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CASTOR - ENCAP - CACHET - DYNAMIS Training Seminar —

Workshop

The CASTOR, ENCAP, CA-
CHET and DYNAMIS projects,
funded by the European Com-
mission under the 6" Frame-
work Program, are pleased to
invite you for a common Tech-
nical Training Workshop.

This event will be held in IFP-
Lyon, from 22 to 24 January
2008.

Enhanced Capture of
CO, Newsletter

WWWw.encapco2.org

The objective of the Workshop
is to review what has been
achieved by the different pro-
jects in terms of technology de-
velopment for CO, capture
(post-, oxy- and pre-combustion)
and also in CO; geological stor-
age (storage part of CASTOR).

It is also an unique opportunity
for exchanging between stake-
holders and researchers involved
in the different projects.

ENCAP Training Seminar -
Workshop

ENCAP Highlights

Pre-combustion Decar-
bonisation technologies

Limits of current burners
using H,-rich fuel mixtures

One of the objectives within
the ENCAP project is to de-
velop a lean premixed burner
for Hy/N, fuel mixture with
high percentage of H, volume
content. To this attempt the
two largest European gas tur-
bine manufacturers, Siemens
and ALSTOM, have decided
to collaborate with two experi-
enced R&D providers in this
field in order to generate fun-
damental knowledge on the
combustion of Hy-rich fuels in
gas turbines to develop opti-
mized combustors capable of
safely burning H,-rich mix-
tures with H, content ap-
proaching 100%.

Benchmark investigations of
the current Siemens burner at
atmospheric and at a pressure
of 1 to 9.5 bar conditions with
different fuel mixtures with 50
vol.% to 90 vol.% H, and
different mass flows were
performed and provided in the
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Atmospheric burner test procedure with forced flash-back

test ring. A procedure called
“forced flash-back” was ap-
plied to determine the safe
operations limits. It was not
possible to achieve full load
operation for any Hy/N, fuel
mixtures, using this flash-back
procedure to determine the
burner stability.

High pressure tests at 9.5 bar
slightly showed flash backs,
using the forced flash back
procedure while some part
load points with a 70/30 vol.%
Ho/N, mixture were found
without the forced flash back
procedure. Almost undiluted
H, could not be run with the

standard natural gas burner.
The result of these tests
showed, that the standard
burner was not able to burn N,
diluted H, fuels safely at base
load conditions and needs to be
modified.

Atmospheric test rig arrangement
(SIEMENS burner)
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Analysis and Reduction of the Final Re-
action Mechanism for H,-rich combus-
tion

The aim of this study was to find a re-
duced reaction mechanism that both effi-
ciently and accurately represents H,/O,
kinetics over a large range of conditions,
particularly for fuel lean mixtures at ele-
vated pressures as present in a gas turbine
combustor. Based on a thorough analysis
of the detailed H,/air mechanism of Li et
al. (2004), several reduced mechanisms
have been derived from the full detailed
mechanism and tested for the prediction
of laminar flame speed, ignition delay,
and extinction using a 1D laminar flame
code and a PSR model, respectively. Fur-
thermore, these mechanisms have been
applied to numerical simulations of two
turbulent jet flames with the CFD code
SPIDER using the EDC (Eddy Dissipation
Concept) combustion model.

The results of this study show that a re-
duction of the detailed mechanism has a
large effect on the prediction of the iso-
lated processes of laminar flame propaga-
tion, extinction, and particularly of auto-
ignition, whereas the effect of the reduc-
tion becomes small for predictions of the
investigated turbulent jet flames. Hence,
the reduced mechanisms are expected to
yield satisfactory results for gas turbine
applications.

Find out more at: http://www.encapco2.org/publications/
SP2 2 3 4 SummaryReportl.pdf

Preliminary documentation of complete
plant concepts for pre-combustion CO,

capture

This work summarized the technical and
financial details of power plant concepts
for different fuels with and without CO,-
capture.

On the basis of the process engineering
work during the first period, a complete
documentation of all developed plant con-
cepts, with and without CO, capture in-
cluding a techno-economic assessment,
has been acquired. The determination and
comparison of all technical and economic
key figures are examined in order to inves-
tigate the commercial introduction of such
concept in Europe. Each participating
party contributed a detailed description of
their section in each concept. RWE, Lurgi
and IFP (NG case) were responsible for
de-

ral gas concept while RWE and Statoil added
their operational experiences. The cases ex-
amined and compared with the reference
cases defined by SP1 were the following:

Hard coal IGCC without CO,-capture (case
1)

Lignite IGCC without CO,-capture (case 2)
Natural gas ATR with CO,-capture (case 3)
Hard coal IGCC with CO,-capture (case 4)
Lignite IGCC with CO,-capture (case 5)

Find out more at: http://www.encapco2.org/publications/
D 2 5 1 SummaryReport.pdf

Case 1 Case 2 Case 3 Case 4 Case 5
Hard coal Lignite Natural Hard coal Lignite
gas plus plus capture plus
capture capture
Feedstock Mass Flow kals 74,08 39,56 198,98
Feedstock LHV Milkg 2517 179.8 889 465 815 2517 8,89
Thermal Input Feedstock 1864.,6 +
(LHV) MJ/s 20,9 (NG) 1598,4 1838,9 2051,4 1768,81
Thermal Syngas Flow to GT (MJ/s) 1508,94 1463,8 1468 1481 1477
Gross Power Output MW 986,03 931,74 872,45 956,14 899,4
Gross Efficiency % 52,82 58,53 47,44 46,61 50,85
Air mass flow to GT kals 269,39 168,23 188,77 294,06 191,05
Total Aux. Consumption MW 111,94 105,33 117,8 219,6 182,2
Net Power Output MwW 874,14 826,41 754,65 736,54 7171
Net Efficiency % 46,36 51,7 41,04 359 40,54
CO; captured kals 96 184 169
CO; capture rate % 92,4 92,2 85
CO, emissions 9/kWh 746 799 38 79 146

scription of the syngas generation and gas
treating units. Siemens handled the Com-
bined Cycle and Air Liquide covered the
air separation unit (ASU). Statoil and Sie-
mens contributed know-how for the natu-

ENCAP is supported by the
European Commission under

®
the 6th Framework Programme.
Contract No: SES6-CT-2004-

Oxy-fuel boiler Technologies

Oxy - fuel combustion fundamentals,
slagging and fouling and analysis of
impact on flue gas treatment equipment

This sub-project is focused on oxy-fuel
technologies where combustion using
almost pure oxygen and recycle of flue
gas to moderate the combustion tempera-
ture is carried out. To demonstrate the
oxy-fuel process used for power genera-
tion of large scale coal fired boilers was
required from several different areas such
as combustion and boiler technique, oxy-
gen production, flue gas treatment and
storage, process and emission control,
safety requirement, etc. A fundamental
understanding of combustion in denitro-
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genated air has been obtained throughout
the extensive experimental work performed
in the 100 kW gas-fired test unit of
Chalmers and in the 20 kW coal-fired of
IVD at the University of Stuttgart.

The objectives of the experimental activi-
ties at Chalmers were to carry out tests
during air-fired conditions and oxy-fuel
tests with 21% and 27% by volume oxygen
in the recycled feed using liquid petroleum
gas (>98 mole% propane) as fuel. The
results of the experimental work carried
out was to improve the knowledge on the
oxy-fuel combustion technique with re-
spect to the flame characteristics with an
emphasis given the radiative heat transfer
and burn-out behavior.

502666.

The tests and experiments at 1VD were car-
ried out at the atmospheric 20kWth test
facility for pulverized fuel combustion. The
focus of interest at the IVD 20kWth unit
was put on the characterization of pulver-
ized fuel combustion under oxy-fuel condi-
tions. Different coal qualities (bituminous
coal and lignite) have been characterized in
terms of combustion, emission and fly ash
behavior under un-staged and staged com-
bustion conditions, with both air and an O,/
CO, mixture containing 27% O,. The tests
and experiments carried out aimed at identi-
fying characteristics of oxy-fuel combustion
and to compare them with parameters char-
acteristic for pulverized fuel combustion
under air conditions. Several data sets were



compiled and delivered to validate com-
bustion simulation models under oxy-fuel
conditions. Primary measures to reduce
NOx emission were tested for suitability
for the oxy-fuel process. Further emission
investigations related to the recirculation
of flue-gases were performed success-
fully. Preliminary fly-ash analyses and
deposit tests were performed to identify
major effects of an oxy-fuel environment
on fly-ash and deposit properties.

Find out more at: http://www.encapco2.org/publications/
SP_3 1 4 SummaryReport.pdf

Feasibility study of an integrated 445
MWe oxy-fuel CFB supercritical boiler

A conceptual design for a greenfield ad-
vanced oxy-fuel Circulating Fluidized
Bed (CFB) coal-fired power generation
plant for CO, capture has been developed
by ALSTOM Power Boilers. The main
focus of the work carried out was the re-
search, development and validation of
applying the oxy-fuel combustion in CFB
boilers.

This work has demonstrated that oxygen-

fired CFB is a feasible concept, close to the
conventional CFB process with existing
proven components. The boiler size is dif-
ferent due to the operating conditions and
for the boiler island there is no foreseen
degradation of availability, resulting from
the process simplicity. The cryogenic air
separation unit (ASU) is a proven unit for
this size (3300 tpd), even with routine tele-
operation in some plants and very long
runs between shutdowns while no avail-
ability degradation is expected. The most
critical points of oxy-fired CFB are mainly
O, injectors (70% O, content), back-pass
fouling and O, heater. Furthermore, it has
been noticed that CFB is the most suitable
technology for biomass co-firing and the
CO, not recovered in the CO, capture
process (10% approx.) might be compen-
sated by biomass co-firing. The value se-
lected for O, fraction (70%) is not a limit
of the process and higher values, up to
90%, have been investigated in this experi-
mental work.

Construction of the Vattenfall 30MW OXy-
fuel pilot plant in Schwarze Pumpe, Ger-
many

Novel pre-combustion capture
concepts

The aim of this sub-project was to investi-
gate  prospective  emerging  pre-
combustion capture technologies having a
high potentiality for capture cost reduc-
tion while maintaining a high capture rate.
A vertical, three-step approach by screen-
ing, modelling and verification was de-
cided. This involved actions like world-
wide screening of energy conversion tech-

ENCAP is organized as an integrated project (IP), which started on
March 1st 2004 and will be completed by February 2009.

nologies, generating new ideas on advanced
power generation and cycle development,
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Substantial work has been carried out deal-
ing with power cycle simulations in order to
have a fair and extensive comparison of net
efficiency and CO, capture rate of different
power cycles concepts with CO, capture. e
There were separate comparisons of natural AR
gas-fired cases and coal-fired cases (both

lignite and hard coal).

This work-package had the objective of
identifying the potential difficulties of prac-
tical implementation of these cycles in real
world power plants, from the point of view
of the equipment manufacturers. The mis-
sion was to examine the components
(compressors, turbines, combustors, heat
exchangers and novel components) of those
cycles and to evaluate them with respect to
the attributes (capital cost, efficiency, reli-
ability, availability, maintainability and life &
expectancy).

Find out more at: http://www.encapco2.org/publications/ )
SP6_D6.1.4_D6.2.1_SummaryReport.pdf

Net plant e
o S o
T

=)

Lignite- IGCC-Ref  IGCC-RefASU  IGCC-CA  IGCC-CAASU  IGCC-OTM

OXYFUEL

Lignite-
Ot

Net efficiencies of all coal-based cycles

Oxy-fuel cyciess sa-- 520 530 . CLC-tyckes Pre-combustion cyces

;e e o . 480 J
-~} agge-ar2 - 480

Mot efficiency [%]

Net plant efficiencies of the natural gas-fired cycles

Volume 4 Page 3
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T. Myhrvold, J. Strohle, @. Langgrgen, Analysis of Detailed Kinetic Mechanisms for Hydrogen Combustion, Proceedings of IEA Combustion Meeting,
2004.

M. Jonsson, O. Bolland, D. Buicker, M. Rost, Gas Turbine Cooling Model for Evaluation of Novel Cycles, Proceedings of ECOS Conference, Trondheim,
June 2005.

' R. Naqvi, O. Bolland, J. Wolf, Off-Design Evaluation of a Natural Gas Fired Chemical Looping Combustion Combined Cycle with CO, Capture,
Proceedings of ECOS Conference, Trondheim, June 2005.

E. Girdauskaite, H.Ullmann, V. Vashook, M. Billow, U. Guth, Ceramic Sr-Ce-Co Oxides with High Oxygen Exchange, Proceedings of Solid State lonics
Conference, Baden-Baden, July 2005.

Project’s Dissemination & Training P. Monckert, B. Dhungel, H. Worner, Experimentelle Untersuchung und Bewertung zur Oxyfuel-Verbrennung Fossiler Brennstoffe in einem Flug-
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Dr. Nikolaos Koukouzas
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stromreaktor, Proceedings of VDI Flammentag Conference, Braunschweig, September 2005.

D. Pavone, CO, Capture by Means of Chemical Looping Combustion, Proceedings of FEMLAB Conference, Cambridge MA, October 2005.

J. Strohle, T. Myhrvold, Reduction of a Detailed Reaction Mechanism for Hydrogen Combustion under Gas Turbine Conditions, Combustion and
Flame, February 2006, vol. 144, p. 545-557.

Tel.: +30 210 6501771 E. G. Lindfeldt, M. O. Westermark, An Integrated Gasification Zero Emission Plant Using Oxygen Produced in a Mixed Conducting Membrane Reac-

E-mail: koukouzas@certh.gr

tor, Proceedings of ASME Turboexpo 2006 Conference, Barcelona, May 2006, GT2006-90183.

K. Andersson, F. Johnsson, Radiative Properties of a 100 kW Oxy-fuel Flame Experiments and Modelling of the Chalmers Test Facility, Proceedings
of Clearwater Coal Conference, Clearwater FL, May 2006.

General Inquiries on the Project J. Maier, B. Dhungel, P. Ménckert, G. Scheffknecht, Coal Combustion and Emission Behaviour under Oxyfuel Condition, Proceedings of Clearwater
Mr. Leif Brandels Conference, Clearwater FL, May 2006.

Vattenfall AB

D. Pavone, M. Rolland, E. Lebas, CO, Capture using Chemical Looping Combustion for Gas Turbine Application, Proceedings of GHGT-8 Conference,
Trondheim, June 2006.

Tel.: +46-8-7396040 G. de Koeijer, M. Gjerset, S. Aasland, H. Kobro, B. Sivertsen, E. Rytter, Natural Gas Fired Power Plant Concept with Oxygen Transfer Membrane
e-mail : Ieif.brandels@vattenfalI.com Reactor and Ho. Fired Combined Cycle, Proceedings of GHGT-8 Conference, Trondheim, June 2006.

Inquiries on project management

G. Sekkappan, P. J. Melling, M. Anheden, G. Lindgren, F. Kluger, I. S. Molinero, C. Maggauer, A. Doukelis, Oxyfuel Technology for CO, Capture from
Advanced Supercritical Pulverised Fuel Power Plants, Proceedings of GHGT-8 Conference, Trondheim, June 2006.

K. Andersson, P. Ménckert, J. Maier, G. Scheffknecht, F. Johnsson, Combustion and Flame Characteristics of Oxy-fuel Combustion - Experimental
Activities within the ENCAP Project, Proceedings of GHGT-8 Conference, Trondheim, June 2006.

Dr. Nils Anders Rgkke W. Renzenbrink, K. J. Wolf, F. Hannemann, G. Zimmermann, E. Wolf, Development of Pre-combustion Decarbonisation Technologies for Zero-CO,
SINTEF Energy Research Power Generation, Proceedings of GHGT-8 Conference, Trondheim, June 2006.
Tel.: +4773592514 R. Carroni , Development of a Gas Turbine Burner for the Lean-Premixed Combustion of H,-Rich Fuels, Proceedings of GHGT-8 Conference, Trond-
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heim, June 2006.

F. Sander, R. Span, Modelling of an Oxygen Transport Membrane for an IGCC Process with CO, Capture, Proceedings of GHGT-8 Conference, Trond-
heim, June 2006.

F. Sander, S. Foeste, R. Span, Model of an Oxygen Transport Membrane for Coal Fired Power Cycles, Proceedings of the 9th International Inorganic
Membranes Conference, Lillehammer, June 2006.

J. Stroehle, T. Myhrvold, An Evaluation of Detailed Reaction Mechanisms for Hydrogen Combustion under Gas Turbine Conditions, International
Journal of Hydrogen Energy, January 2007, vol. 32, p. 125-135.

K. Andersson, F. Jonsson, Flame and Radiation Characteristics of Gas-fired O_/CO_ Recycle Combustion, FUEL, March-April 2007, vol. 86, p. 656-668.

F. Sander, S. Foeste, R. Span, Model of an Oxygen Transport Membrane for Coal Fired Power Cycles with CO, Capture, Proceedings of ASME Turbo
Expo 2007, Montreal, May 2007, GT2007-27788.

Wwwencapcozorg P. Monckert, D. Reber, J. Maier, G. Scheffknecht, Operation of a Retrofitted 0,5MWth PF Combustion Facility under Oxyfuel Conditions-An Experi-

ence report, Proceedings of Clearwater Coal Conference, Clearwater FL, June 2007.

H. Leion, T. Mattisson, A. Lyngfelt, The Use of Petroleum Coke as Fuel in Chemical Looping Combustion, FUEL, August 2007, vol. 86, p. 1947-1958.

P. Moencker, D. Reber, J. Maier, GG. Scheffknecht, Verhalten von Stickoxiden bei der Oxyfuel-Verbrennung mit Rauchgasrezirkulation, Procee-
dings of VDI Flammentag 2007 Conference, Berlin, September 2007.

J. Maier, B. Dhungel, P. Moenckert, G. Scheffknecht, Combustion and Emission Behaviour under Oxyfuel Conditions, Proceedings of Kraftwerkskollo-
quium Conference, Dresden 2007.

Information on Upcoming Events related to power generation with CO, capture

CASTOR-ENCAP-CACHET-DYNAMIS Common Technical Training Workshop, January 22-24, 2008, IFP Premises,
Lyon, France

7th European Conference on Coal Research and its Applications, September 3-5, 2008, Cardiff, Wales

GHGT-9, 9th International Conference on Greenhouse Gas Control Technologies, November 16-20, 2008, Washington,
DC, USA

More info about the events can be found in http://www.encapco2.org/events.htm
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