of solar high temperature heat
in a natural gasfired gas turbine.

* Hybrid-system gas turbine and SOF G fur
el cell.

* T echnical and economical potential of ver
tical wind power plants.

* Coupling of geo-thermal plants with a
steam turbine plant.

* Coupling of solar thermal plants with a
steam turbine plant.

* Model based development and process
management techniques with special care of
technical parameters and boundary conditions for

energy supply systems.

4 Economy of the new technology

In order to be able to establish the new
technologies against existing systems, it must be
guaranteed that the future systems meet the eco-
nomical demands. In the long run, new energy
conversion systems can only be established on
the market if cost-covering operations are possi
ble.

The specific investment costs of a power
plant based upon new technologies are higher
when the power range of the facility is lower, as
shown in Fig. 12 in the next page. In addition to
this, the specific investment costs of innovative
concepts like photovoltaic and fuel cell technolo-
gies increase drastically ecompared to convention-
al and wellengineered -energy, conversion sys-
tems like-gas ‘turbine technology of combustion
engines.

In Fig. 13-possible steps for the introduction
of a new technology in'the existing energy mar
ket are illustrated. In the first step, the high spe-
cific investment-Costs have to be subsidized. E-
ventually; measures for cost reduction must be
applied. T his could be the utilization of alterna-
tive and cost-saving materials or the introduction
of new production techniques to achieve higher
quantities and, thus, a cost reduction by mass
production. Operational reliability and availabili-

ty are considered very important issues as well

Technology Specific investment costs Energy source
(Furo/kWel)
Engine(automobile) [}  20-40 Nat.gas(oil)
Gas turbine - 250-350 Nat.gas/oil
Combined cycle X0-600
wbined cycle [ 400-6¢ Nat gaw/Coalloi
CHP(big power output) [N 400- 1000
Nat.gas/oil
Small gas wrbine [ I 500-1000
- 2% Nat.gas/(oil)
Steam turbine(> 100k W ;— 850-1200 Coal/Nat.gas/oil
Wind enery [N 1200 Wind
ficro gas turbin 1000-2000 Nat.gas/(oil
(<1000 <0
Nat gas/oil
par T
Hydroelectric Power Plant

Fig. 12 Specific investment costs and typical

primary energy sources for energy conversion
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Specific | Subsidized | “Green i Niche i Sustainable
generating | markels m;}:ki-n]" markets | global
I('/IIT\I\‘M ‘|"""" intro I subsidies: |rv-...|.[.4.....».n| okels
duction aided | consumers | in the market | Competitive
by statutory | prepared to I through cosls com
\Jubsidies  pay for addi-| supplyin | pared to
Present costs \\ | tional costs special market
Maib i peicin > applications | prices

of intermediate

load electricity

of established

0.04
C/AWh

fuels

| | I
2000 2005 2010 2015 2020
Source:DLR,cologen

Fig. 13  Steps towards the introduction of new

technologies in existing markets

S Summary

In comparison to conventional systems, with
the use of synergetic effects, hybrid-systems of
fer the possibility to provide a substantial contrr
bution to spare our natural resources and imr
prove our environment. It could be a promising
way to solve the future energy problem.

The combined cycle power plant belongs to
the classic hybrid-system and is widely applied to
meet the requirements of the centralized energy
market. Nowadays the market has a tendency to
transform to a decentralized market-with new
combined heat and power, (CHP) units. Hybrid
systems containing a number of power genera
tion devices such as wind turbines, photovoltaic,
micro-hydro and/ or fossil fuél generators are de
veloped to meet such trend. An MGT/FC hybrid
system is a typical system for stand-alone applr
cations. Furthermore, the combination of fossil
and renew able power plant technologies contains
a large synergy potential to increase the efficierr
cy of processes for power plants.

The insight gained so far in research has
shown that new materials, innovative cooling
technology, new combustion concepts and optr
mized production methods are needed to make
the potential of these new technologies accessible
for a quantum leap in efficiency. For this consid
erable research work and good coordinated re
search projects between the state, industry, re
search laboratories and universities is needed.

The consequent further development of effr

cient design and production processes is the nec

essary base for the competitive ability of such

highly technical systems.
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