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ABSTRACT

The use of natural energy sources and the subsequent conversion to secondary forms of energy are a crucial base for
the development of our society with its continuous change of requirements which are predominantly due to an
increase in population and prosperity as well as the broadening of the needs in our modern life. Consequently the
consumption of primary energy resources rose drastically worldwide during the last 5 decades, in particular, in the
industrialized regions such as the European Union (EU), comprising today of 27 member states.

Historically the predominant primary energy sources in the EU were and still are — apart from the increasing usage
of natural gas — black and brown coals which are predominantly used in industry and, in particular, in power stations
for electricity generation under stringent regulations for environment protection. utilization mode in many
European member states.

A new challenge arose from the worldwide discussion about the emission of i.a. carbon dioxide and its influence on
the global climate which is related to the combustion of carbon containing fuels, predominantly from fossil origin.
In particular, the Kyoto protocol concerning CO,-abatement and the subsequent commitments of the European
Union have initiated extensive research and development efforts in Europe for efficiency improvements of large
scale fuel conversion processes as well as the capture and storage of CO,. As a consequent continuation of the
development of high efficient and low emitting processes various alternatives are progressing, some of which
reached the demonstration scale already whilst others are still in their early stages towards the expected economic
application. Also, apart from nuclear power the renewable energy sources and the s.c. “CO2-neutral” fuels such as
biomass and organic wastes are considered to play a growing role in a future primary energy mix. In fact, strategies
in many European partner countries are strongly promoting the utilisation of such resources as addition to or as
part-replacement of fossil fuels and their derivatives.

In line with the above tendencies the energy policy of the European Union is particularly devoted to “adapting the
current fossil-fuel based energy system into a more sustainable one, less dependent of imported fuels, based on a
diverse mix of energy sources and carriers, with particular attention being paid to lower and non-CO2 emitting
energy technologies, combined with enhanced energy efficiency and conservation, to address the pressing
challenges of security of supply and climate change, whilst increasing the competitiveness of Europe’s industries”.

The paper start with summarizing the development of the demand and supply of energy in  Europe. After an outline
of the strategic considerations and the political intentions of the European Union the presentation will provide an
overview of the present European situation in fuel conversion and the consequences related to the greenhouse issue.
Special attention will be given to recent advances in power station technology, followed by highlights of
corresponding ongoing research and development activities as well as a status revue of the first large scale
applications.

GROWTH AND STATUS OF THE EUROPEAN UNION

The European Union (EU) is a multinational and intergovernmental union, established in 1992 by the Treaty of
Maastricht, The Netherlands, with the intention to promote the economical and political integration of the member
states. The present union is the successor of the s.c. Common Market, the European Economic Community (EEC),
founded in 1957 as a supranational association with the purpose of enhancing the economic cooperation of the first
6 members Belgium, The Netherlands, Luxembourg, France, Italy and West Germany. In the following years this
community became enlarged by new partners - Denmark, Ireland and Great Britain in 1973, Greece in 1981,
Portugal and Spain in 1986 - forming the first EU of 12 member states in 1993. 10 more partners gained accession to
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the union in 2004 (Cyprus, Czechia, Estonia, Hungary, Latvia, Lithuania, Malta, Poland, Slovakia, Slovenia)
followed by Bulgaria and Romania in 2007 which brought the total present number of member states to 27.

The EU represents a single market with no internal barriers, a common trade policy and an own currency adopted so
far by already half of its members. Despite of still very strong and historically based gradients in industrial
development and economy, in particular between the early partner countries in Western Europe and the more recent
new member states of Centre and Eastern Europe, the economy in the European Union has grown steadily over the
last decade, resulting in a total GDP increase of almost 48% since 1996. Thus, the EU has developed up to today into
one of the largest economical and political units in the world. In fact, selected statistical data for comparable
industrial areas (USA, Canada, Japan, Australia, Table 1) show that the EU on an area of less than half of the area of
the USA with 60% more inhabitants — resulting in a 4 times higher population density — has presently a Gross
Domestic Product (GDP) of the same order of magnitude as the United States. The lower specific productivity per
inhabitant in the EU is related to the above briefly mentioned differences between member states; productivity data
of several partner countries in Western Europe are comparable to those of the USA and of the other industrialized
countries.

Table 1: Comparative Statistics; Population and Production (data 2004)

Country EU USA | Canada | Japan | Australia
Population; 10° inhabitants 492.9 301.0 32.6 128.2 20.4
Area, 10° km? 4.24 9.63 9.94 0.38 7.69
Population density; inhabitants per km?2 113 31 3 339 3
Gross national product, GDP; 105, US$ *) 12.82 11.68 0.97 4.67 0.66
Productivity; 102 US $ GDP per capita 26.0 38.9 29.8 36.7 35.0
SpecificEnergy Consumption; toe per capita 3.66 7.96 9.46 4.04 5.98

*) at current prices and exchange rates
Source: Statistisches Bundesamt, Statistical Yearbook 2006 [1]

In line with the economic growth in the EU, the expected rise in gross energy consumption during the last decade
was with 12,1% comparatively low which — at a marginal population increase of about 2.3% — resulted in a
reduction of the energy intensity (in toe per 1000 US $ GDP) of more than 11% [2]. This positive tendency is due to
both savings in direct use of primary energy sources and an increasing application of more efficient energy
conversion processes and, thus, the specific consumption per inhabitant is — in comparison with similarly advanced
regions of the world — much lower, e.g. less than half of that of the USA.

In more detail, the gross inland consumption of energy in the EU of about 1.8 - 10° toe per year (27 member
states; data 2004, [2] ) is with more than 77% essentially based on fossil fuels (37.3% oil, 23.9% natural gas, 17.9%
solid fuels) with only 14.6% nuclear energy and 6.3% renewable sources. Furthermore noteworthy is — as in most
industrialized regions of the world — the remarkable move towards the conversion of primary energy into electricity
as the most versatile form of usable energy. Between 1994 and 2004 the electricity generation in the EU increased
by about 23.5% which is much in excess of the rise of the total energy consumption of 12.1% during the same
period. The fastest growth in generation is reported from wind turbines and — to a much lesser extend — from
biomass fired plants, however, with presently a share of only 1.8% and 2.1% respectively. In total, apart from 31.0%
nuclear and 10.6% hydro power, the electricity production in the EU is based on the fossil fuels coal (including
lignites) with 29.5%, natural gas with 18.9% and a remaining 4.5% on oil [2].

The above stated energy consumption is in contrast with an own total production of primary energy carriers which —
after a decrease since 1996 by 5.2% — came in 2004 close to 0.9 - 10° toe per year, of which Great Britain, Germany
and France contributing almost 54%. These data underline the fact that the in-house production in the EU is not only
highly diverse and regionally distributed in resources as well as output but also insufficient to cover the demand.
Therefore, there is a dependence on energy imports of about 50% on average which strongly varies from 4% to more
than 80% between the various member states.

NEW CHALLENGES AND TARGETS FOR EUROPE
A new challenge to power station technology arose due to the worldwide discussion about the emission of i.a.
carbon dioxide and its influence on the global warming ("green house effect") which is related to the combustion of

carbon containing fuels, predominantly of fossil origin. Following the directives based on the Kyoto agreements for
the reduction of green house gases the European Union promised a reduction of 8 % between 2008 and 2012
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compared to 1990. Consequently, an increase of the utilisation of renewable energy sources is one of the targets of
the European energy strategy which should result in a 6 — 12 % share of the primary energy supply and 14 — 22 % in
electricity generation by 2010.

In order to comply with these ambitious goals Europe is challenged to address the following interrelated and to some
extent controversial issues:

- Sustainable energy supply

- Reduction of adverse effects on the local/regional environment
- Minimisation of hazardous influence on the global climate

- Preservation of primary energy resources

- Production of electricity at competitive cost level

For the performance of the activities policy measures were developed such as a recently distributed Green Paper on
“A European Strategy for Sustainable, Competitive and Secure Energy” [3] which elaborates the priority areas for
possible common actions and comes up with concrete proposals for immediate motions.

Furthermore, instruments for the support of technology advancement programmes through research, development
and demonstration for several years’ duration, the “Framework Programmes” (FP) are essential parts of the EU
strategy. During the previous 5" FP (1998-2002) [4] already several multi-country, multi-partner projects on
CO,-sequestration and storage monitoring of in total 32 million Euro were partly financed by the European
Commission, followed during the last 6™ FP (2002-2006)[5] by more specific and still ongoing projects on
advanced CO,-separation techniques for fossil fuel plants, subsequent large scale CO,-storage and co-ordination
activities of EU-member states programmes as well as EU-involvement in international cooperation, e.g.
contributing to the Carbon Sequestration Leadership Forum (CSLF).

The presently ongoing 7" FP [6] is based upon the key considerations that

o fossil fuel will continue to play a major role in the power generation mix in the following decades
e environment protection requires a drastic reduction of CO, emissions

e there will be a large demand for new generation capacity.

In order to path the future in Europe in continuation of the previous programmes and in line with the above
challenges, the priorities in this new research programme of the European Commission to support research,
development and demonstration are the following:

e energy savings

e energy conversion efficiency

e renewables in heating/cooling/electricity production
hydrogen/fuel cell technology

[ ]
and in particular:

e clean coal technologies
e CO; capture and storage technologies for zero emission power generation

With the two last topics it is intended to improve plant efficiency, reliability and economy through development and
demonstration of clean coal technologies as well as drastically reduce the environmental impact of fossil fuel use by
aiming at near zero emission power plants based on additional CO, capture and storage technologies.

Numerous industrial activities either in planning or already under construction are presently on the way in Europe
and first large scale demonstration plants are expected to start operation from this year onwards.

Furthermore, most recently the European Union drastically tightened their already ambitious goals for reducing the
influences on global climate by setting a target towards limiting the global temperature increase to a maximum of
2°C. For this, the strategic objective is a 20% reduction of green house gases by 2020 (and even 50% by 2050,
provided that other regions of the world will follow) compared to 1990 by an “Energy Efficiency Action Plan” for
the 3 sectors transport, buildings and electricity/heat generation. More precise, a mix of all primary energy sources
is intended including 15% nuclear power (1/3 of electricity) and 20% renewables (with 10% bio fuels for transport).
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ONGOING ACTIONS

Within the carbon free options hydropower as one of the regenerative energy sources is already extensively used and
a substantial increase of its about 5 % share in Europe is unlikely. Other regenerative sources such as wind and solar
energy are favoured by politics and by some part of our society and therefore, their utilisation is at present heavily
subsidized in many European countries. However, area requirements, energy density, local availability of the
natural energy source, local net considerations and investment costs may restrict their application. Still a limited
contribution to the overall electricity supply will be provided by these sources even in regions in Europe with less
beneficial natural boundary conditions.

Another alternative is the use of s.c. “CO;-neutral” fuels like biomass (both grown or as by-products from various
industrial processes). Europe is targeting for an increased utilisation of such sources from 3 % in 1995 to almost 9 %
share in the energy market by 2010. The potential of such fuels as a part-replacement is remarkable considering the
regional availability of such fuels, the positive effect of preservation of primary energy resources and of alleviating
disposal problems, and the attraction of co-utilisation in existing fossil fuel fired plants as a technically feasible and
cost-effective solution. Based upon the positive experience from industrial demonstration projects ongoing in the
EU and numerous other activities the additional use of biomass seems promising although comparatively limited in
total capacity.

Therefore, the security of supply requires the energy efficiency of conventional fuel conversion based on fossil fuels
to be raised considerably. For this reason and as a continuation of the improvement of high efficient and low
emitting fuel conversion processes various alternatives are under development, some of which reached the
demonstration scale already whilst others are still in their early stages towards the envisaged economic application.
One of the major ongoing research and development issues in Europe is dealing with the further improvement of the
efficiency of the conventional supercritical power station concept with pulverized coal. This concept is entirely
devoted to improving the fuel conversion process by testing advanced materials. At present materials are under
investigation for 700 °C application at 350 bar in a 500 MW, boiler for the design of a next generation
demonstration power station to be commissioned at about 2015 [7]. This process is aiming at overall efficiencies of
above 47 % and, thus, a considerable reduction of the specific CO,-emission in comparison to the state of the art.
Because the present emission control technology complies with the European standards no further development of
flue gas treatment is required at this stage.

In addition, new concepts towards a Zero Emission Power Plant (ZEP) were started in recent years in line with the
Carbon Capture and Storage (CCS) initiative of the European Commission [8]. One of these concepts is the Post
Combustion alternative in which the CO, is separated from the flue gas by scrubbing with e.g. amines or other
chemicals. This well known technique is supposed to be economically applicable for power plants with already high
efficiency and even for retrofit purposes at such plants. As this low temperature gas treatment needs an additional
energy consuming regeneration of the sorbents research is ongoing on this process and on alternative separation
techniques in order to reduce the efficiency penalty as well as costs. However, as an interesting technology this
process was investigated within an EU-supported research project and is at present considered to be tested on large
scale by various utilities in Europe.

A second alternative is the Oxyfuel process in which the fuel is burnt with O, resulting in an almost N,-free flue gas
from which the CO, can be separated from the H,O by condensation. After several years of intense research on
laboratory and pilot scale in Europe the first 30 MWy, prototype is presently in the phase of start-up in Germany. For
this process an air separation prior to combustion is required. For this the well known cryogenic process is available
at present and research is ongoing to reduce the costs of this low temperature gas separation by process
improvements. As the Oxyfuel process includes a flue gas recirculation to the combustion chamber for temperature
control an alternative O,-supply via a high temperature membranes is under investigation. This concept promises a
considerable reduction of the efficiency penalty of the cryogenic air separation but requires a cleaning of the
recirculated flue gas at temperatures of about 800 °C prior to the membrane. Such hot gas cleaning systems using
ceramic barrier filters are presently under tests.

The third clean coal technology is essentially based on the above described IGCC process with O, input to the
gasifier and a shift of the CO in the process gas to CO,, hence resulting in a gas containing predominantly H, and
CO,. As this H, would be then available for either external use e.g. in high temperature fuel cells, or as fuel for a
(future) H,-gas turbine within the IGCC concept this process is named Precombustion technology. In order to
separate H, and CO, low temperature process are available with the disadvantage of cooling the process gas and,
thus, an energy loss prior to the turbine for which reheating of the gas is required. As alternative solution high
temperature separation is desirable for which ceramic and polymeric membranes are presently also under
investigation.

Also it should be mentioned that the use of other feedstock to the gasifier in an IGCC process such as materials of
biogenic origin would require additional gas cleaning steps for the removal of e.qg. tar, alkali species and elevated
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chlorine and sulphur compounds in order to provide gas qualities for turbines or high temperature fuel cells.
Although this can be dealt with by conventional methods hot gas cleaning at temperatures above 450 °C is of
advantage in terms of overall process efficiency and specific CO,-production. Therefore, the membrane separation
technique at elevated temperature including catalysis — separate or incorporated — is under investigation in Europe
on laboratory scale with first promising results.

With regard to large scale application the new IGCC process with CO, separation, a first demonstration plant with a
capacity of 450 MW, is in planning in Germany and is expected to be commissioned in 2014. This project will
produce CO, for storage, the separation will be realized by well experienced low temperature technique.

All the above activities with regard to CO, capture require CO, transport and final storage. Both are existing
technologies and well experienced in particular in the gas and oil industry. Well known examples of CO, storage are
the projects of raw natural gas separation at Sleipner since 1996, the most recent Snohvit field both in Norway and at
In Salah, Algeria since 2004 as well as at Weyburn in Canada for enhanced oil recovery.

However, it is meanwhile well understood that the presently stored CO, volumes of the above projects are small in
comparison with the expected volumes to be removed from power plants. Therefore, a considerably upscaling in
transportation and storage is required. However, most critical is the definition of storage criteria, the selection of
appropriate underground on- and off-shore storage sites and the preparation of the legal framework. All these are
activities of high priority which are presently carried out in Europe at many institutions and member states with
considerable support from local governments and from the European Union.
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— =TT F—F 5 (CSLF) IZHBRT D E LT D,

BUEAT O TCWAE 7 EIFP [6]1%. LA FOFELBHIZE SN TN D,

o ALABREHIA B FRNISI EHEHEI v 7 A TKE&EI 217 LiiT 5,
o BRETIRAEICIIRUEM 72 COBEHBINR A LETH b,

o HHXOREITIIREBRTFENEEND,

VIO 0 7T Nk L EROFE E HbECTa—u v Ok a2 Axie iz dIid, F%E. %, 3£
AEZ Y AR— b T BINERSD ZOF/NE T v 7T ATERFHLE RDDIIUTONETH 2,

e HxTx

o TALF

o MEYHBHIPREIZEIT D FHAEFMNRET XX —
o JRFEIRELE M ELAT

KRz

o VU=V .ea—)L-T7)aT—
o BRIy a L REOLDOCOMMME. FUL, FFE Bl

EHBEO2O0EBIX, T 1 20HTIEZ V—r ca—)L - T 7 ) aU—0BREIRIC L > TREHD
R SN, BREMEASGET A Z AL TWA, 2 DRIE. COJMERE. FEIU., BrEEf a8 L
eI vra BEREBETZE T ALAREMEAORE~DZEL B> THLT72HD L
DTH5DH,
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ZAVUCBHE LT, FHEFH D VIIBEIC THICA > T D Hx OEEIFENBAEIT —1 v S THEITLTE
V. VIOKRBREEET T > P RS EURICELRZ AT 5 LA b TV,

ZOM I < LTI, BINEA DN EE~ OB Z IR 5 L CREICEAK7E - 7= BAE DO H 72 B 6 DA+
JE1T-o72, HEROKIR LR 2R K 2CUTICIMZ D W) BEZRE LD, Z 07O H
L, dak, EL, REASEAD 3EM & kS & LT = x oL X —2h R LT B F1E] (Energy Efficiency Action
Plan) (2 X v B =2h A0 R & 2020 4 F TIZ 1990 4L T 20% H I 92 (H:F oo il oo #2318 5E 3201 2050
FEFETIZE0%HEE HITH) LWVWIHIBLDOTHD, LY IEMIZIE, &2 TO—RTFLX—HzHbET
FNAF— e Iy 7 AEHBFLTEY., 22T 15% DR 171 (BRO 13) | 20% D FHAERFE= R /LF
— (I 10% DA ARED bEEND,

EITH DK

=R« 7V — A7 arOPTHAMEZ VX O 1 > ThHAKNFBRIZILFICF A S
TEY, I—a v /XTH 5%D Y = 7 PRIBIZIERT 5 135 212 <V, MOFAE R FE= RV —]5,
Bl Z RS RKG = RN F =72 ERBERAH SO DEEIN TN, <0 d—nr v/ GEE
TR MBI 22T T\ D, L L, SEREN, =3V —EE AR L —JFH 0O iRk
P, HUg R > R, HE X ML TEOFABGIRENDHELH D, TN THLINLDOT R
NAX—JFIL, F—8u v R THRRESMGICEEIN2WHIE THL 2R ERMEIcH 2 BREDOHZ
TBHEA9,

BOMRBZ R L —L LT, "M AADI )70 E JTCO==2— M T NVRIRE (RRDH D H %
FEE¥( T ADRIEDS) ODEMTHL, 3—r v/ NEInb DR AX—JROFH % 1995 FD =
FNAF—HHIZEHDLEETHD 3% 05 2010 4FF TITIFF I EFHZ L ZHIEL TS, &
AU OBREFOHIEE . — R = 1L X — G IRERECAL o B OER D 77 Agh 5, BIZIZBEF Db ARk
PRIBET T o N CHANTAC B ATRE CRIFIIZ Y V2 —a v b LCHRHTEXAMAOEZE 25 L | [k
IR E LTI OB 2RI CX 2 AlREMIZIER IC R E W EUTIEITH OFEEFEIE T 1 v
=7 MZEARBREROM OB 2 DIEE D, SA A~ ZAOE 2 AR TSR v 3T ¢ 1L IE
HBILTCTWVDLHDDFERAEL TH D LA LND,

- T, MG OMEREZ DI, ALAREHT X D 0ER DB R = 2L ¥ —5h=R % KigIZ 5| & B2
VERDH L, ZOBEBNG, EomhFRRPEH B T 1 & 2 DSEORKE & LT, R 2R
DOBIRNBHED N TWD, TOFIITBRICSEREEMBICE Lo b b, FEEANSHEZEE L
B ZH L2 DL H 5,

—u vy N THEITHO LR D 1 D2, RO RIZ L DR ENROE R H 8 EL
Wol-bDONHD, ZOREa LT ME, bolE OB ORERIC L » TREVZEHR T 10+ R 2 iE
T 5 EICERNTWD, BIfE, 2015 4 2 AICiEin 2 BIAG 9 5 T E DRI FEFER BT D% &
LT, 500 MWe7AR A Z—"C 350 bar, 700 CTHEMT DM EtOFENENITTHONTWD[T], ZD 7 etk
2T BRI AT % %2 RIE L TRV | il TEECOMEH B O RIE 2 HI &2 3> TW5b, BfE
O P H IR E AT XM A HERL L TN D 72 JHE H A MERHAT O & 572 2 BA%8 1L Z OB Tl
CEVAd AN

Z O, BINEE S DOCO M, [0, B8 (CCS) A =3 T F 712~ T, ZOHFETErT I v
va UIEERT (ZEP) 2Tl le a8 RO BB S TNAH[8], £D 1 D03, JE T A
MHT X U7 EOTFEWE TCO% BT DRER D HEERIN CTh D, ZORH LB, BEcHE
NROFEATICH, 2O X B ENOSERICLRBEFNICEAATREE ST d, ZOMKEYT A
ET T R L X — 2 RSB T 2WMINA OFANSLIERZ &b, 207 ak 20804 BT IC
DNTHIEIK T OMECT A MO 72O DORFERTTOLNTWD, LiL, 207 ot AR
O E LT BUSEOMIE 7 1 Y =7 b O CIEMZEN T ThN, BEI—a v OEEIC K DK
HBERBRAmE ST b,

2 HHORBFHINIIMHBIRIE T 08 A TH D, BFERFET 7R, BREZO, TRIESE D Z & T
BEHAZENDEEAEEGENT, HOZ R SBED Z LICEVCO AT D Z ENTE S, I—n
v X CEBREBEL KL OV, 1y MO DR 72 FE S AR S o 7e - TERE S d, 1D 30 MWyakfE
FENBILE KA Y THRENERBEICH D, Z D7t ATiL, BREEFTICZELADDEENVNETH S, TIUTITE
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R CIIBEEDOEM BT v B A Z R TE 50, ZOWRMDEEO 2 2 N & 7 1t AYGEIC L > THITK
THMIENED SN TN D, BRFRREEY 0 A TIHEE T A 2RISR S CRERIE 21T 5 7=
B, EIREEIC X DB OO0 M HIT O AEMIENEIT L TV D, ZD a7 MMIMMKEZE RS EED
AR T 2 KB 25 D720, IO TR TH 800°CIZ72 D FIEERIEIE I A Db 3BT 72 D,

COXIBBBHAEET I v I NV T T 4 VE THILT DV AT AORBRBNBE TN TV S,
SFEHOZV—r s a—L T 7 av—L, EAMIZELDIGCCT rERIZLDEDT, AL
WOy L7 0B AT A DCOZCOUZHRHET H Z L TIEE A EH, ECO, LMNE E7WH A & FAE
SHLHMTH D, BAELZHITEIRREIE R EONBFIHIC S, CRERMIZIE) IGCCa &7 b
BT DH T AZ —E U TRELE LTHRIATE 2 28006, 207 mk A3REERTHN L FFIEN %,
Hy E COD MBI IR Y e v 22T HZ ENTE LN, 7av AR AEZBA LR TIER S 20
BBARFITHY . FERTAOHMANLEIL /> TH—E VO FRI TR AT —a ARAETLTLE I,
INEMRRT DIITEIBDEENLEE LV, TOEMTET I v 7L ES FIEORENIE L BET
LI TW5D,

F72. IGCCT 1t 2D H AUIFIZAEMEIROM B2 ERIDOFEZFEH L7258 3EBERLETH D,
Z—)v, TNAVHE, ZEICEENIEFEYONMBICEM ERET H T AL TREZEBMLT, ¥
—EUREIRAEIEM CHEH CE DT ANE LR T H2MLERH L0007, ZIUIERFIE TR T
XD, BRI T vt AR ECOAFER D STl 450°CLL EDOER T A b FHRTH D, =
Db, Ve %2 & e miR CORBSEERN I TR E 21T — A OFEBREHMOFEMIEN I —n
XTI THOLNTEY, FHFORCOHRIDOMENELN TN D,

KEMEFHIZE L TlE, CONBEAZ S TIGCCT utE ADYIDFEIF ST b (F&EH S 450 MW,) 73 K
A Y TEHEFTH D . 2014 FIREENM TN LA BND, 207 r Y7 FTIHIF-EHDCO %%
AXE, BRBREE KRR COBEE EHT 5,

COBERIIZ > D EFR DY fHIx DT TCO,D ik & KRNV ETH D, ML
TEREIRTHY | FRITH A - AMEETITRRDEHE SN TWD, COMTEOFAARFIE LT, /LY
T—DATA TS F—T1996 ENDH, ML /AT x2—DRA ) —Ey NHAHTHEIT., £7- 2004 4E)>
BTNz TOA LY T—THITONTWOIHRATAOBET 0y =7 N3b 5D, TDIEN, T
Z DV x— = TIEAMEREI T 1Y =7 R BRE STV D,

Lo L—hHT, Eito7v v =7 N CTHERFE SN TWDHCOEIT. BEMNOLRETRESHER L
E_NED TN THLZ LI Do TWD, LER-> T, ks PO E Rigic7 v 7 L
T oy, Locl, RbEER T L, IPREAEOER, i N0 Y 2 I A b ok
. ERIVSEADEE TH D, ZNOITT X THRELOEETHY ., BET —1 v ROZHOEER
INERE T B IBECERME S N S0 BBl 25 CE S T\ 5,

RPN

[1] Statistisches Jahrbuch 2006, Statistisches Bundesamt, http://www.eds-destatis.de

[2] Eurostat Yearbook 2006-2007, http://epp.eurostat.ec.europa.eu

[3] Commission of the European Communities,
Green Paper “A European Strategy for Sustainable, Competitive and Secure Energy”,
Brussels, 8.3.2006

[4] 5th Framework Programme, European Commission http://cordis.europa.eu/fp5

[5] 6th Framework Programme, European Commission http://cordis.europa.eu/fp6

[6] 7th Framework Programme, European Commission http://cordis.europa.eu/fp7

[7] F. Bauer e. al, Role of 700 °C Technology for the Carbon-low Power Supply, VGB PowerTech 4/2008, pp
30-32

[8] J. Lambertz, Efficient Power Generation in Coal- and Gas-fired Power Plants, VGB PowerTech 1/2 2005,
pp 42-45
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K4 : Dr Klaus R. G. Hein

Education:

Graduation Chemical Engineering, University Aachen / Germany, 1964
Postgraduate scholarship, Imperial College London / Great Britain, 1964
/65

PhD, University Stuttgart / Germany, 1972

Professional Career:

Research engineer, International Flame Research Foundation,
Ijmuiden / The Netherlands, 1966-71

Head Research Department, RWE, Essen / Germany. 1971-92
Professor (part-time) for Combustion / Technology, University

Delft / the Netherlands, 1966-2004

Professor and Director, Institute for Process Engineering and

Power Plant Technology, University Stuttgart / Germany, 1992-2004
Professor and Acting Director, Institute of Combustion

Technology, University Stuttgart / Germany, 2003-present

Several awards for outstanding scientific / technological Achievements (Europe, China,
UsA)

Additional functions, 1.a.:

Member of many international energy / environment related scientific, industrial bodies
Organizations (VGB,GVC,FDBR,IFRF,ASME)

Member of expert delegations from German Government / European Union to USA,
Australia, Indonesia, China, Japan

Consultancy /advisory activities to industry (Germany, Australia,

USA, Japan, Bulgaria, Spain, Morocco, Ukraine, China)

Organizer / lecturer, international training courses (Europe, USA,

China)

Assessor / evaluator / coordinator of research programms of the European Commission

Dr Klaus R. G. Hein
ESi

T RFE (RAY) ORFETHERE A5 (1964 4F)
Ry RURFAANUT AT Ly GEE) ORFEESFE (1964~1965 4)
va by y MV ERE (RAY) THEESIUT (1972 4)

Tk IR

IFRF(International Flame Research Foundation, Y4Wfi34 7 v X DT A ~ 2T THHE) O FEHEIH
[ZHESE (1966 4-~1971 4F)
RWE (FAY, =yty) THIERBEHMELEZED D (1971 4~1992 4)
TNT NRF (FT 8) BB 7R dz GEFE) (1996 4£~2004 4F)
Yabhyy MIVERY (FAY) 7ut A TPREEHINFR, BuzFcs (1992 4~2004 4F)
Yabyy MIVERE (FAY) BEERMER, BaHEEFRIT (2003 4£~HifE)
BB PRI RIBCR IR T 2 x OB 2% H (3 —nm v/30 BE] KEH)
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Z DO
TRV — BB B D 25 O [FH BRI 7o B RSO PE 2Rk 0 2 B (VGB, GVC, FDBR, IFRF, ASME)
RA Y BFINES D KE, A=A NZ V7, 4 K3y 7, FilE, BAR~OHFEFAFIRE
R IN—
PEERICKTT D a T o VT IERTEE) (RA Y, A=A T U7, KE, BA, 7TV T,
ALy ERya, UTTAF HE)
EBEHE 2 — 2 DA — T F A P —EAT (3 —r o8 KE, PE)
WINEB SO 7 v 7T AOEEERMIER/I2—T 4 37— 4 —
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