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RFCR-CT-2006-00006
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RFSR-CT-2003-00025
RFSR-CT-2006-00024
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RFSR-CT-2010-00030
RFSR-CT-2006-00034
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RFSR-CT-2003-00037
RFCR-CT-2014-00006
RFCR-CT-2013-00001
RFSR-CT-2005-00007
RFSP-CT-2006-00009
RFCP-CT-2013-00009
RFSR-CT-2009-00029
RFCR-CT-2003-00008
RFSR-CT-2005-00028
RFSR-CT-2008-00025
RFSR-CT-2006-00011
RFSR-CT-2011-00015
RFSR-CT-2008-00037
RFSR-CT-2010-00019
RFSR-CT-2013-00012
RFSR-CT-2003-00045
RFSR-CT-2009-00014
RFSR-CT-2009-00015
RFSR-CT-2008-00042
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RFSR-CT-2012-00033
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RFSR-CT-2013-00011
RFSR-CT-2012-00035
RFSR-CT-2003-00020
RFCR-CT-2013-00010
RFCR-CT-2006-00010
RFSP-CT-2007-00045

Acronym
ABETRAP
ACASOS
ACCLAIM
ACE-PICK
ACOUSVIBRA
ACTRESS
AcTuM
AdaptEAF
ADBLAST
ADCTEC
ADEMA
ADMONI
ADRIS
Advanced Wiping
AFINOPRO
AGAPUTE
AHSS-PROFILE
ALOAS
ALTERAMA
AMSSTED
ANALCO
Anti-chatter CHD
ASC2

ASEMIS
ASSOCOGS
ASTEX
ASYLECTRO
ASYMMROLL
ATCORAS
ATTEL
AUSPLUS
AUSTOUGH
AUTOCHECK
AUTOCOAT
AUTOCORR
AUTODIAG
AUTOFATCOR
AVAS
AVENTO
AWiCCo
BAINHARD
Bainite Design
BAINWEAR
BaseForm
BASIS

BASSE
BATHFOAM
BATIMASS
Beam-blank MFC
BESTSEAT
BIOGASS
BIOWAS
BiOxySorb
BOFCom
BOFDEDUST
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539
608

22
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27
321
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RFSR-CT-2014-00005
RFSR-CT-2003-00042
RFSR-CT-2012-00014
RFSR-CT-2004-00040
RFSR-CT-2008-00033
RFCR-CT-2003-00009
RFCR-CT-2010-00013
RFCP-CT-2014-00007
RFSR-CT-2004-00028
RFCR-CT-2009-00001
RFCR-CT-2010-00011
RFSR-CT-2003-00046
RFSR-CT-2003-00003
RFSR-CT-2004-00010
RFSR-CT-2003-00006
RFC2-CT-2006-00005
RFCP-CT-2006-00011
RFSR-CT-2012-00012
RFCR-CT-2014-00008
RFCR-CT-2005-00009
RFSR-CT-2014-00001
RFSR-CT-2006-00025
RFSR-CT-2010-00022
RFSR-CT-2008-00015
RFSR-CT-2014-00030
RFSR-CT-2008-00012
RFSR-CT-2004-00022
RFCR-CT-2006-00008
RFCR-CT-2003-00001
RFSR-CT-2005-00010
RFCR-CT-2005-00007
RFCR-CT-2005-00008
RFCR-CT-2009-00003
RFCR-CT-2013-00008
RFSR-CT-2006-00008
RFCR-CT-2014-00003
RFCR-CT-2013-00006
RFCR-CT-2008-00004
RFSR-CT-2010-00038
RFCR-CT-2013-00002
RFCR-CT-2010-00002
RFSR-CT-2010-00037
RFSR-CT-2005-00031
RFSR-CT-2004-00002
RFSR-CT-2011-00034
RFSR-CT-2003-00018
RFS2-CT-2007-00031
RFCR-CT-2012-00003
RFSR-CT-2009-00021
RFCP-CT-2004-00003
RFSR-CT-2005-00003
RFSR-CT-2006-00033
RFSR-CT-2007-00002
RFSR-CT-2004-00026
RFSR-CT-2011-00007
RFCR-CT-2006-00004
RFSR-CT-2006-00022
RFSR-CT-2011-00038
RFSR-CT-2004-00047
RFSR-CT-2006-00028
RFCR-CT-2013-00007

BOFdePhos
BOFDYN
BOLT_ZnAlMg
BRIDGEPLEX
BRiFaG

C2H UPGRADE
CAL-MOD
Ca02
CARBAIN
CARBOLAB
CARINA
CARSTEEL
CASTDESMON
CASTINCREM
CATIA
CCTPROM
CERCOT
CERROD
CERUBIS
CFB800
CharFoCo
CHARGE&LOAD
CHARMA
CHATTER
CHECKSIS
CHILLUB
CLEAN

CLEAN SELECTIVE
CLEFCO
CLOGGING
CLYCARGAS
CO.CA.CO.R.K.
CO2freeSNG
CO2freeSNG2.0
CO2RED
COAL2GAS
COALPHENES
COALSWAD
COATHYDRO
COGAR
COGASOUT
Cognitive Control
COHEADBAIN
COKARAC
COMBITUBE
COMBRI
COMBRI+
COMEX
COMPFIRE
COMTES700
CONOPT SCRAP
CONOX
Consistent BF
CONSTAINSSA
CONSTOX
cooL
CORINOX
CORSA
COSIMB
COSSFIRE
COWEST

206
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474
517
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117
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360

35
115
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102
103
303
127
101
159
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444
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658
282
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106

88
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99
100
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83
230

55

81

33
635

49

38
634
370
135
552
464
499

46
526

92
171
607
144
359
297

68
375
638
480
491

82



RFSR-CT-2006-00021
RFCR-CT-2013-00011
RFSR-CT-2008-00024
RFSR-CT-2014-00032
RFSR-CT-2011-00012
RFSR-CT-2007-00026
RFC2-CT-2008-00006
RFSR-CT-2004-00021
RFCR-CT-2011-00004
RFSR-CT-2012-00015
RFSR-CT-2004-00050
RFSR-CT-2005-00024
RFSR-CT-2008-00007
RFSR-CT-2007-00021
RFSR-CT-2005-00002
RFCR-CT-2007-00008
RFCR-CT-2010-00007
RFSR-CT-2006-00032
RFCR-CT-2010-00012
RFS2-CT-2003-00048
RFS2-CT-2007-00030

RFSR-CT-2011-00005
RFSR-CT-2012-00030
RFS2-CT-2004-00038
RFSR-CT-2010-00029
RFSP-CT-2004-00006
RFCP-CT-2004-00002
RFS2-CT-2004-00036
RFCR-CT-2014-00009
RFSR-CT-2008-00021
RFSR-CT-2009-00025
RFSR-CT-2011-00019
RFSR-CT-2003-00032
RFSR-CT-2012-00009
RFSR-CT-2013-00028
RFSR-CT-2014-00029
RFSR-CT-2004-00008
RFSR-CT-2003-00031
RFSR-CT-2006-00005
RFCP-CT-2008-00008
RFSP-CT-2010-00024
RFCR-CT-2008-00007
RFSR-CT-2004-00003
RFCR-CT-2005-00004
RFCR-CT-2007-00009
RFCR-CT-2010-00010
RFCR-CT-2008-00002
RFSR-CT-2004-00009
RFSR-CT-2007-00015
RFSR-CT-2003-00017
RFSR-CT-2013-00009
RFSR-CT-2013-00030
RFSR-CT-2008-00039
RFSR-CT-2007-00020
RFSR-CT-2013-00010
RFSR-CT-2010-00016
RFCR-CT-2009-00002
RFCR-CT-2008-00003
RFS$3-CT-2005-00038
RFCP-CT-2011-00003
RFSR-CT-2009-00032

CP-steels
CRAMUFAT24
CRESTA
CRESTA2
CRFREEROLLS
CRYO
CTLEUROPE
CUT-EDGE
DCFC
DECAWIN
DECFLAQ
DECOBIOF
DEFFREE
DELOC
DEMPOLIFE
DENOPT
DENSICHARGE
DETAILS
DEVCAT
DIFISEK

DIFISEK+
DIRECT DEFECT TOOLBOX-
DDT

DISCCO
DISKX100PIPE
DIiSTEEL

DOT Application
DRYCOAL
DryConDis
DRYLIG
DUCTAFORM
DUPLEXTANK
DURADH
DURATOOL
DYNAMO
DynCyanide
DYNERGYSteel
EAFCAMERA
EAFDYNCON
EAF-PROMS
ECLAIR
ECOBRIDGE
ECOCARB
ECONOSOX
ECOPITCH
ECO-Scrub
ECOWATER
EDAFFIC
EDDYCAST
EDGECONTROL
EEBIS
EfficientELO
EIRES

ELEM

ELEXIR
ELONHOTSTAMP
ELOTOP
EMIMSAR
EMTECH
ENCAVI

ENCIO

ENCOP

374
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299
435

71
317
119
399
598
323
236
380
140
109

76
495
116
461
498

241
561
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538
169

93
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128
385
532
445
420

648
657
170
167
180
112
534

72
136

64
110
629

31
219
278
463
347
650
523
379
404
339

36

32
483
118
626

RFSR-CT-2013-00027
RFSR-CT-2011-00020
RFSR-CT-2003-00013
RFS1-CT-2006-00002
RFCR-CT-2003-00003
RFSR-CT-2007-00006
RFSR-CT-2013-00021
RFSR-CT-2003-00001
RFSR-CT-2007-00037
RFSR-CT-2007-00024
RFSR-CT-2008-00038
RFSR-CT-2004-00041
RFSR-CT-2005-00047
RFS2-CT-2007-00029
RFCR-CT-2009-00004
RFSR-CT-2012-00040
RFSR-CT-2004-00015
RFCR-CT-2014-00005
RFSR-CT-2011-00001
RFSR-CT-2003-00041
RFSR-CT-2009-00027
RFSR-CT-2003-00021
RFSR-CT-2005-00042
RFSR-CT-2010-00032
RFCR-CT-2012-00001
RFCR-CT-2010-00009
RFSR-CT-2008-00019
RFSR-CT-2006-00029
RFSR-CT-2007-00042
RFSR-CT-2011-00030
RFSR-CT-2005-00019
RFSR-CT-2003-00030
RFSR-CT-2003-00029
RFSR-CT-2010-00015
RFSR-CT-2007-00008
RFSR-CT-2013-00001
RFCR-CT-2007-00005
RFSR-CT-2008-00001
RFSR-CT-2010-00017
RFCR-CT-2008-00005
RFSR-CT-2004-00011
RFCR-CT-2005-00010
RFCR-CT-2011-00005
RFSR-CT-2003-00027
RFSP-CT-2012-00007
RFSR-CT-2009-00035
RFSR-CT-2011-00035
RFSR-CT-2006-00038
RFSR-CT-2013-00015
RFCR-CT-2006-00007
RFSR-CT-2012-00025
RFS2-CT-2007-00032
RFSP-CT-2003-00007
RFSR-CT-2008-00032
RFCR-CT-2014-00004
RFCR-CT-2004-00005
RFCR-CT-2003-00011
RFCR-CT-2010-00001
RFSR-CT-2011-00027
RFSR-CT-2004-00016
RFSR-CT-2010-00021

EnergyDB
ENFASS
ENHANCED BF OPERATION
EOSC 2006
EPCWCMS
EPOSS
EQUALIOINTS
ERAMAC

ESE

ESTEP OPTIMET
ETHICS

ETIB

eTipo
EUROBUILD+
EUROFIBRES
EvalHD
EWRCOOL
EXPRO

EXTUL
FACTMON
FADLESS
FAMEGA
FATHOMS
FATWELDHSS
FEATureFACE
FECUNDUS
FERRIGAL
FIBLAS

FICEB
FIDESC4
FINALPLATEFLATNESS
FIRESTRUC
FLANGE CORROSION
Flat strip control
FLEXCHARGE
FLEXCOKE
FLEXGAS
FLEXINJECT
FLEXPROMUS
FLOMINET
FLOWVIS
FLOX-COAL
FLOX-COAL-II
FLUXFLOW
FOMTM
FOSUCOR
FRAMEUP
FREEZE
FREQTIGUE
FriendlyCoal
FRISCC

FS+

FULL-REC 2
FUSEIS
GasDrain
GEOASH
GEOMOD
GEOSOFT
GIPIPE
GLOBALSHAPECONTROL
GPHS

647
446
133
176

17
183
573

504
383
522
475
605
497

74
644
260

57
151
592

313
490
540

a4

78
331
492
509
548
268
467
419
338
185
158

69
146
340

34

97
120
217
244
290
553
612
454
105

500
163
516
56
94
20
37
545
261
443



RFSR-CT-2006-00018
RFSR-CT-2013-00005
RFSR-CT-2009-00004
RFSP-CT-2014-00003
RFSR-CT-2013-00018
RFSR-CT-2007-00001
RFSR-CT-2010-00012
RFSR-CT-2012-00010
RFSR-CT-2014-00012
RFSR-CT-2009-00009
RFSR-CT-2003-00023
RFSR-CT-2005-00021
RFSR-CT-2010-00014
RFSR-CT-2012-00028
RFSR-CT-2005-00004
RFSR-CT-2014-00021
RFSR-CT-2005-00027
RFSR-CT-2012-00027
RFSR-CT-2014-00010
RFSR-CT-2005-00033
RFSP-CT-2013-00006
RFSR-CT-2011-00002
RFSR-CT-2006-00031
RFS2-CT-2014-00023
RFSR-CT-2010-00031
RFSR-CT-2008-00035
RFSR-CT-2006-00026
RFS2-CT-2007-00033
RFSR-CT-2007-00018
RFSR-CT-2010-00008
RFSR-CT-2004-00013
RFSR-CT-2009-00024
RFCR-CT-2007-00006
RFCR-CT-2011-00002
RFSR-CT-2003-00010
RFSR-CT-2012-00024
RFSR-CT-2010-00020
RFSR-CT-2009-00030
RFCR-CT-2006-00003
RFSR-CT-2007-00016
RFSR-CT-2012-00038
RFCR-CT-2004-00001
RFSR-CT-2010-00006
RFSR-CT-2012-00037
RFSR-CT-2011-00016
RFSP-CT-2006-00001
RFSR-CT-2010-00002
RFSR-CT-2013-00003
RFSR-CT-2004-00023
RFSR-CT-2014-00020
RFSR-CT-2012-00002
RFCR-CT-2004-00004
RFSR-CT-2006-00006
RFCR-CT-2008-00001
RFSR-CT-2004-00012
RFSR-CT-2005-00005
RFSR-CT-2011-00003
RFSR-CT-2003-00008
RFSR-CT-2009-00026
RFSR-CT-2013-00014
RFSR-CT-2008-00002

GRAINCONT
GRAMAT
GREENEAF
GREENEAF2
GRISPE
Hearth efficiency
HEAT
HELNOX-BFG
HEROLL
HIDES
Hi-FLOW
HIGH-PICK
HIJETROD
HILONG
HINIST
HIPEBA
HIPERC
HIPERCUT
HiPerScale
HI-PROF
HIRODS
HISARNA B and C
HISTWIN
HISTWIN_Plus
HISTWIN2
HITUBES
HI-VEL

HiVoSS

Hppm
HRENERGYCONTROL
HSM LUBRICATION
HSS-SERF
HUGE

HUGE2
HYBLAS
HYBRO
HYDRAMICROS
HYDRAS
HYDROSEP
Hyprocom
12MSTEEL
IAMTECH
ICCRACK
ICONSYS
ICONTENS
IDEOGAS
IERO

ILORA
IMGALVA
IMMAC
IMPCO
IMPECABL
IMPHOS
IMPREX
IMPROSOUND
ImPurgingAr
IMSIMI
IMSTEELLAD
INAREIS
INCAFAT
INCLUSION

231
248
194
204
579
143
335
302
309
289
417
320

559
172
456
366
558
308
429
305
152
494
581
542
519
431
501
328
292
258
529

70

79
462
556
396
624

67
279

21
240
641
344
141
150
202
319
455

63
179
30
257
173
153

530
453
189

RFSP-CT-2011-00009
RFSR-CT-2004-00018
RFSR-CT-2005-00040
RFSR-CT-2009-00022
RFSR-CT-2014-00025
RFSR-CT-2007-00051
RFS2-CT-2012-00022
RFCR-CT-2003-00005
RFSR-CT-2010-00001
RFSR-CT-2007-00036
RFSR-CT-2010-00025
RFSR-CT-2012-00011
RFSR-CT-2004-00042
RFCR-CT-2012-00002
RFS2-CT-2007-00025
RFSR-CT-2009-00018
RFSR-CT-2005-00041
RFS2-CT-2009-00019
RFSR-CT-2011-00004
RFSR-CT-2013-00008
RFSR-CT-2010-00011
RFSR-CT-2003-00038
RFSR-CT-2010-00036
RFSR-CT-2008-00017
RFSR-CT-2011-00006
RFSR-CT-2006-00036
RFSR-CT-2004-00027
RFSR-CT-2012-00034
RFSR-CT-2007-00035
RFSR-CT-2011-00008
RFSR-CT-2008-00028
RFSR-CT-2009-00031
RFSR-CT-2013-00034
RFSR-CT-2009-00003
RFSR-CT-2014-00006
RFSR-CT-2008-00044
RFSR-CT-2006-00012
RFSR-CT-2006-00035
RFCP-CT-2003-00002
RFSR-CT-2006-00037
RFSR-CT-2007-00041
RFSR-CT-2012-00023
RFCR-CT-2014-00001
RFSR-CT-2003-00026
RFCR-CT-2010-00004
RFSR-CT-2008-00003
RFSR-CT-2006-00010
RFSR-CT-2010-00009
RFSR-CT-2008-00008
RFSR-CT-2009-00006
RFSR-CT-2008-00011
RFSR-CT-2009-00012
RFS2-CT-2013-00016
RFS2-CT-2005-00037
RFSR-CT-2011-00024
RFS2-CT-2011-00025
RFSR-CT-2007-00012
RFSR-CT-2006-00019
RFSR-CT-2012-00042
RFCR-CT-2013-00005
RFSR-CT-2004-00025

INCOOL
INCOSTEEL
INDUCWELD
INDUSE
INDUSE-2-SAFETY
InFaSo
INFASO+
INFERENCE
INNOCARB
INNOGLAST
INNO-HYCO
INNOSOLID
INPREST
INREQ
INSAPTRANS
INSTAP
INTAB
INTAB+
INTCLEANCON
IntelLub
INTERCOOL
IPCDS

IPRO

IPSA
IPTINGOT
IRSIS
ISA-PESR
JOINOX
JOINTEC
KINPCC
KINSREP
KNOWDEC
LACOMORE
LADLIFE
LADTHERM
LAREFMON
LASERHARD
LCS
LIGPOWER
LINECOP
LINESPEC
LOCAFI
LoCAL
LOCALHEAT
LOWCARB
LOWCNEAF
LOWWEAR
LPROLLCOAT
LSSEMIQUAL
LUBRIMOULD
LUBWORK
LUNA

LvS3

LWO+

MAC D
MACS+
MAGNETOHYDRO
MAGPRO
MAGSEP
MANAGER
MANNESTRAMP

296
263
488

583
513
554

61
149
503
535
246
476

45
433
442
489
524
198
307

591
633
329
242
610
363
568
502
243
436
625
654
193
207
192
275
609

87
611
508

53
418

40
190
273
293
237
239
281
393
569
486
449
543
232

646
51
358



RFSR-CT-2006-00023
RFSR-CT-2008-00005
RFSR-CT-2013-00024
RFCR-CT-2006-00002
RFSR-CT-2013-00022
RFSR-CT-2012-00017
RFSR-CT-2013-00002
RFSR-CT-2004-00001
RFSR-CT-2004-00004
RFSR-CT-2003-00009
RFCR-CT-2007-00007
RFSR-CT-2005-00030
RFSR-CT-2003-00044
RFS1-CT-2005-00025
RFSR-CT-2010-00010
RFSR-CT-2008-00027
RFSR-CT-2005-00034
RFSR-CT-2006-00017
RFSR-CT-2009-00011
RFSR-CT-2008-00018
RFSR-CT-2003-00040
RFCR-CT-2010-00005
RFCR-CT-2003-00004
RFCR-CT-2007-00003
RFCR-CT-2010-00014
RFSR-CT-2005-00029
RFSR-CT-2006-00027
RFSR-CT-2013-00033
RFCR-CT-2005-00002
RFSR-CT-2012-00041
RFCR-CT-2013-00004
RFSR-CT-2014-00027
RFSR-CT-2011-00036
RFSR-CT-2010-00033
RFSR-CT-2012-00016
RFSR-CT-2008-00022
RFSR-CT-2004-00043
RFSR-CT-2007-00013
RFSP-CT-2013-00004
RFCR-CT-2006-00001
RFS2-CT-2004-00037
RFSR-CT-2009-00013
RFSR-CT-2011-00017
RFSR-CT-2008-00046
RFSP-CT-2007-00047
RFCR-CT-2004-00007
RFCR-CT-2012-00005
RFSR-CT-2006-00015
RFSR-CT-2003-00005
RFSR-CT-2004-00024
RFSR-CT-2007-00049
RFSR-CT-2006-00020
RFSR-CT-2006-00004
RFSR-CT-2008-00040
RFCR-CT-2014-00010
RFSR-CT-2007-00004
RFSR-CT-2007-00007
RFSR-CT-2006-00014
RFSR-CT-2010-00005
RFSR-CT-2006-00007
RFSR-CT-2012-00018

MARTIMPROP
MASTERBILLET
MATCH
MAXICARB
Meakado
MECBAIN
MeltCon
MEMORACE
MEORU
MEPMO
MERCURYCAP
Metaldesign
METHODOWEAR
MICROAS 05
MICROCONTROL
MICRODAMAGE
MICROFAT
MICRO-QUANT
MICROTOOLS
MICSIPE
MIHAR
MINFIREX
MINORTOP
MINTOS
MISSTER
MISTRETO
MnAl-steel
MODELCOR
MONSUPPORT
MONWIRE
M-SMARTGRID
Mu-Blast
MULTISAVE
MU-STEEL
NAMOS
NANOBAIN
NASCENT
NDTCASTING
NDTSLAB
NEMAEQ
NEWEU
NEWGENHSS
NEWQP
NEXTEP
NitrateBio Demo
NODIOXCOMB
NOEMI
NOVANNEAL
Nox-RF
NUSIMAG
O-Chess
ODS-STEEL
OFFGAS

omMC

OnCord
ONDECO
OPCONSTAINLESS
OPTCOOLUB
OPTDESLAG
OPTHEAT
OPTIBOS

376
234
576

66
574
401
201
134
137
353
111
369

364
294
390
430
371
392
330
356

41

89

28

42
368
432
653

23
645

50
655
636
630
400
386
477
233
247

25
472
441
397
332
615

96

80
325
215
357
617
373
178
619
129
181
184

197
229
402

RFSR-CT-2014-00026
RFSR-CT-2007-00014
RFSR-CT-2004-00019
RFCP-CT-2011-00001
RFSR-CT-2012-00004
RFSR-CT-2014-00007
RFSR-CT-2011-00011
RFSR-CT-2012-00003
RFSR-CT-2007-00040
RFSR-CT-2008-00014
RFSR-CT-2007-00039
RFSR-CT-2008-00016
RFCR-CT-2006-00009
RFCR-CT-2009-00005
RFCR-CT-2005-00006
RFSR-CT-2003-00002
RFSR-CT-2009-00007
RFSR-CT-2005-00045
RFSR-CT-2005-00026
RFSR-CT-2005-00039
RFSR-CT-2005-00044
RFSR-CT-2012-00005
RFSR-CT-2012-00008
RFSR-CT-2007-00038
RFSR-CT-2010-00018
RFSR-CT-2003-00034
RFSR-CT-2005-00014
RFS2-CT-2011-00026
RFSR-CT-2006-00030
RFSR-CT-2005-00006
RFSR-CT-2003-00015
RFSR-CT-2014-00031
RFSR-CT-2003-00022
RFCR-CT-2007-00004
RFSR-CT-2012-00021
RFSR-CT-2004-00029
RFSR-CT-2004-00031
RFSR-CT-2013-00019
RFSR-CT-2007-00027
RFSR-CT-2003-00016
RFCR-CT-2007-00001
RFS2-CT-2005-00035
RFSR-CT-2010-00004
RFSR-CT-2009-00017
RFSR-CT-2013-00032
RFSR-CT-2013-00031
RFCR-CT-2005-00003
RFSP-CT-2007-00048
RFSR-CT-2003-00004
RFCR-CT-2010-00008
RFSR-CT-2005-00043
RFSR-CT-2003-00024
RFCR-CT-2012-00008
RFSR-CT-2011-00039
RFCR-CT-2005-00005
RFSR-CT-2012-00039
RFSR-CT-2009-00016
RFSR-CT-2003-00036
RFSR-CT-2004-00030
RFSR-CT-2010-00034
RFSR-CT-2009-00010

OPTIBRI
OPTIFIN
OPTILUB
OPTI-MINE
OPTIPER
OptiScrapManage
OPTISHAMP
OPTISTOVE
OPTISTRAIGHT
OPTITUBE
OPUS
OxMaPro
OxyBurner
OXYCORR
OXYMOD
PACROLP
PACROLP-II
PERMESS
PISAC
PLASTOTOUGH
PLATEND
PLUGWATCH
PMAP
PRECASTEEL
PrecHiMn
PRECIOUS
PRECIPITATION
PRECO+
PrECo-Beam
PREDINC
PREMPROP
PRESED
PRESEG
PRESIDENCE
PRESSPERFECT
PREST
PrimeForm
PROINDUSTRY
PROMACH
PROMS
PROSAFECOAL
PROSSUS
PROTECT
PROTUBEND
PSP-BOF

PUC

RAINOW
RAMSCI
RAPCOAT
RATIO-COAL
REAL

REC DC EAF
RECaL

RECONI
REDPAH
REFFIPLANT
REFORM
REGTGF
REHOMI
RELOTEMP
REPAIR

584
277
264

43
157
208
300
156
507
284
506
286
107
114

98
253
287
603
365
487
602
199
245
505
394
468
228
544
493
174
354
659
216

29
403
361
423
571
434
165

26
484
196
440
652
651

24
616
588

77
601
166
122
639

65
643
438
218
362
631
333



RFS3-CT-2005-00015
RFSR-CT-2014-00008
RFSR-CT-2007-00043
RFSR-CT-2008-00036
RFSR-CT-2012-00029
RFSR-CT-2004-00046
RFSR-CT-2009-00008
RFSR-CT-2008-00023
RFSP-CT-2006-00013
RFSR-CT-2012-00045
RFSR-CT-2010-00007
RFCR-CT-2013-00003
RFSR-CT-2012-00036
RFSR-CT-2009-00023
RFSR-CT-2012-00026
RFSR-CT-2013-00023
RFCR-CT-2003-00010
RFSR-CT-2010-00028
RFSR-CT-2010-00026
RFSR-CT-2011-00033
RFSR-CT-2010-00027
RFSR-CT-2013-00025
RFSR-CT-2009-00020
RFSR-CT-2005-00016
RFSR-CT-2013-00017
RFSP-CT-2008-00041
RFS2-CT-2008-00030
RFSR-CT-2004-00045
RFSR-CT-2011-00031
RFSP-CT-2008-00009
RFSR-CT-2010-00035
RFSR-CT-2004-00044
RFS2-CT-2010-00023
RFSR-CT-2004-00052
RFSP-CT-2007-00046
RFSR-CT-2012-00032
RFSR-CT-2003-00039
RFSR-CT-2005-00001
RFSR-CT-2005-00046
RFSR-CT-2006-00039
RFSR-CT-2014-00024
RFSR-CT-2009-00034
RFSR-CT-2012-00006
RFSR-CT-2011-00037
RFSR-CT-2005-00012
RFSP-CT-2009-00028
RFCR-CT-2008-00009
RFSR-CT-2012-00031
RFSR-CT-2005-00009
RFSR-CT-2004-00017
RFSR-CT-2005-00011
RFSR-CT-2004-00033
RFSR-CT-2007-00005
RFSR-CT-2014-00028
RFSR-CT-2005-00023
RFSR-CT-2005-00032
RFSR-CT-2008-00029
RFCR-CT-2010-00006
RFSR-CT-2006-00003
RFSR-CT-2004-00048
RFSR-CT-2004-00014

RFS-CR-03012
RIMFOAM
ROBUST
ROBUSTFIRE
ROBUSTIMPACT
Robustness
ROLLGAP SENSORS
ROLLINGHASS
ROLLMARK
ROLLSTREM
ROLLWITECH
RTRO-Coal
RUOSTE
RUSTEEL

S+G
SAFEBRICTILE
SAFETECH
SAFETOWER
SAFSS

SARCO2
SB_Steel
SBD-SPipe
SBRI

Scale Control
SCIENCE
SCRAP PROBE
SECHALO
SEISRACKS
SEISRACKS2
SELECTIVEROLLCOOLING
SELSA
Semi-Comp
SEMI-COMP+
SensoCont
SensorControPilot
SEQBRI
SHAPEHPM
SHOCOM
SIMUSTEEL
Sinter efficiency
SIROCO
SISCON
SLACON
SLAGFERTILISER
SLAGFILMOWL
SLASORB
SMARTBURN
SMARTCOCO
SMARTFIRE
SOFTDETECT
SOLIMOULD
SOLVSTIR
SOPLIQS
SOProd

SPACE
SpeedFat
SPRINCOM
SPRITCO

SSIA

SSIF

SSSSS

270
209
510
520
560
479
288

272
304
291

52
565
528
566
575

19
537
536
551
541
577
525

570
618
514
482
549
280
632
478
533
600
614
562
256
139
604
142
582
628
200
637
226
622
113
567
223
262
225
425
182
656
322
428
437

75
177
481
259

RFSR-CT-2007-00011
RFS2-CT-2014-00022
RFSR-CT-2014-00014
RFSR-CT-2007-00050
RFSR-CT-2011-00022
RFSR-CT-2014-00018
RFSR-CT-2007-00009
RFSR-CT-2004-00032
RFSR-CT-2008-00026
RFSP-CT-2007-00017
RFSR-CT-2012-00020
RFSR-CT-2014-00019
RFSR-CT-2009-00033
RFSR-CT-2003-00047
RFSR-CT-2012-00001
RFSR-CT-2003-00049
RFSR-CT-2003-00019
RFSR-CT-2011-00028
RFSR-CT-2011-00040
RFCR-CT-2014-00002
RFSR-CT-2003-00012
RFSR-CT-2011-00023
RFSR-CT-2013-00029
RFSR-CT-2005-00048
RFSP-CT-2003-00033
RFSR-CT-2014-00009
RFSR-CT-2013-00013
RFSR-CT-2014-00033
RFSR-CT-2004-00020
RFSR-CT-2005-00018
RFSR-CT-2009-00001
RFSR-CT-2010-00003
RFSR-CT-2014-00015
RFSR-CT-2009-00005
RFSR-CT-2003-00014
RFSR-CT-2004-00051
RFSR-CT-2005-00013
RFSR-CT-2004-00034
RFSR-CT-2012-00019
RFCR-CT-2010-00003
RFSR-CT-2007-00044
RFSR-CT-2011-00029
RFSR-CT-2004-00005
RFSR-CT-2009-00002
RFSR-CT-2010-00013
RFSR-CT-2004-00049
RFSR-CT-2007-00010
RFSR-CT-2011-00014
RFS2-CT-2005-00036
RFS2-CT-2014-00002
RFSR-CT-2003-00035
RFSR-CT-2013-00007
RFSR-CT-2005-00017
RFCR-CT-2003-00006
RFSR-CT-2006-00016
RFSP-CT-2011-00013
RFSR-CT-2008-00013
RFS2-CT-2007-00028
RFSR-CT-2011-00010
RFSR-CT-2011-00032
RFSR-CT-2003-00028

STEELCLEANCONTROL
STEEL-EARTH
STEELPV

STEELRETRO
STEELTAC

SteelWind

Stimprove
STRAINHARD
StrengthCONTROL

Stripvibrations reduction

STT
SuperHigh
SUPSYSCC
SURFQUALDEV
SUSTAINTAP
SYNFAB
SYNPEX
TABASCO
TECPLAN
TeleRescuer
TESTRA
TESTTOOL
THERELEXPRO
THINFILM
THINSTRIP
TICLOGG
TOOLMART
Toolsteel
TOPOMETER
TOPROLLS
TOSICO
TOTOPTLIS
TOUGH-SHEET
TRANSIENT
TREES
TRESOR
TUNDJUST
TUTEMP
TWIP4EU
UCG & CO2 STORAGE
UCoSiF

ULCF

ULCOS

ULCOS TGRBF
ULTRA DRY COOLING
ULTRAFINE
URIOM
VADPSHEETS
VALCOSS
VALEAF
VERAPS
VirtROLL
WACOOL
WATERCHEM
WAVIMETER
WAVISURF
WINROLLS
WiSH
WORODEFS
ZEMUSIC
ZINC-ALLOY

188
580
349
512
447
411
186
424
389
327
452
412
627
596
154
422
465
546
640

54

448
649
606
213
249
407
457
316
267
148
195
408
238
590
599

426
451

39
511
547
138
147
336

187
342
485
203
469
306
266

18

341
283
496
298
550
314



RFSR-CT-2008-00043
RFSR-CT-2012-00013
RFSR-CT-2003-00011
RFSR-CT-2005-00052
RFS1-CT-2008-00020
RFSR-CT-2004-00035
RFS$3-CT-2004-00039
RFS3-CT-2008-00031

ZINCANA
ZINCOBOR

621
345
254
324
384
427
470
515
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Projects listed by Reference Number

Reference Number

RFC2-CT-2006-00005
RFC2-CT-2008-00006
RFCP-CT-2003-00002
RFCP-CT-2004-00002
RFCP-CT-2004-00003
RFCP-CT-2006-00011
RFCP-CT-2008-00008
RFCP-CT-2011-00001
RFCP-CT-2011-00003
RFCP-CT-2012-00006
RFCP-CT-2013-00009
RFCP-CT-2014-00007
RFCR-CT-2003-00001
RFCR-CT-2003-00003
RFCR-CT-2003-00004
RFCR-CT-2003-00005
RFCR-CT-2003-00006
RFCR-CT-2003-00007
RFCR-CT-2003-00008
RFCR-CT-2003-00009
RFCR-CT-2003-00010
RFCR-CT-2003-00011
RFCR-CT-2004-00001
RFCR-CT-2004-00004
RFCR-CT-2004-00005
RFCR-CT-2004-00006
RFCR-CT-2004-00007
RFCR-CT-2005-00001
RFCR-CT-2005-00002
RFCR-CT-2005-00003
RFCR-CT-2005-00004
RFCR-CT-2005-00005
RFCR-CT-2005-00006
RFCR-CT-2005-00007
RFCR-CT-2005-00008
RFCR-CT-2005-00009
RFCR-CT-2005-00010
RFCR-CT-2006-00001
RFCR-CT-2006-00002
RFCR-CT-2006-00003
RFCR-CT-2006-00004
RFCR-CT-2006-00006
RFCR-CT-2006-00007
RFCR-CT-2006-00008
RFCR-CT-2006-00009
RFCR-CT-2006-00010
RFCR-CT-2007-00001

Acronym
CCTPROM
CTLEUROPE
LIGPOWER
DRYCOAL
COMTES700
CERCOT
ECLAIR
OPTI-MINE
ENCIO
ACCLAIM
ASC2

Ca02

CLEFCO
EPCWCMS
MINORTOP
INFERENCE
WATERCHEM
ADMONI
ASSOCOGS
C2H UPGRADE
SAFETECH
GEOMOD
IAMTECH
IMPECABL
GEOASH
AGAPUTE
NODIOXCOMB
ADEMA
MONSUPPORT
RAINOW
ECOPITCH
REDPAH
OXYMOD
CLYCARGAS
CO.CA.CO.RK.
CFB800
FLOX-COAL
NEMAEQ
MAXICARB
HYDROSEP
cooL
ABETRAP
FriendlyCoal
CLEAN SELECTIVE
OxyBurner
BOFCom
PROSAFECOAL

Page

102
71
87
93
92

103

112
43

118

121

123

126
88
17
89
61
18
el
91
62
19
20
21
63
9
95
9%
22
23
24
64
65
o8
99

100

101
97
25
66
67
68

104

105

106

107

108
26

RFCR-CT-2007-00002
RFCR-CT-2007-00003
RFCR-CT-2007-00004
RFCR-CT-2007-00005
RFCR-CT-2007-00006
RFCR-CT-2007-00007
RFCR-CT-2007-00008
RFCR-CT-2007-00009
RFCR-CT-2008-00001
RFCR-CT-2008-00002
RFCR-CT-2008-00003
RFCR-CT-2008-00004
RFCR-CT-2008-00005
RFCR-CT-2008-00007
RFCR-CT-2008-00009
RFCR-CT-2009-00001
RFCR-CT-2009-00002
RFCR-CT-2009-00003
RFCR-CT-2009-00004
RFCR-CT-2009-00005
RFCR-CT-2010-00001
RFCR-CT-2010-00002
RFCR-CT-2010-00003
RFCR-CT-2010-00004
RFCR-CT-2010-00005
RFCR-CT-2010-00006
RFCR-CT-2010-00007
RFCR-CT-2010-00008
RFCR-CT-2010-00009
RFCR-CT-2010-00010
RFCR-CT-2010-00011
RFCR-CT-2010-00012
RFCR-CT-2010-00013
RFCR-CT-2010-00014
RFCR-CT-2011-00002
RFCR-CT-2011-00004
RFCR-CT-2011-00005
RFCR-CT-2012-00001
RFCR-CT-2012-00002
RFCR-CT-2012-00003
RFCR-CT-2012-00004
RFCR-CT-2012-00005
RFCR-CT-2012-00008
RFCR-CT-2013-00001
RFCR-CT-2013-00002
RFCR-CT-2013-00003
RFCR-CT-2013-00004
RFCR-CT-2013-00005
RFCR-CT-2013-00006
RFCR-CT-2013-00007
RFCR-CT-2013-00008
RFCR-CT-2013-00010
RFCR-CT-2013-00011
RFCR-CT-2014-00001

ADRIS
MINTOS
PRESIDENCE
FLEXGAS
HUGE
MERCURYCAP
DENOPT
ECO-Scrub
IMPREX
EDAFFIC
EMTECH
COALSWAD
FLOMINET
ECOCARB
SMARTBURN
CARBOLAB
EMIMSAR
CO2freeSNG
EUROFIBRES
OXYCORR
GEOSOFT
COGASOUT
UCG & CO2 STORAGE
LOWCARB
MINFIREX
SPRITCO
DENSICHARGE
RATIO-COAL
FECUNDUS
ECOWATER
CARINA
DEVCAT
CAL-MOD
MISSTER
HUGE2

DCFC
FLOX-COAL-II
FEATureFACE
INREQ
COMEX
AVENTO
NOEMI

RECaL
AMSSTED
COGAR
RTRO-Coal
M-SMARTGRID
MANAGER
COALPHENES
COWEST
CO2freeSNG2.0
BiOxySorb
CRAMUFAT24
LoCAL

27
28
29
69
70

111

109

110
30
31
32
33
34
72

113
35
36
73
74

114
37
38
39
40
4
75
76
77
78

629

115

116

117
42
79

119

120
44
45
46
47
80

122
48
49
52
50
51
81
82
83

124

125
53



RFCR-CT-2014-00002
RFCR-CT-2014-00003
RFCR-CT-2014-00004
RFCR-CT-2014-00005
RFCR-CT-2014-00006
RFCR-CT-2014-00008
RFCR-CT-2014-00009
RFCR-CT-2014-00010
RFS1-CT-2005-00025
RFS1-CT-2006-00002
RFS1-CT-2008-00020
RFS2-CT-2003-00048
RFS2-CT-2004-00036
RFS2-CT-2004-00037
RFS2-CT-2004-00038
RFS2-CT-2005-00035
RFS2-CT-2005-00036
RFS2-CT-2005-00037
RFS2-CT-2007-00025
RFS2-CT-2007-00028
RFS2-CT-2007-00029
RFS2-CT-2007-00030
RFS2-CT-2007-00031
RFS2-CT-2007-00032
RFS2-CT-2007-00033
RFS2-CT-2008-00030
RFS2-CT-2009-00019
RFS2-CT-2010-00023
RFS2-CT-2011-00025
RFS2-CT-2011-00026
RFS2-CT-2012-00022
RFS2-CT-2013-00016
RFS2-CT-2014-00002
RFS2-CT-2014-00022
RFS2-CT-2014-00023
RFS3-CT-2004-00039
RFS3-CT-2005-00015
RFS3-CT-2005-00038
RFS3-CT-2008-00031
RFSP-CT-2003-00007
RFSP-CT-2003-00033
RFSP-CT-2004-00006
RFSP-CT-2005-00008
RFSP-CT-2006-00001
RFSP-CT-2006-00009
RFSP-CT-2006-00013
RFSP-CT-2007-00017
RFSP-CT-2007-00045
RFSP-CT-2007-00046
RFSP-CT-2007-00047
RFSP-CT-2007-00048
RFSP-CT-2008-00009
RFSP-CT-2008-00041
RFSP-CT-2009-00028

TeleRescuer
COAL2GAS
GasDrain
EXPRO
ALTERAMA
CERUBIS
DRYLIG
OnCord
MICROAS 05
EOSC 2006

DIFISEK
DryConDis
NEWEU
DISKX100PIPE
PROSSUS
VALCOSS
LWO+
INSAPTRANS
WiSH
EUROBUILD+
DIFISEK+
COMBRI+
FS+

HiVoSS
SECHALO
INTAB+
SEMI-COMP+
MACS+
PRECO+
INFASO+
Lvs3

VALEAF
STEEL-EARTH
HISTWIN_Plus

RFS-CR-03012
ENCAVI

FULL-REC 2

THINSTRIP

DOT Application
Beam-blank MFC
IDEOGAS

Anti-chatter CHD
ROLLMARK
Stripvibrations reduction
BOFDEDUST
SensorControPilot
NitrateBio Demo
RAMSCI
SELECTIVEROLLCOOLING
SCRAP PROBE

SLASORB

54

55

56

57

84
127
128
129
364
176
384
461
471
472
473
484
485
486
433
496
497
498
499
500
501
514
524
533
543
544

569
203
580
581
470
270
483
515
163
213
169
222
141
271
272

613
614
615
616
280
618
622

10

RFSP-CT-2010-00024
RFSP-CT-2011-00009
RFSP-CT-2011-00013
RFSP-CT-2012-00007
RFSP-CT-2013-00004
RFSP-CT-2013-00006
RFSP-CT-2014-00003
RFSP-CT-2014-00004
RFSP-CT-2014-00013
RFSR-CT-2003-00001
RFSR-CT-2003-00002
RFSR-CT-2003-00003
RFSR-CT-2003-00004
RFSR-CT-2003-00005
RFSR-CT-2003-00006
RFSR-CT-2003-00008
RFSR-CT-2003-00009
RFSR-CT-2003-00010
RFSR-CT-2003-00011
RFSR-CT-2003-00012
RFSR-CT-2003-00013
RFSR-CT-2003-00014
RFSR-CT-2003-00015
RFSR-CT-2003-00016
RFSR-CT-2003-00017
RFSR-CT-2003-00018
RFSR-CT-2003-00019
RFSR-CT-2003-00020
RFSR-CT-2003-00021
RFSR-CT-2003-00022
RFSR-CT-2003-00023
RFSR-CT-2003-00024
RFSR-CT-2003-00025
RFSR-CT-2003-00026
RFSR-CT-2003-00027
RFSR-CT-2003-00028
RFSR-CT-2003-00029
RFSR-CT-2003-00030
RFSR-CT-2003-00031
RFSR-CT-2003-00032
RFSR-CT-2003-00034
RFSR-CT-2003-00035
RFSR-CT-2003-00036
RFSR-CT-2003-00037
RFSR-CT-2003-00038
RFSR-CT-2003-00039
RFSR-CT-2003-00040
RFSR-CT-2003-00041
RFSR-CT-2003-00042
RFSR-CT-2003-00043
RFSR-CT-2003-00044
RFSR-CT-2003-00045
RFSR-CT-2003-00046
RFSR-CT-2003-00047

ECOBRIDGE
INCOOL
WAVISURF
FOMTM
NDTSLAB
HIRODS
GREENEAF2
AdaptEAF
ACE-PICK
ERAMAC
PACROLP
CASTDESMON
RAPCOAT
Nox-RF
CATIA
IMSTEELLAD
MEPMO
HYBLAS

TESTRA

ENHANCED BF OPERATION

TREES
PREMPROP
PROMS
EEBIS
COMBRI
SYNPEX
BIOWAS
FAMEGA
PRESEG
Hi-FLOW
REC DC EAF
ACOUSVIBRA
LOCALHEAT
FLUXFLOW
ZINC-ALLOY
FLANGE CORROSION
FIRESTRUC
EAFDYNCON
DURATOOL
PRECIOUS
VERAPS
REGTGF
ALOAS

IPCDS
SHAPEHPM
MIHAR
FACTMON
BOFDYN
AVAS
METHODOWEAR
AUTOCHECK
CARSTEEL
SURFQUALDEV

534
296
341
244
247
305
204
205
348

253
214

215
589
164
353
462
254
255
133
590
354
165
463
464
465
355
313
216
417
166
466
418
217
314
419
467
167
420
468
469
218
421
591
256
356

168
593
594
595
315



RFSR-CT-2003-00049
RFSR-CT-2004-00001
RFSR-CT-2004-00002
RFSR-CT-2004-00003
RFSR-CT-2004-00004
RFSR-CT-2004-00005
RFSR-CT-2004-00008
RFSR-CT-2004-00009
RFSR-CT-2004-00010
RFSR-CT-2004-00011
RFSR-CT-2004-00012
RFSR-CT-2004-00013
RFSR-CT-2004-00014
RFSR-CT-2004-00015
RFSR-CT-2004-00016
RFSR-CT-2004-00017
RFSR-CT-2004-00018
RFSR-CT-2004-00019
RFSR-CT-2004-00020
RFSR-CT-2004-00021
RFSR-CT-2004-00022
RFSR-CT-2004-00023
RFSR-CT-2004-00024
RFSR-CT-2004-00025
RFSR-CT-2004-00026
RFSR-CT-2004-00027
RFSR-CT-2004-00028
RFSR-CT-2004-00029
RFSR-CT-2004-00030
RFSR-CT-2004-00031
RFSR-CT-2004-00032
RFSR-CT-2004-00033
RFSR-CT-2004-00034
RFSR-CT-2004-00035
RFSR-CT-2004-00040
RFSR-CT-2004-00041
RFSR-CT-2004-00042
RFSR-CT-2004-00043
RFSR-CT-2004-00044
RFSR-CT-2004-00045
RFSR-CT-2004-00046
RFSR-CT-2004-00047
RFSR-CT-2004-00048
RFSR-CT-2004-00049
RFSR-CT-2004-00050
RFSR-CT-2004-00051
RFSR-CT-2004-00052
RFSR-CT-2005-00001
RFSR-CT-2005-00002
RFSR-CT-2005-00003
RFSR-CT-2005-00004
RFSR-CT-2005-00005
RFSR-CT-2005-00006
RFSR-CT-2005-00007

SYNFAB
MEMORACE
COKARAC
ECONOSOX
MEORU
ULCOS
EAFCAMERA
EDDYCAST
CASTINCREM
FLOWVIS
IMPROSOUND
HSM LUBRICATION
SSSSS
EWRCOOL

GLOBALSHAPECONTROL

SOFTDETECT
INCOSTEEL
OPTILUB
TOPOMETER
CUT-EDGE
CLEAN
IMGALVA
NUSIMAG
MANNESTRAMP
CONSTAINSSA
ISA-PESR
CARBAIN
PREST
REHOMI
PrimeForm
STRAINHARD
SOLVSTIR
TUTEMP

BRIDGEPLEX
ETIB
INPREST
NASCENT
Semi-Comp
SEISRACKS
Robustness
cosivB
SSIF
ULTRAFINE
DECFLAQ
TRESOR
SensoCont
SHOCOM
DEMPOLIFE
CONOPT SCRAP
HINIST
ImPurgingAr
PREDINC
ANALCO

422
134
135
136
137
138
170
219
220
221
257
258
259
260
261
262
263
264
316
317
318
319
357
358
359
363
360
361
362
423
424
425
426
427
474
475
476
477
478
482
479
480
481
597
598
599
600
139
140
171
172
173
174
175

11

RFSR-CT-2005-00009
RFSR-CT-2005-00010
RFSR-CT-2005-00011
RFSR-CT-2005-00012
RFSR-CT-2005-00013
RFSR-CT-2005-00014
RFSR-CT-2005-00016
RFSR-CT-2005-00017
RFSR-CT-2005-00018
RFSR-CT-2005-00019
RFSR-CT-2005-00020
RFSR-CT-2005-00021
RFSR-CT-2005-00022
RFSR-CT-2005-00023
RFSR-CT-2005-00024
RFSR-CT-2005-00026
RFSR-CT-2005-00027
RFSR-CT-2005-00028
RFSR-CT-2005-00029
RFSR-CT-2005-00030
RFSR-CT-2005-00031
RFSR-CT-2005-00032
RFSR-CT-2005-00033
RFSR-CT-2005-00034
RFSR-CT-2005-00039
RFSR-CT-2005-00040
RFSR-CT-2005-00041
RFSR-CT-2005-00042
RFSR-CT-2005-00043
RFSR-CT-2005-00044
RFSR-CT-2005-00045
RFSR-CT-2005-00046
RFSR-CT-2005-00047
RFSR-CT-2005-00048
RFSR-CT-2005-00052
RFSR-CT-2006-00003
RFSR-CT-2006-00004
RFSR-CT-2006-00005
RFSR-CT-2006-00006
RFSR-CT-2006-00007
RFSR-CT-2006-00008
RFSR-CT-2006-00010
RFSR-CT-2006-00011
RFSR-CT-2006-00012
RFSR-CT-2006-00014
RFSR-CT-2006-00015
RFSR-CT-2006-00016
RFSR-CT-2006-00017
RFSR-CT-2006-00018
RFSR-CT-2006-00019
RFSR-CT-2006-00020
RFSR-CT-2006-00021
RFSR-CT-2006-00022
RFSR-CT-2006-00023

SMARTFIRE
CLOGGING
SOLIMOULD
SLAGFILMOWL
TUNDJUST
PRECIPITATION
Scale Control
WACOOL
TOPROLLS
FINALPLATEFLATNESS
AWiCCo
HIGH-PICK
Advanced Wiping
SPACE
DECOBIOF
PISAC

HIPERC

ASTEX
MISTRETO
Metaldesign
COHEADBAIN
SpeedFat
HI-PROF
MICROFAT
PLASTOTOUGH
INDUCWELD
INTAB
FATHOMS
REAL

PLATEND
PERMESS
SIMUSTEEL
eTipo
THINFILM

SSIA

OFFGAS
EAF-PROMS
IMPHOS
OPTHEAT
CO2RED
LOWWEAR
ASYMMROLL
LASERHARD
OPTCOOLUB
NOVANNEAL
WAVIMETER
MICRO-QUANT
GRAINCONT
MAGPRO
ODS-STEEL
CP-steels
CORINOX
MARTIMPROP

223
224
225
226
227
228
265
266
267
268
269
320

322
323
365
366
367
368
369
370
428
429
430
487
488
489
490
601
602
603
604
605
606
324
177
178
180
179
229
230
273
274
275
276
325
326
371
231
372
373
374
375
376



RFSR-CT-2006-00024
RFSR-CT-2006-00025
RFSR-CT-2006-00026
RFSR-CT-2006-00027
RFSR-CT-2006-00028
RFSR-CT-2006-00029
RFSR-CT-2006-00030
RFSR-CT-2006-00031
RFSR-CT-2006-00032
RFSR-CT-2006-00033
RFSR-CT-2006-00034
RFSR-CT-2006-00035
RFSR-CT-2006-00036
RFSR-CT-2006-00037
RFSR-CT-2006-00038
RFSR-CT-2006-00039
RFSR-CT-2007-00001
RFSR-CT-2007-00002
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Technical Group Coal 1

Coal mining operation, mine
infrastructure and management,
unconventional use of coal
deposits

The scope of TGC1 includes:
e Modern techniques for surveying deposits
¢ Integrated mine planning

e Highly efficient, largely automated excavation and mining technologies corresponding to the geological
characteristics of EU hard coal deposits

e Appropriate support technologies
e Transport systems

e Power supply services, communication and information, transmission, monitoring and process control
system

e Health and safety in mines, gas control, ventilation and air conditioning, occupational health safety

e Reduction of green house emissions from coal deposits

e Return to the mine of mining waste, fly ash, desulphurization, other forms of waste

e Refurbishment of waste heaps and the industrial use of residues from coal production and consumption
e Protection of water tables and the purification of mine drainage water

e Protection of surface installation against the effects of subsidence in the short and long term

e (02 geological storage

e Upgrading coal deposits; coal bed methane, enhanced coal bed methane, underground gasification,
others
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Summaries of RFCS Projects 2003-2014

TGC1 : Coal mining operation, mine infrastructure and management, unconventional use of coal deposits

RFCR-CT-2003-00003 ' EPCWCMS

Enhancing the performance of mine communication, warning and condition monitoring systems

Info | Type of Project Research Duration (months) 36
Total Budget 2236231 € Start Date 1/09/2003
EU Contribution 1341739 € End Date 31/08/2006

State  Project completed

Final Report

Final Abstract  This project investigated improvements in power line communications (PLC), condition monitoring techniques and diagnostic
aids, together with improving audible communication systems underground. The work on PLC investigated narrow-band, low
data rate technologies and high data bandwidth broadband PLC technologies. It is concluded that broadband PLC technologies
cannot currently meet the requirements of providing backbone communications in mining and that fibre-optic methods offer
better performance. However, short range broadband applications are feasible and an innovative voice and data transmission
system, including remote control features, has been developed for coalface communications, using radiofrequency and digital
voice technologies not previously used for this application. This system accommodates all the new digital interfaces: Bluetooth,
PLC, twisted pair cables, etc. The condition monitoring research has led to a suite of new specialised ATEX-certified sensors
together with the development of new vibration signature tracking and classification devices and methods, which provide an
early indication of incipient failure. Particular value of these methods is anticipated with coalface equipment. A further
component of the work examined the practicability of implementing noise reduction techniques in mining communications
systems and noisy workplaces by means of active noise cancellation (ANC). Whilst ANC-based techniques would not be currently
cost-effective, several other practical communication improvements are worth considering further. These include new hearing
protector technologies and a simple but effective 'waveshape compressor' to improve speech dynamic range in communication
systems. A final component of the project examined the issue of mining alerts and alarms, where significant advances in signal
design tools have been made.

Country Scientific person in charge
Partners DMT GmbH & Co KG DEUTSCHLAND Rainer RELLECKE (Pr. Coord.)
ASOCIACION PARA LA INVEST. Y EL DESAR. INDUSTRIAL DE LOS ESPANA José Luis GARCIA-SINERIZ MARTINEZ
RECURSOS NAT.
HULLERAS DEL NORTE, S.A. ESPANA Esteban Gerardo RODRIGUEZ REYERO
MINES RESCUE SERVICE LTD UNITED KINGDOM  Stuart C. BENNETT
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RFCR-CT-2003-00006

Info

State

Final Report

Final Abstract

Partners

Summaries of RFCS Projects 2003-2014

TGC1 : Coal mining operation, mine infrastructure and management, unconventional use of coal deposits

WATERCHEM

Optim. of mine water discharge by monitoring & modelling of geochemical processes & develop. of
measures to protect acquifers & active mining areas from mine water contamination

Type of Project Research Duration (months) 42
Total Budget 3421209 € Start Date 1/09/2003
EU Contribution 2052726 € End Date 28/02/2007

Project completed

The aim of the project was to improve the competitiveness of coal production by improving the quality of the mine water raised
and monitoring the substances it contains, making the cost effectiveness of different methods of dam construction calculable,
increasing the safety of mining by determining the flow paths and optimising the construction of dams between areas that are
still being worked and those that have been closed down and minimising the costs incurred for draining the mines while taking
the measures necessary for environmental protection into account. The different objectives have in general been reached. The
box model, integrating a geochemical reaction model, has proved to be a very appropriate tool in simulating mine water rebound
effects in large coal mine fields. Empirical analytical solutions can easily and for a number of applications adequately describe the
development of mine water quality after flooding. Equipment and methods for monitoring mine water flows and compositions
have been successfully tested and applied. Data transmission units have been developed as well. Several coal mine areas have
been monitored and investigated. All results led to improved quality of modelling as well as to improved parameters for mine
water management. In order to optimise mine closure and subsequent effects the results of the study have highlighted several
key points linked to rebound of both the aquifer and the mine water and the type of hydraulic connections between the aquifer
and the mine workings. The optimisation of dam construction has been achieved.

Country Scientific person in charge
DEUTSCHE STEINKOHLE A.G. DEUTSCHLAND Josef PASTOR (Pr. Coord.)
ASOCIACION PARA LA INVEST. Y EL DESAR. INDUSTRIAL DE LOS ESPANA Jesus Maria SUSO LLAMAS
RECURSOS NAT.
DMT GmbH & Co KG DEUTSCHLAND Christoph KLINGER
HULLERAS DEL NORTE, S.A. ESPANA Alfredo MENENDEZ DIAZ
MINES RESCUE SERVICE LTD UNITED KINGDOM Robert R. JOZEFOWICZ
PUBLIC POWER CORPORATION S.A. HELLAS Dimitrios DIMITRAKOPOULOS
THE UNIVERSITY OF NOTTINGHAM UNITED KINGDOM  David J. REDDISH
WHITE YOUNG GREEN ENVIRONMENTAL Ltd UNITED KINGDOM  Keith WHITWORTH
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Summaries of RFCS Projects 2003-2014

TGC1 : Coal mining operation, mine infrastructure and management, unconventional use of coal deposits

RFCR-CT-2003-00010 = SAFETECH

Optimisation of surveillance,technical equipment & procedures to prevent workers from danger
attribute to fire, hazardous or toxic gases, firedamp or climatic conditions

Info || Type of Project Research Duration (months) 42
Total Budget 3267686 € Start Date 1/09/2003
EU Contribution 1960611 € End Date 28/02/2007

State  Project completed

Final Report

Final Abstract  In underground coal mines, controlling and surveillance of firedamp or toxic gases, ventilation, climate control and early fire
indication are some of the major problems facing miners and mining companies. The aim of this project was to improve safety,
taking into account the competitiveness of coal production by: - Improving the quality of surveillance of underground ambient
air, to detect as early as possible hazardous gas concentrations and/or concealed fires. - Increasing the safety of miners and
mining by determining the flow characteristics of firedamp in the rock mass and optimising the drainage volume in high-
production rate faces. - Technical solutions to reduce the thermal strain for workers and the development of thermal risk
assessment methodology. - Developing technical methods and equipment for a permanent controlling and/or diagnosis of
sensitive electrical equipment. The research has successfully shown how mine safety can be enhanced by using optimum
methods of methane drainage, achieved for standard long wall and sub-level caving methods. Allied to this work was the
successful development and certification of equipment that can be used for surveillance in mine atmospheres containing
methane. In terms of working, emergency and rescue situations in mines subjected to high heat stress conditions, a range of
protective measures have been successfully identified. Finally, a highly sensitive system for measuring, analysing and early
detection of gases especially with respect to combustion products has been developed, which is of paramount importance due to
the continued occurrences of mine fires.

Country Scientific person in charge
Partners DEUTSCHE STEINKOHLE A.G. DEUTSCHLAND Joerg LEHMANN (Pr. Coord.)
ASOCIACION PARA LA INVEST. Y EL DESAR. INDUSTRIAL DE LOS ESPANA José Luis GARCIA-SINERIZ MARTINEZ
RECURSOS NAT.
CHARBONNAGES DE France FRANCE Jean-Luc ZIMMER
DMT GmbH & Co KG DEUTSCHLAND Jorg WALASIAK
HULLERAS DEL NORTE, S.A. ESPANA Albino GONZALEZ GARCIA
S.A. HULLERA VASCO-LEONESA ESPANA José Luis FERNANDEZ EGUIBAR
INSTITUT NATIONAL DE L'ENVIRONNEMENT INDUSTRIEL ET DES FRANCE Alain CZYZ
RISQUES
MINES RESCUE SERVICE LTD UNITED KINGDOM  Robert R. JOZEFOWICZ
THE UNIVERSITY OF NOTTINGHAM UNITED KINGDOM  lan Stuart LOWNDES
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RFCR-CT-2003-00011

Info

State

Final Report

Final Abstract

Partners

Summaries of RFCS Projects 2003-2014

TGC1 : Coal mining operation, mine infrastructure and management, unconventional use of coal deposits

GEOMOD

Geotechnical modelling, classification & exploration for safe & efficient mine layout & tunnel
support design

Type of Project Research Duration (months) 36
Total Budget 2545614 € Start Date 1/09/2003
EU Contribution 1527368 € End Date 31/08/2006

Project completed

Developments and improvements in geotechnical modelling, classification and exploration for safe and efficient mine layout and
tunnel support design were achieved through rock mass classification, rock testing, underground measurements, seismic system
development, improved numerical modelling techniques and application at field study sites. In geotechnical modelling, new
constitutive models were proposed for rock creep and stiffness properties. Further advances in rock property representation
were achieved for rock mass deformability, definition of the susceptibility of a rock to bursting failure and the strength of ground
that has failed and then been reconsolidated by grout injection. Approaches were developed to reduce the time necessary to
construct 3D models and to represent pre-tensioning of reinforcement elements and the placement of trusses in roadway
reinforcement designs. These improvements were applied within the numerical codes FLAC, FLAC3D and MAP3D. A practical rock
mass classification system was developed using data from exploratory drilling and face mapping incorporating the effects of
faulting. Using this rock mass classification and measured gate road deformations, a methodology was developed for the
prediction of roadway deformation. Tests with a 3D laser scanner showed the technology was applicable to recording roadway
deformation and geotechnical rock mass classification data although use was restricted as it was not intrinsically safe. A practical
seismic system was developed to detect geological disturbances up to 50m ahead of an advancing roadway. At the case study site
where exploratory drilling ahead of the face was undertaken the seismic results correlated well with the location of water-filled
disturbances encountered.

Country Scientific person in charge
ROCK MECHANICS TECHNOLOGY Ltd UNITED KINGDOM David Norman BIGBY (Pr. Coord.)
DMT GmbH & Co KG DEUTSCHLAND Rudiger MISIEK
DEUTSCHE STEINKOHLE A.G. DEUTSCHLAND Rudolf RENGERS
GEOCONTROL S.A. ESPANA José Miguel GALERA
THE UNIVERSITY OF NOTTINGHAM UNITED KINGDOM lan Stuart LOWNDES
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RFCR-CT-2004-00001

Info

State

Final Report

Final Abstract

Partners

Summaries of RFCS Projects 2003-2014

TGC1 : Coal mining operation, mine infrastructure and management, unconventional use of coal deposits

IAMTECH

Increasing the efficiency of roadway drivages through the application of advanced information,
automation and maintenance technologies

Type of Project Research Duration (months) 40
Total Budget 3029283 € Start Date 1/07/2004
EU Contribution 1817569 € End Date 31/10/2007

Project completed

The main goal of the IAMTECH project was increasing the efficiency of road-heading by applying advanced information,
automation and maintenance technologies. Some of its results will allow for increasing the availability of the machinery through
the decrease of both programmed maintenance time and medium time to repair. Other results are related to the adoption of
new types (in coal mining) of support considered promising from a productivity increase perspective, such as concrete spraying.
Research topics addressed in the project could be classified roughly in two groups: horizontal (underlying common technologies)
and vertical (related to the actual implementation of devices, software and systems). Among the results for horizontal activities,
those that deserve special mention are the development of an Atex 3D laser scanner, Atex WLAN (WiFi) access points, cameras
and PDA, as well as methods for storing and representing in 3D machinery components, subassemblies and complete machines.
Amid results of vertical activities is the implementation of a central maintenance control room (CMCR), in which the information
and expertise on maintenance and repairing of mining machinery is concentrated. Engineers in charge of CMCR have online
access to all machinery-related information, including direct access to manufacturers' databases. Images, voice and data flowing
from the underground, and diagrams and advice flowing from the surface are transmitted and displayed using the technologies
developed during horizontal activities. Other important results are the development of methods for assessing the quality of
execution of roadway support when using sprayed concrete for this purpose, also using technologies (such as laser scanning)
developed within the horizontal activities.

Country Scientific person in charge
ASOCIACION PARA LA INVEST. Y EL DESAR. INDUSTRIAL DE LOS ESPANA Angel RODRIGUEZ LOPEZ (Pr. Coord.)
RECURSOS NAT.
DMT GmbH & Co KG DEUTSCHLAND Martin SCHMID
INSTYTUT TECHNIKI GORNICZE) KOMAG POLAND Teodor WINKLER
MINES RESCUE SERVICE LTD UNITED KINGDOM  David BRENKLEY
RAG Aktiengesellschaft DEUTSCHLAND Uwe POLLEI
SANDVIK MINING AND CONSTRUCTION GMBH OESTERREICH Egmont LAMMER
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ADEMA

Advances in exploration methods and applications

Type of Project Research Duration (months) 36
Total Budget 3228216 € Start Date 1/07/2005
EU Contribution 1936930 € End Date 30/06/2008

Project completed

The ADEMA project comprised a programme of integrated research seeking to enhance mining exploration and planning
capability. The main topics studied were seismic processing, radio imaging, drilling parameter analysis, micro-seismic activity and
predictive analysis. Oil industry techniques have been adapted to the coal environment. 3D seismic data have been reprocessed
for inversion and modelling projects and refined for lithology classification schemes. Additionally, a new seismic inversion
method, known as ADAPS, which uses pattern recognition to extract the seismic wavelet, has been developed and applied. The
AVP inversion method has been developed enabling derivation of rock properties. Software has been developed to generate
impedance data which, when correlated with boreholes, provide a lithology indicator. Radio imaging methods have been
analysed. An extensive appraisal of electromagnetic propagation in coal seams has been completed, prototype transmitting
equipment built and the parameters of the coal seam medium measured, using several different types of equipment. Drilling
parameters have been defined from drilling equipment. They have been combined to obtain a specific energy and drilling
exponent, which can be correlated with mechanical properties of the rock mass. An increase in specific energy with the rock
quality was observed. A 64-channel, flameproof seismic observation system, incorporating new low-frequency geophones, has
been installed in a Polish coalmine. Evolutionary tomographic algorithms have allowed the construction of velocity images for the
surrounding rocks, providing a method for the location of seismic hazard zones in coalmines. A programme of cored underground
boreholes, samples and geological observations has been undertaken to validate the sedimentary model generated from the re-
processed seismic volume.

Country Scientific person in charge
UK COAL MINING LTD UNITED KINGDOM John WILSON (Pr. Coord.)
GEOCONTROL S.A. ESPANA José Miguel GALERA
GLOWNY INSTYTUT GORNICTWA POLAND Adam LURKA
HERIOT-WATT UNIVERSITY UNITED KINGDOM Brian SMART
MINES RESCUE SERVICE LTD UNITED KINGDOM David BRENKLEY
SEISMIC IMAGE PROCESSING LTD UNITED KINGDOM Beatrice McGLEN
TNO, NED ORGANISATIE VOOR TOEGEPAST NEDERLAND Henk PAGNIER

NATUURWETENSCHAPPELIJK ONDERZOEK

Radio imaging of underground structures: elimination of need for synchronisation channel. Applicant: Mines Rescue Service
Limited. Application No.:GB0620563.7. Date of Filing: 17 Oct 2006. Publication No.:GB 2443019, Publication Date: 23 April 2008

Electrodes for resistivity tomography in coal mines. Applicant/ Mines Rescue Service Limited. Application No.: GB0620860.7. Date
of Filing: 20 Oct 2006. Publication No.: GB 2443246. Publication Date: 30 April 2008

Detection of anomalies within a stratum, structure or seam. Applicant/ Heriot Watt University. Application No.: GB0802778.1.
Date of Filing: 15 Feb 2008. This application replaces GB0702831.9, which was reported earlier in the project.

Sangster A J, Lavu S, McHugh R, Westerman R. Modal Formation of Electromagnetic Fields in a Geological Stratum with Loss
Tangent Greater Than Unity, submitted to the Journal of Applied Geophysics, June 2008.

Gibson, D. Novel Cave Radio Antenna uses Small Ceramic Tiles. Published in the British Cave Research Association’s Cave Radio
and Electronics Group Journal (ISSN 1361-4800), June 2008 (CREG) 71, pp14-15).

Mutke G., Lurka A., Dubinski J. 2009: Seismic monitoring and rock burst hazard assessment in Deep Polish Coal Mines — Case
study of rock burst on April 16, 2008 in Wujek-Slask Coal Mine. Seventh International Symposium on Rockburst and Seismicity in
Mines - RASiM 7: Controlling Seismic Hazard and Sustainable Development of Deep Mines. Chun’an Tang (ed.). Vol. 2. Rinton
Press. pp. 1413-1424.
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MONSUPPORT

Development of more economical innovative support systems for gateroads under the influence of
rock stresses

Type of Project Research Duration (months) 36
Total Budget 2882817 € Start Date 1/07/2005
EU Contribution 1729690 € End Date 30/06/2008

Project completed

Based on the developments and results achieved during this project, several monitoring systems could be newly developed or
improved and ATEX certified, so that additional tools can be provided for the underground coal mining industry. The measuring
values recorded with these tools increase theinformation density of the support system considerably. By these data the
interaction of the geotechnical rock conditions and the support systems could be documented in greater detail. Especially the
remote reading online support monitoring systems increase the measuring grid density. The newlydeveloped methods,
monitoring tools and software applications and the acquired geotechnical data contribute to the understanding about the

optimisation of the support techniques.

Country Scientific person in charge
DMT GmbH & Co KG DEUTSCHLAND Stephan PETERS (Pr. Coord.)
GEOCONTROL S.A. ESPANA José Miguel GALERA
GLOWNY INSTYTUT GORNICTWA POLAND Stanislaw PRUSEK
RAG Aktiengesellschaft DEUTSCHLAND Nikolaos POLYSOS
ROCK MECHANICS TECHNOLOGY Ltd UNITED KINGDOM David Norman BIGBY
UK COAL MINING LTD UNITED KINGDOM David MOORE
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RAINOW

Researching the applications of innovative open wireless technologies

Type of Project Research Duration (months) 36
Total Budget 3275993 € Start Date 1/07/2005
EU Contribution 1965597 € End Date 30/06/2008

Project completed

By basic research the IEEE 802.15.4/Zigbee standard was identified as the key technology for a wireless sensor network (WSN)
and Bluetooth for the wireless mines rescue communication system link. Additionally, alternative power supply technologies
have been examined. Wireless sensor network equipment have been developed, like sensors, interfaces and RFID devices,
capable of operating in harsh mining environments, at underground propagation conditions and with ultra-low power
consumption. Innovative technologies such as wideband chirp transmission schemes, ultra-low power microcontrollers and
advanced networking protocols were necessary. By using standard-based interfaces, compatibility of different systems was
achieved. Several applications were developed, where the WSN equipment could demonstrate its capabilities. These were for
example temperature monitoring at belt drives, rock stress monitoring and material tracking. Additionally, a solution has been
developed to make the information of WSNs directly available on site by a wireless linked PDA. Important enhancements of
wireless technologies for personal sensor networks (PAN) were achieved. Small size wireless sensors capable of being worn by
underground personnel provide continuous monitoring of health and environmental parameters. Localisation within the mine is
possible as well. Portable devices for wireless voice communications have also been developed. Operational trials have been
carried out in several underground locations around Europe using the different developed technologies, i.e. WSN and PAN
equipment and applications. The operational capability of the systems has been proven up to different levels. Some products are
ready for marketing, for others firstly ATEX-approval or larger scale demonstration trails are intended.

Country Scientific person in charge
RAG Aktiengesellschaft DEUTSCHLAND Uwe POLLEI (Pr. Coord.)
ASOCIACION PARA LA INVEST. Y EL DESAR. INDUSTRIAL DE LOS ESPANA Jorge DEL VALLE
RECURSOS NAT.
DMT GmbH & Co KG DEUTSCHLAND Rainer RELLECKE
INSTYTUT TECHNIK INNOWACYJNYCH EMAG POLAND Przemyslaw WISZNIOWSKI
MINES RESCUE SERVICE LTD UNITED KINGDOM  David BRENKLEY
ROCK MECHANICS TECHNOLOGY Ltd UNITED KINGDOM  David Norman BIGBY
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NEMAEQ

New mechanisation and automation of longwall and drivage equipment

Type of Project Research Duration (months) 36
Total Budget 3809157 € Start Date 1/07/2006
EU Contribution 2285493 € End Date 30/06/2009

Project completed

A fully automated coal shearer was developed with load-dependent regulation and coal/rock distinction through infra red and
impact sound sensors. Collision avoidance is obtained through radar and video technologies. The development comprises
appropriate control technologies and software for sensor data processing and a reliable integration of the onboard networks into
the mine network. The efficiency of cutting drums can be improved through FLAC3D numerical modelling to simulate the process
of cutting, which can replace laboratory testing, and aid drum design. Specifically written CAD software can generate drum
lacings to reduce pick wear and vibration-caused machine downtime. For determining the cause of poorly performing drums the
software can be used as part of an iterative problem diagnosis process. A novel monitoring and visualisation system provides
analysis of longwall operations and equipment condition monitoring. Diagnostic devices developed include:e a portable thermal
imaging camera,® wireless diagnostic sensors for online monitoring of triaxial vibrations, temperatures, leak detection and water
in oil content.A maintainability and human factors assessment software package was developed that will help to avoid or
minimise practical difficulties and reveal options for maintainability improvement. A fiber optic communication system was
developed for ‘the last mile’, tolerant to the harsh underground environment. The flexible high bandwidth network provides
support to any kind of mining monitoring and control system. It includes interfaces to integrate both new devices and legacy
equipment. A dedicated software tool was developed for easy management of the network.

Country Scientific person in charge
RAG Aktiengesellschaft DEUTSCHLAND Hans-Joachim KUBIK (Pr. Coord.)
ASOCIACION PARA LA INVEST. Y EL DESAR. INDUSTRIAL DE LOS ESPANA Jorge DEL VALLE
RECURSOS NAT.
INSTYTUT TECHNIK INNOWACYIJNYCH EMAG POLAND Przemyslaw WISZNIOWSKI
EMBIGENCE GMBH DEUTSCHLAND Christoph MULLER
INSTYTUT TECHNIKI GORNICZEJ KOMAG POLAND Dariusz JASIULEK
MINES RESCUE SERVICE LTD UNITED KINGDOM Colin TALBOT
ROCK MECHANICS TECHNOLOGY Ltd UNITED KINGDOM Lorraine KENT
TECHNISCHE UNIVERSITAET CLAUSTHAL DEUTSCHLAND Axel WEISSENBORN
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PROSAFECOAL

Increased productivity and safety of European coalmines by advanced techniques and planning tools
enabling an improved strata control of the face-roadway junction

Type of Project Research Duration (months) 36
Total Budget 3293615 € Start Date 1/07/2007
EU Contribution 1976170 € End Date 30/06/2010

Project completed

By reviews and examinations, basic data on current face end support design practices, experiences with cable-bolting, 2D-
modelling and mine layouts were compiled and evaluated. They vary widely across Europe. A wide range of improved and new
support systems were tested and the results incorporated into the NIOSH STOP programme and a handbook. A triaxial test cell
for a new cable bolt testing bench was built and used. Geotechnical investigations were carried out, such as load and stress
measurements, surveys of geological and geotechnical characteristics (especially joints and fractures) and gob reconsolidation,
over a wide range of European mines. Interactions were evaluated (geology, joints systems and properties, seam structure,
excavation methods, support design), methodologies developed concerning gob reconsolidation and support under caving gobs,
and a shear test apparatus was built and used. Through these results, novel numerical 3D-modelling tools (FLAC-3D) for support
elements and mine layouts’ inclusive face-roadway junctions could be developed, calibrated, applied and validated. This complex
and highly automated model is universally applicable for all roadway types usual in Europe and for a large number of support
elements. Due to short modelling and calculation times, it is now possible to use 3D-modelling as a standard feature for
underground mine planning. A logical tree was developed in which improved support management systems from German, Polish
and British coal mine types were integrated. This could enable users to define a methodology tailored to the actual conditions of
a mine. Improved support design and management was developed and successfully tested, including at multi-slice longwall
extraction.

Country Scientific person in charge
RAG Aktiengesellschaft DEUTSCHLAND Frank LUTTIG (Pr. Coord.)
ASS. POUR LA RECHERCHE ET LE DEV. DES METHODES ET PROC. FRANCE Faouzi HADJ HASSEN
IND., ARMINES
DMT GmbH & Co KG DEUTSCHLAND Andreas K.M. HUCKE
GEOCONTROL S.A. ESPANA Agustin MUNOZ NIHARRA
GLOWNY INSTYTUT GORNICTWA POLAND Stanislaw PRUSEK
GOLDER ASSOCIATES (UK) Ltd UNITED KINGDOM  David Norman BIGBY
KOMPANIA WEGLOWA S.A. POLAND Janusz IMIELA
ROCK MECHANICS TECHNOLOGY Ltd UNITED KINGDOM  Lorraine KENT
UK COAL MINING LTD UNITED KINGDOM  David MOORE

Studeny A., Scior C..: Advanced numerical solutions for strata control in mining. Mining Reporter 3-2009

Bock S., Prusek S., Masny W. (2010): Calculation with the help of numerical modeling of the load of roadway workings localized
under goafs (in Polish). Ill Second Scientific-Training Conference ,,Problems of Contemporary Mining”, Scientific Works of GIG,
Quarterly Mining and Environment, No 1/1/2010, p. 17-28.

Blanco Martin. L., M. Tijani, and F. Hadj-Hassen. 2010. A New Analytical Solution to the Mechanical Behaviour of Fully Grouted
Rockbolts Subjected to Pull-out Tests. Construction and Building Materials. 25: 749-755

Bowler J., Robinson G., Altounyan P. “Rib support innovation at Daw Mill colliery.” 28th Int. Conf. Ground Control in Mining.
Morgantown 2009.

Prusek S., Bock S., Masny W. (2009): New method of assessment of the reconsolidation degree of caving debris from the aspect
of support selection of roadway workings (in Polish). Il Second Scientific-Training Conference ,,Problems of Contemporary
Mining”, Scientific Works of GIG, Quarterly Mining and Environment, No 2/1/2009, p. 203-210,
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ADRIS

Advanced drivage and roadheading intelligent systems

Type of Project Research Duration (months) 36
Total Budget 3612890 € Start Date 1/07/2007
EU Contribution 2167734 € End Date 30/06/2010

Project completed

http://www.aitemin.es/adris/

ADRIS was a three year research project whose main target was to develop technologies to increase the efficiency of the
preparatory works needed to open new exploitation areas in underground coal mines. The project was intended to identify the
main automation needs for coal mining roadheading process in both horizontal and vertical seam mines. For horizontal seams,
the development of these technologies involved the fully automation of roadheaders, which included the development of
automated cutting simulation software using gathered information from real operational procedures, the analysis and simulation
of path planning algorithms, strategies for self adaptation to geological conditions and the real time detection of the coal/rock
interface using laser scanners. For vertical seams, the need for the implementation of an automated roof support installation
system and the development of a cutting process avoiding drilling and blasting generated the design and development of a newly
designed multi tool arm manipulator. Additionally the study of some blue skies technologies were included inside the scope of
the project like the design of roof support and cutting sequences using geological simulation tools, a thorough study of New Rock
Fragmentation Technologies (NRFT) using electrofracture mechanisms or a self advancing support system.

Country Scientific person in charge
ASOCIACION PARA LA INVEST. Y EL DESAR. INDUSTRIAL DE LOS ESPANA Samir NABULSI (Pr. Coord.)
RECURSOS NAT.
DMT GmbH & Co KG DEUTSCHLAND Dietmar PLUM
GOLDER ASSOCIATES (UK) Ltd UNITED KINGDOM David Norman BIGBY
HULLERAS DEL NORTE, S.A. ESPANA César CORDERO ESCOSURA
INSTYTUT TECHNIKI GORNICZEJ KOMAG POLAND Dariusz PROSTANSKI
MINES RESCUE SERVICE LTD UNITED KINGDOM John FORD
RAG Aktiengesellschaft DEUTSCHLAND Peter ACHILLES
ROCK MECHANICS TECHNOLOGY Ltd UNITED KINGDOM Lorraine KENT
TALLERES ZITRON SA ESPANA Roberto ARIAS
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MINTOS

Improving mining transport reliability

Type of Project Research Duration (months) 36
Total Budget 2413736 € Start Date 1/07/2007
EU Contribution 1448242 € End Date 30/06/2010

Project completed

The project addresses improvements to mine transport management, safety and health. Fuel cells have the potential to provide
clean efficient power underground, but significant further development is required before they meet the safety and power
requirements of coal mine transport systems. However, a range of alternative fuel cell applications were identified. Bio-fuels
could be used as blends in underground diesel engines to reduce exhaust particulates. Alternatively, wet scrubbing of the exhaust
using water mists will also reduce particulates. Advanced wireless sensors and software were developed to form an improved
system for underground vehicle transport logistics and diagnostics. The incorporation of novel data transmission and distributed
sensor power supply systems provides a highperformance, low-cost wireless monitoring system. A scheme of an automatic fire
alarm system for vehicle operators was devised, which can be expanded to other safety monitoring systems. A novel onboard fire
fighting system, which can be periodically tested and still maintain its operational capability, was designed and a fully functional
operational prototype produced. A comprehensive joint open access WEB-based platform was developed for use by transport
system designers and specialists in transport health and safety. A prototype augmented reality system was developed to enable
operational mine staff to radically improve logistics management and maintenance. Whole body vibration levels encountered by
vehicle operators exceed legal limits in many cases due to the impulsive nature of the vibration. A database of transportrelated
vibration exposure profiles was produced and recommended minimum vibration measurement times derived.

Country Scientific person in charge
MINES RESCUE SERVICE LTD UNITED KINGDOM  Stuart C. BENNETT (Pr. Coord.)
ASOCIACION PARA LA INVEST. Y EL DESAR. INDUSTRIAL DE LOS ESPANA Pedro MORILLO
RECURSOS NAT.
INSTYTUT TECHNIK INNOWACYIJNYCH EMAG POLAND Przemyslaw WISZNIOWSKI
GLOWNY INSTYTUT GORNICTWA POLAND Stanislaw PRUSEK
INSTYTUT TECHNIKI GORNICZEJ KOMAG POLAND Teodor WINKLER
KOMPANIA WEGLOWA S.A. POLAND Andrzej PAKURA
RITTAL GMBH & CO KG DEUTSCHLAND Martin ROSSMANN

Winkler T., Dudek M., Chuchnowski W., Tokarczyk J.: Internet tools supporting planning of underground mining transport. Aachen
International Mining Symposia. Mineral Resources and Mine Development. RWTH Aachen, 26th and 27th May 2010.

Wiszniowski, Przemyslaw. ‘WLSS Bezprzewodowy System Wspierania Logistyki dla Transportu Podziemnego’ conference
,Innowacyjne Maszyny i Technologie — Bezpieczenstwo” Szczyrk 2011.

Madera, J., Morillo, P. Riesgo por Vibraciones en la Industria Extractiva: Situacion del Sector Respecto a las Exigencias Legales.
Published in scientific journal “Canteras y Explotaciones”. N2 498, pp. 21-25. July 2008.
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PRESIDENCE

Prediction and monitoring of subsidence hazards above coal mines

Type of Project Research Duration (months) 36
Total Budget 4366865 € Start Date 1/07/2007
EU Contribution 2620118 € End Date 30/06/2010

Project completed

"Mining subsidence engineering is one of the most important topics in relation to coal mining. Although its occurrence,
prediction and control are well known, this project will apply various innovative techniques to an old problem (photogrammetry,
InSAR, GPS, seismic tools, SFS). Geology is a major factor in surface subsidence. Empirical predictions are inaccurate where
experience is lacking and geology unusual. Geomechanical subsidence modelling can account for geology but requires anisotropic
solutions to reproduce subsidence profiles. Four items have been developed in relation to the prediction of subsidence caused by
underground infrastructures: two in relation to shafts (telemetry and instrumentation for fill stability, and the laser-scanner
techniques for surveys); another in relation to a survey methodology using numerical modelling for infrastructure roadway, and
the last one in relation to the effect of mine water on concrete and other materials. A 4D database, called GeoMond-DB has been
developed to manage subsidence hazards on the surface, working with data from Germany, Poland and Spain. A methodology
based on geomechanical models to establish a prevision of surface and subsidence was carried out and validated. Specially, the
consistency of FLAC 3D was checked to evaluate subsidence and the tensile strain on the surface. In conclusion, the techniques
employed in this research represent a significant advance on the current situation in forecasting and control of subsidence.
Therefore, although some of the investigated techniques must still be refined, it can be said that the results of this research
project will have a positive effect in the monitoring of the subsidence in the coal basins of the EU and some outcomes, such as
the technique of monitoring the movements of the ground with a GPS and vibrating sensors, could be exported outside the EU."

Country Scientific person in charge
GEOCONTROL S.A. ESPANA Carlos HERRERO GARCIA (Pr. Coord.)
ASOCIACION PARA LA INVEST. Y EL DESAR. INDUSTRIAL DE LOS ESPANA Juan Carlos CATALINA
RECURSOS NAT.
ASS. POUR LA RECHERCHE ET LE DEV. DES METHODES ET PROC. FRANCE Faouzi HADJ HASSEN
IND., ARMINES
DMT GmbH & Co KG DEUTSCHLAND Rainer KUCHENBECKER
INSTYTUT TECHNIK INNOWACYIJNYCH EMAG POLAND Jacek JUZWA
GOLDER ASSOCIATES (UK) Ltd UNITED KINGDOM David Norman BIGBY
MINES RESCUE SERVICE LTD UNITED KINGDOM Robert R. JOZEFOWICZ
RAG Aktiengesellschaft DEUTSCHLAND Volker SPRECKELS
ROCK MECHANICS TECHNOLOGY Ltd UNITED KINGDOM Lorraine KENT
UK COAL MINING LTD UNITED KINGDOM David MOORE

Kamphans, K., Walter, D., Hannemann, W., Busch, W., Spreckels, V., Vosen, P. GIS-Einsatz im Monitoring bergbaubedingter
Oberflaechenbewegungen.In: Angewandte Geoinformatik 2008. Beitraege zum 20. AGIT-Symposium Salzburg, Oesterreich, 02.-
04.07.2008 . Hrsg.: J. Strobl, Th. Blaschke, G. Griesebner. H. Wichmann Verlag, Heidelberg. pp 572 - 577.

Spreckels V., Walter D., Wegmueller U., Deutschmann J., Busch, W. Nutzung der Radarinterferometrie im Steinkohlenbergbau.In:
Allgemeine Vermessungs-Nachrichten, AVN 7/2008, Wichmann Verlag, Heidelberg, ISSN 0002-5968. pp. 253 - 261.

"Presentation at the annual seminars 2008 (November 6th) and contribution to the annual report of Gisos http//www.gisos.org
on ""Surface movements after closing and flooding coal mines"" , in French"

"Presentation at the annual seminars 2009 (November 10th) and contribution to the annual report of Gisos http//www.gisos.org
on ""Surface movements after closing and flooding coal mines"" , in French (progress of the work)"

J.C. Catalina. Prototype of a new remote monitoring system (photogrammetry-theodolite). Deliverable 2.1

VIPLEF implantation in the finite element code of a new constitutive law describing anisotropic creep and swelling of schistose
rocks without and under (constitutive model developed during the project). URL:http://www.geosciences.mines-
paristech.fr/fr/recherche/bibliotheque-de-logiciels/viplef/view
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IMPREX

Improved extraction ratios for deep coal mines

Type of Project Research Duration (months) 36
Total Budget 2399428 € Start Date 1/07/2008
EU Contribution 1439656 € End Date 30/06/2011

Project completed

The objective of this Project is to research, identify and develop practical means by which coal recovery ratios in European deep
mines can be improved significantly in a safe and efficient manner. Currently, large volumes of valuable coal are being left in-situ
and effectively sterilised, against a background of dwindling indigenous reserves, rising energy prices and increasing dependency
upon imported energy. This situation has become exacerbated by the adoption of highly cost efficient retreat longwalling as the
main means of coal recovery in European deep coal mines, which has produced enormous improvements in productivity, but has
had detrimental consequences on extraction ratios. It is therefore necessary to devise means of efficiently extracting significant
tonnages of the extensive areas of coal which are left around and between longwalls and in old shaft pillars and of improving the
deep mined coal industry’s ability to maximise its extraction of the reserves of thick coal seams, large tonnages of which are
currently abandoned in the goaf.

Country Scientific person in charge
GOLDER ASSOCIATES (UK) Ltd UNITED KINGDOM  David Norman BIGBY (Pr. Coord.)
DMT GmbH & Co KG DEUTSCHLAND Juergen te KOOK
GLOWNY INSTYTUT GORNICTWA POLAND Stanislaw PRUSEK
KATOWICKI HOLDING WEGLOWY S.A. POLAND Janusz CZARNECKI
ROCK MECHANICS TECHNOLOGY Ltd UNITED KINGDOM  David Norman BIGBY
TECHNISCHE UNIVERSITAET CLAUSTHAL DEUTSCHLAND Elisabeth CLAUSEN
UK COAL MINING LTD UNITED KINGDOM  David MOORE
THE UNIVERSITY OF NOTTINGHAM UNITED KINGDOM  Rodney STACE
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EDAFFIC

Early detection and fighting of fires in belt conveyors

Type of Project Research Duration (months) 36
Total Budget 2204019 € Start Date 1/07/2008
EU Contribution 1322412 € End Date 30/06/2011

Project completed

http://www.aitemin.es/edaffic/

Edaffic was a 3-year research project, the main target of which was minimising the risk of initiation and spreading of conveyor
belt fires, acting on all control points of the fire ignition and propagation process. The fundamental mechanisms behind the
initiation and propagation of conveyor belt fires were established. The characterisation of the combustion process (including an
estimation of fire load and characteristics of combustion products), the evaluation of the effect of these combustion products on
persons (including workers and local population) as well as the impact on the environment allowed the manufacturers of
conveyor belts to use the results to reduce development costs. The results obtained from the tests showed that the belts with

the current material composition will seriously pollute the environment in case of fire.

Country
ASOCIACION PARA LA INVEST. Y EL DESAR. INDUSTRIAL DE LOS ESPANA
RECURSOS NAT.
CENTRUM BADAN | DOZORU GORNICTWA PODZIEMNEGO SP POLAND
2.0.0.
DMT GmbH & Co KG DEUTSCHLAND
INSTYTUT TECHNIK INNOWACYINYCH EMAG POLAND
HULLERAS DEL NORTE, S.A. ESPANA
MINES RESCUE SERVICE LTD UNITED KINGDOM
UK COAL MINING LTD UNITED KINGDOM
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Angel RODRIGUEZ LOPEZ (Pr. Coord.)
Malgorzata RYSZKA

Heinrich PETERSMANN
Wiladyslaw MIRONOWICZ
César CORDERO ESCOSURA
John FORD

Stewart JOBLING
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EMTECH

Mine emergency support technologies

Type of Project Research Duration (months) 36
Total Budget 3665712 € Start Date 1/07/2008
EU Contribution 2199428 € End Date 30/06/2011

Project completed

"The major objectives of this project have been to provide a resilient network infrastructure which meets the dual requirements
of operational day-to-day and emergency management needs, together with researching and introducing a range of new support
technologies for mine evacuation and rescue. The research consortium involved three EU coal operators, two mine rescue
services and five research institutes/manufacturers. The project was highly application focused and a number of innovations and
prototypes have been produced; including resilient networked communications, emergency refuges, evacuation modelling tools,
and evacuation support technologies together with knowledge on their application. It is considered that there are excellent
prospects for a successful technology transfer process and subsequent take-up of the research outputs by industry."

Country Scientific person in charge
MINES RESCUE SERVICE LTD UNITED KINGDOM David BRENKLEY (Pr. Coord.)
ASOCIACION PARA LA INVEST. Y EL DESAR. INDUSTRIAL DE LOS ESPANA Pedro MORILLO
RECURSOS NAT.
CENTRALNA STACJA RATOWNICTWA GORNICZEGO SA POLAND Miroslaw BAGINSKI
DMT GmbH & Co KG DEUTSCHLAND Rainer RELLECKE
INSTYTUT TECHNIK INNOWACYJNYCH EMAG POLAND Wladyslaw MIRONOWICZ
EMBIGENCE GMBH DEUTSCHLAND Christoph MULLER
GEOCONTROL S.A. ESPANA Fernando PORTUGUES SALGADO
HULLERAS DEL NORTE, S.A. ESPANA Juan José FERNANDEZ DIAZ
MINETRONICS GMBH DEUTSCHLAND Christoph MULLER
RAG Aktiengesellschaft DEUTSCHLAND Ulrich KIMMIT
UK COAL MINING LTD UNITED KINGDOM  Stewart JOBLING
Miller C, Kommunikationsnetzwerk und Verfahren zur sicherheitsgerichteten Kommunikation in Tunnel- und

Bergwerksstrukturen, Patent application PCT/EP 2010/056825, Ladbergen: MineTronics GmbH, 2010

Miller C, Noack A, Szekely | (2010) Ethernet communication for detection of emergency locations and dynamic evacuation in
underground infrastructures, Proceedings of IEEE 12th International Conference on Optimisation of Electrical and Electronic
Equipment (OPTIM), 20-22 May 2010, Uni. of Transylvania, Brasov, Romania

Miiller C, Noack A (2011) Network-based communication for mine and tunnel constructions, 17th Colloquium “Bohr- und
Sprengtechnik”, 21-22 January 2011, Clausthal, Germany

Miiller C, Noack A (2011) Safety support functions for underground network communications, In Proceedings 35th Application of
Computers and Operations Research in the Minerals Industry Symposium (APCOM 2011), 27-29 September 2011, Wollongong,
Australia

Miiller C, Szekely | (2012) Emergency switching and network functions for enhanced safety in underground networks, In
Proceedings 11th International Conference on Development and Application Systems, Suceava 2012, University of Suceava,
Suceava, Romania

Wiszniowski P and Babecki D (2010), Nowoczesne technologie wspieraj_ce prowadzenie akcji ratowniczych (tranls.: New
emergency support technologies), Industry seminar hosted by EMAG Scientific & Industrial Centre, 23 November 2010, Katowice,
Poland
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COALSWAD

Investigation of adsorption and swelling behaviour of coal to determine the feasibility of CO2
sequestration and CH4 production enhancement

Type of Project Research Duration (months) 36
Total Budget 1764112 € Start Date 1/07/2008
EU Contribution 1058467 € End Date 30/06/2011

Project completed

http://www.coalswad.eu, http://www.coalswad.de

In Coalswad, Czech, Spanish and German coal samples were examined concerning their adsorption and swelling behaviour. It is
seen that the origin of coal has no influence on the adsorption properties. Only the rank is an important parameter. The
adsorption of different adsorptives was examined. For all samples, a strong enrichment of the molar fraction of CO2 in the
adsorbed phase was observed. In the investigated pressure range no methane excess isotherms show maxima, whereas CO2
excess isotherms show maxima. These maxima are caused by buoyancy effects during the experiments. To obtain absolute data,
respective corrections were implemented. Furthermore the influence of structural changes during sorption has to be considered.
Structural changes due to coal swelling were investigated by NMR and SAXS measurements. The NMR results concerning rank are
consistent with our results of proximate and petrographic analysis. Comparison of untreated and treated (CO2 sorption) coal
does not indicate changes at a molecular level. SAXS investigations showed that sorption effects are minor in the micropore
region and highest in the mesopore region. Pressure-scanning experiments between 1 and 50 bar showed some minor and
reversible changes at microand mesopore length scale. Both methods underline the elastic reaction of coal on CO2 sorption in
the investigated pressure range. We have shown that CO2 sequestration in coal is feasible even if CO2 is injected in diluted form.
As the adsorption affinity of coal towards CO2 is much greater than towards CH4, the injection of CO2 can be used for an
increased recovery of CH4.

Country Scientific person in charge
FRAUNHOFER GESELLSCHAFT ZUR FOERDERUNG DER DEUTSCHLAND Eva SCHIEFERSTEIN (Pr. Coord.)
ANGEWANDTEN FORSCHUNG e.V.
DMT GmbH & Co KG DEUTSCHLAND Ralph SCHLUTER
GREEN GAS DPB a.s. CZECH REPUBLIC Petr HEMZA
INSTITUT FUR NICHTKLASSISCHE CHEMIE e.V. DEUTSCHLAND Reiner STAUDT
OSTERREICHISCHE AKADEMIE DER WISSENSCHAFTEN OESTERREICH Peter LAGGNER
UNIVERSITEIT LEIDEN NEDERLAND Jorg MATYSIK

P. Hemza, E. Schieferstein. Report on sample characterisation. COALSWAD deliverable-3. http://www.coalswad.eu

R. Staudt. Gravimetric and Volumetric Measurements of Adsorption equilibria of pure gases and binary and multicomponent
mixtures on different Coals. COALSWAD project deliverable -4. URL http://www.coalswad.eu

Manfred Kriechbaum, Maria Schmuck, Peter Laggner. Investigation of Swelling Behavior (SAXS Method). COALSWAD project
deliverable-5. URL http://www.coalswad.eu

Fu Chen, Bela Bode, Ben Anger and Jorg Matysik. NMR Investigations of CO2 Sorption in European Coals. COALSWAD project
deliverable-6. URL http://www.coalswad.eu

E. Schieferstein. Report on determined fractal parameters, proceeding adsorption mechanisms and calculated CO2 adsorption
isotherms. COALSWAD project deliverable-7. URL http://www.coalswad.eu
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FLOMINET

Flooding management for underground coal mines considering regional mining networks

Type of Project Research Duration (months) 36
Total Budget 1925484 € Start Date 1/07/2008
EU Contribution 1155291 € End Date 30/06/2011

Project completed

The Boxmodel has been enhanced for innovative processes like coupled gaswater flow, energy production, turbulent flow and
heat transport. Coupling of mine water and surface water models allows now for examination of closed water balances. All site
models have been supplied with the required functionalities. The model calculations have been used for prognosis calculations
and planning. An Optimisation software tool has been developed and the programming includes data exchange with the site-
Boxmodels. Therefore the impact of strategic options of mine water management on costs and environment can be better
predicted an evaluated. It has to be highlighted the realisation of the geothermal pilot project by the Spanish partners. This
activity adds a new example for use of mine water for production of renewable energy in Europe. Feasibility checks show
however that in spite of general cost benefits of the recoverable mine-related energy sources site specific development costs
might compensate the cost advantage. Model calculations for hydrothermal energy use have proved the importance of correct
design of the hydrothermal regime for stable temperature conditions. The laboratory experiments on gas sorption on coal have
provided coal specific data which can be used for gas transport calculation in the flooded mine now. The gas transport model has
been developed for small scale realistic settings and is under preparation for a larger scale. Therefore two models describing the
gas history starting with active mining, flooding up to the after flooding phase are available now.

Country Scientific person in charge
DMT GmbH & Co KG DEUTSCHLAND Christoph KLINGER (Pr. Coord.)
ASOCIACION PARA LA INVEST. Y EL DESAR. INDUSTRIAL DE LOS ESPANA Jesus Maria SUSO LLAMAS
RECURSOS NAT.
GLOWNY INSTYTUT GORNICTWA POLAND Grzegorz GZYL
HULLERAS DEL NORTE, S.A. ESPANA Maria Belén GARZON SUCAR
INSTITUT NATIONAL DE L'ENVIRONNEMENT INDUSTRIEL ET DES FRANCE Arnaud CHARMOILLE
RISQUES

KLINGER, C., CHARMOILLE, A., BUENO. J., GZYL, G., GARZON SUCAR, B. (2010): Strategies for follow-up care and utilisation of
closing and flooding in European hard coal mining areas.- In: Hoppe, A., Rohling, H.-G., Schiith, C. (eds.): GeoDarmstadt2010 —
Geowissenschaften sichern Zukunft, SDGG (Schriftenreihe der Deutschen Gesellschaft fir Geowissenschaften), 68, S. 316 — 317,
Stuttgart, Schweizerbart, ISBN 978-3-510-49219-0

KLINGER, C., CHARMOILLE, A., BUENO. J., GZYL, G., GARZON SUCAR, B. (2012): Strategies for follow-up care and utilisation of
closing and flooding in European hard coal mining areas.- International Journal of Coal Geology, 89, Special Issue European Coal
Conference 2010, 51 — 61, ISSN 0166-5162, DOI:10.1016/j.coal.2011.11.008.

LE GAL, N., LAGNEAU, V., CHARMOILLE, A. (2010): Mechanisms of gas migration in flooding post-mining context. — In:
Wolkersdorfer, Ch. & Freund, A.: Mine Water & Innovative Thinking. — p.483 — 487. Sydney, Nova Scotia (CBU Press),
http://www.imwa.info/docs/imwa_2010/IMWA2010_LeGal_440.pdf

LE GAL N., LAGNEAU V., CHARMOILLE A. (2012): Experimental characterization of CH4 release from coal at high hydrostatic
pressure. - International Journal of Coal Geology, 96-97, pp. 82 — 92, DOI : 10.1016/j.coal.2012.04.001.

LE GAL, N. (2012): Libération et migration du méthane depuis le charbon dans un contexte hydrogéologique post-minier
Développement d’un protocole expérimental et approche numérique. - PhD, Ecole supérieur des mines de Paris,
http://pastel.archives-ouvertes.fr/docs/00/73/46/86/PDF/2012ENMP0021.pdf

Boxmodel The “Boxmodel” is a 3D finite volume program for modelling flow of groundwater and mine water, heat transport and
multi-component mass transport with chemical reactions. A special feature is the highly flexible discretisation to model
geological structures such as layers and faults as well as structural mining elements and mine excavations. www.dmt.de
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CARBOLAB

Improving the knowledge of carbon storage and coal bed methane production by "in situ"

underground tests

Type of Project Research Duration (months)
Total Budget 4122752 € Start Date
EU Contribution 2473652 € End Date

Project completed, final report not published yet

http://www.carbolab.eu/default.aspx

The proposal aims to improve the practical knowledge of the physical and chemical

1/07/2009
31/12/2013

processes involved in the Enhanced Coal Bed Methane (ECBM) technique, by means of a series of “in situ” tests of CO2 injection
and CBM production, in a specially conditioned test area in a underground coal mine, in order to obtain high-quality data for:

- Development of improved models that simulate the mechanical, physical and chemical behaviour of coal and gases,

- Identification and sizing of the physical parameters to be monitored during and after the injection experiments.

- Long term risk assessment of the CO2 storage

Country
HULLERAS DEL NORTE, S.A. ESPANA

ASOCIACION PARA LA INVEST. Y EL DESAR. INDUSTRIAL DE LOS ESPANA
RECURSOS NAT.

BRGM FRANCE
GLOWNY INSTYTUT GORNICTWA POLAND

INSTITUT NATIONAL DE L'ENVIRONNEMENT INDUSTRIEL ET DES FRANCE
RISQUES
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Noel CANTO TOIMIL (Pr. Coord.)
José Luis GARCIA-SINERIZ MARTINEZ

Isabelle CZERNICHOWSKI-LAURIOL
Jacek SKIBA
Zbigniew POKRYSZKA
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EMIMSAR

Enhanced miner-information interaction to improve maintenance and safety with augmented reality
technologies and new sensors

Type of Project Research Duration (months) 36
Total Budget 3347542 € Start Date 1/07/2009
EU Contribution 2008526 € End Date 30/06/2012

Project completed

Emimsar was a research project whose main objective was to facilitate the work and to improve the safety of underground
miners by providing them with enhanced means to access essential computer-stored information when and where they need it
most. The technology selected to ease this interaction is called ‘Augmented Reality’, and consists of the visual superimposition of
computer-generated data or images of virtual objects over images of the real scene viewed by the user. Additionally, the project
has developed a condition-oriented preventive maintenance based on novel sensors on heavy duty gears of conveyors and
ploughs and on drive systems with high performance chains and sprockets in AFC and plough systems, implementing an online
monitoring system that provides valuable indicators of machine condition at the operational and control centre. Suitable radio-
based positioning technologies were identified and evaluated to act as navigational aids in underground mines, and prototype
systems were constructed. Equipment for local tracking and identification was also developed, making use of display systems and
augmented-reality goggles developed within the project. A data acquisition system for plough and AFC drives was developed and
put into operation. A pick force sensor for road header cutter heads has been built, tested in a coal mine and patented.
Resources of KBMS dealing with the support of processes of mining machine’s maintenance were developed. A diversity of
software has been developed for positioning and navigation aids, for AR tools providing assistance in maintenance, repair and
operator training activities, and for many other tasks

Country Scientific person in charge
ASOCIACION PARA LA INVEST. Y EL DESAR. INDUSTRIAL DE LOS ESPANA Juan Carlos CATALINA (Pr. Coord.)
RECURSOS NAT.
DMT GmbH & Co KG DEUTSCHLAND Dietmar PLUM
INSTYTUT TECHNIK INNOWACYJNYCH EMAG POLAND Przemyslaw WISZNIOWSKI
INSTYTUT TECHNIKI GORNICZEJ KOMAG POLAND Teodor WINKLER
MINES RESCUE SERVICE LTD UNITED KINGDOM David GIBSON
RAG Aktiengesellschaft DEUTSCHLAND Johannes QUINKENSTEIN
RITTAL GMBH & CO KG DEUTSCHLAND Martin ROSSMANN
SANDVIK MINING AND CONSTRUCTION GMBH OESTERREICH Egmont LAMMER

"Patent application: on April 23, 2013, Sandvik Mining and Construction was granted patent application ""Anordnung zum
Erfassen der Belastung eines Meissels von Schrammaschinen"" in Austria, with number A 454/2010, AT 509644"

M.D. Bedford and G.A. Kennedy. Evaluation of ZigBee (IEEE 802.15.4) Time-of-Flight-Based Distance Measurement for Application
in Emergency Underground Navigation. IEEE Transactions on Antennas and Propagation, Volume 60, Issue 5, pages 2502-2510
(2012). DOI: 10.1109/TAP.2012.2189731

P. Wojtas and P. Wiszniowski. GPS-less Positioning, Tracking and Navigation Services for Underground Mining Applications.
Proceedings of the 5th WSEAS International Conference on Sensors and Signals (SENSIG'12) Sliema, Malta, September 7-9, 2012.
URL: http://www.wseas.us/e-library/conferences/2012/Sliema/SENVIS/SENVIS-22.pdf
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GEOSOFT

Geomechanics and control of soft mine floors and sides

Type of Project Research Duration (months) 36
Total Budget 3269320 € Start Date 1/07/2010
EU Contribution 1961593 € End Date 30/06/2013

Project completed, final report not published yet

European collieries suffer from severe floor and side deformation due to depth, tectonic stress and the soft strata around the
seams, which are vulnerable to degradation over time, particularly when wet. This has major economic and safety implications
for the industry. The project will develop and apply improved means of measuring, representing and analysing this behaviour and
its interaction with mine support, both in the laboratory and in the field. Its objectives are to improve our understanding of the
phenomena and develop enhanced design and construction solutions utilising stress control, sprayed linings, improved cuttable
reinforcement and/or closed support structural sections.

Country Scientific person in charge
GOLDER ASSOCIATES (UK) Ltd UNITED KINGDOM  Lorraine KENT (Pr. Coord.)
BECKER-WARKOP Sp. Z.0.0. POLAND Leszek ZYREK
GEOCONTROL S.A. ESPANA Mario FERNANDEZ PEREZ
GLOWNY INSTYTUT GORNICTWA POLAND Sylwester RAJWA
POLUDNIOWY KONCERN WEGLOWY SA POLAND Wojciech KAMINSKI
UK COAL MINING LTD UNITED KINGDOM  David MOORE
THE UNIVERSITY OF NOTTINGHAM UNITED KINGDOM  Rodney STACE
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COGASOUT

Development of novel technologies for predicting and combating gas outbursts and uncontrolled
emissions in thick seam coal mining

Type of Project Research Duration (months) 36
Total Budget 3641260 € Start Date 1/07/2010
EU Contribution 2184756 € End Date 30/06/2013

Project completed, final report not published yet

The objective of this project is to develop and test novel technologies for the prediction and combating of gas outbursts and
uncontrollable gas emissions in coal mines which operate in thick and/or steeply dipping thick seams. This in turn will significantly
enhance the potential to recover thick seam reserves within the EU. The objectives will be achieved through a programme of
field experimentation, monitoring and theoretical development combined with numerical simulation methods. Coal mine Velenje
and Hullera Vasco-Leonesa will host fieldwork and research will lead to the development of a risk assessment methodology
which can be implemented worldwide.

Country Scientific person in charge
IMPERIAL COLLEGE OF SCIENCE, TECHNOLOGY AND MEDICINE UNITED KINGDOM  Sevket DURUCAN (Pr. Coord.)
ASOCIACION PARA LA INVEST. Y EL DESAR. INDUSTRIAL DE LOS ESPANA Pedro MORILLO
RECURSOS NAT.
PREMOGOVNIK VELENIJE, d.d. SLOVENUA Simon ZAVSEK
DMT GmbH & Co KG DEUTSCHLAND Joachim BRANDT
GLOWNY INSTYTUT GORNICTWA POLAND Adam LURKA
HORNONITRIANSKE BANE PRIEVIDZA A.S. SLOVAKIA Stanislav PAULIK
S.A. HULLERA VASCO-LEONESA ESPANA Concepcion CASADO SULE
K-UTEC AG SALT TECHNOLOGIES DEUTSCHLAND Volkmar SCHMIDT
MINES RESCUE SERVICE LTD UNITED KINGDOM Stuart C. BENNETT
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UCG & CO2 STORAGE

Study of deep underground coal gasification and the permanent storage of CO? in the affected areas

Type of Project Research Duration (months) 30
Total Budget 3067971 € Start Date 1/07/2010
EU Contribution 1840783 € End Date 31/12/2012

Project completed

WWW.Ucg-co2.eu

This Final Report is an assessment of the entire UCG&CO2 STORAGE project (the project). It describes the scientific and technical
work during the 2.5-year study, the objectives under the grant agreement and results obtained during the period 1 July 2010 to
31 December 2012. The main subject of the Project was to evaluate the potential of deep lying coal seams (>1200m) for the
development of UCG and subsequent storage of CO2 in the affected areas by using the same boreholes with technical
modifications for CO2 injection. The key objectives were to investigate the factors determining the technical suitability and
environmental, and economic feasibility of the scheme, and demonstrate that the deep lying coal fields of the target area - the
Bulgarian Dobrudzha Coal Deposit (DCD), and elsewhere, have the potential for deep UCG and are suitable for both energy
production and CO2 storage, using the same drilling infrastructure. State-of-the-art geological, geo-mechanical, hydro-geological,
and UCG cavity growth models were developed promoting the better understanding of the UCG-CO2 storage processes and
determining site selection requirements for evaluation of deep coal locations in Bulgaria and elsewhere as potential sites for UCG-
CO2 storage. The practical engineering requirements for developing the scheme and its environmental and economic benefits
were also assessed. This research has prepared the groundwork for a potential pilot test. A successful demonstration of UCG-CCS
in the DCD would be a step forward in the maturity of the technology and provide a low-cost competitor to imported natural gas
thus increasing Europe’s security of supply

Country Scientific person in charge
OVERGAS INC. AD BULGARIA Nikolay HRISTOV (Pr. Coord.)
CENTRE FOR RESEARCH AND TECHNOLOGY HELLAS HELLAS Nikolaos KOUKOUZAS
DMT GmbH & Co KG DEUTSCHLAND Ralph SCHLUTER
HELMHOLTZ ZENTRUM POTSDAM DEUTSCHES DEUTSCHLAND Thomas KEMPKA
GEOFORSCHUNGSZENTRUM GFz
GEOLOGICAL INSTITUTE - BULGARIAN ACADEMY OF SCIENCES BULGARIA Aleksey BENDEREV
INSTITUTO SUPERIOR TECNICO PORTUGAL Vidal NAVARRO TORRES
UNIVERSITY OF LEEDS UNITED KINGDOM Yong SHENG

Y. Sheng, A. Benderev, D. Bukolska, K. Eshiet, C. Dinis da Gama, T. Gorka, M. Green, N. Hristov, |. Katsimpardi, T. Kempka, J.
Kortenski, N. Koukouzas, N. Nakaten, V. Sarhosis, R. Schlueter, V. Navarro Torres, A. Carina Verissimo, V. Vesselinov, D. Yang.
Interdisciplinary Studies on the Technical and Economic Feasibility of Deep Underground Coal Gasification with CO2 Storage in
Bulgaria. Journal of Mitigation and Adaptation Strategies for Global Change, 2013.

D. Yang, V. Sarhosis, Y. Sheng. Computational Modelling of the Cavity Growth in UCG. Proc. of the 1st UK-Pakistan Coal
Conference (2012), University of Leeds, UK.

N. Nakaten, R. Schluter, R. Azzam, T. Kempka. Development of a techno-economic model for dynamic calculation of COE, energy
demand and CO2 emissions of an integrated UCG-CCS process. Energy Education Science & Technology, Part A: Energy Science
and Research (2012).

Michael Green, Nikolay Hristov, Donka Bukolska. Prospectus for the Project UCG and CO2 Storage. UCG&CO2 STORAGE project
milestone 8.3. URL - https://docs.google.com/file/d/0B9cdz8eFflpGWVZXSnZnTkZsVDQ/edit?usp=sharing

Anatoli Angelov, Michael Green. Report on the implications of the developing framework regulations for CCS for UCG-CCS
opportunities. UCG&CO2 STORAGE project deliverable 7.2. URL -
https://docs.google.com/file/d/0B9cdz8eFflpGSmZNeURELWFDeTQ/edit?usp=sharing
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LOWCARB

Low carbon mine site energy initiatives

Type of Project Research Duration (months) 36
Total Budget 3876689 € Start Date 1/07/2010
EU Contribution 2326014 € End Date 30/06/2013

Project completed, final report not published yet

www.lowcarbonmining.eu

Carbon emissions caused by mining-related activities has never been more topical with increasing environmental, social and
political awareness of climate change. Reducing CO2 and methane (CH4) emissions are equally important issues. Coal mining
contributes to 8% of global anthropogenic methane emissions, and CH4 is 21 times more potent than CO2 in trapping heat.
This project is designed to investigate and develop modern technologies and techniques that can significantly reduce the coal
mining industry’s carbon footprint in terms of both emissions (CO2, CH4), operational energy consumption (CO2), whilst
remaining technically and commercially competitive.

Country Scientific person in charge
UNIVERSITY OF EXETER UNITED KINGDOM  Gareth KENNEDY (Pr. Coord.)
ASOCIACION PARA LA INVEST. Y EL DESAR. INDUSTRIAL DE LOS ESPANA José Luis GARCIA-SINERIZ MARTINEZ
RECURSOS NAT.
PREMOGOVNIK VELENIJE, d.d. SLOVENUA Matjaz KAMENIK
GLOWNY INSTYTUT GORNICTWA POLAND Antoni KIDYBINSKI
HULLERAS DEL NORTE, S.A. ESPANA César CORDERO ESCOSURA
KOMPANIA WEGLOWA S.A. POLAND Grzegorz LAGODZINSKI
MINES RESCUE SERVICE LTD UNITED KINGDOM Malcom PURVIS
THE UNIVERSITY OF NOTTINGHAM UNITED KINGDOM Rodney STACE
UNIVERSIDAD DE OVIEDO ESPANA Salvador ORDONEZ GARCIA

Diaz E, Fernandez J, Ordéfiez S, Canto N, Gonzalez A (2012). Carbon and ecological footprints as tools for evaluating the
environmental impact of coal mine ventilation air. Ecological Indicators. 18, 126. DOI 10.1016/j.ecolind.2011.11.009

Bukowska M, Sanetra U, Wadas M (2012). Chronostratigraphic and Depth Variability of Porosity and Strength of Hard Coals of the
Upper Silesian Basin. Mineral Resources Management, Vol. 28, no. 4. DOI 10.2478/v10269-012-0029-8

Thomson C, Marin P, Diez F V, Orddiiez S. Evaluation of the use of ceramic foams as catalyst supports for reverse-flow
combustors. Chemical Engineering Journal (in press, DOI 10.1016/j.cej.2013.01.080)

Gutiérrez |, Diaz E, Vega A, Orddiiez S (2013). Consequences of cavity size and chemical environment on the adsorption
properties of isoreticular metal-organic frameworks: An inverse gas chromatography study. Journal of Chromatography A 1274,
173-180. DOI 10.1016/j.chroma.2012.12.006

Gutiérrez |, Diaz E, Orddfiez S (2013). Consequences of cavity size and palladium addition on the selective hydrogen adsorption in
isoreticular metal-organic frameworks. Thermochimica Acta. DOI 10.1016/j.tca.2013.01.007
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MINFIREX

Minimising risk for and reducing impact of fire and explosion hazards in underground coal mining

Type of Project Research Duration (months) 36
Total Budget 2554212 € Start Date 1/07/2010
EU Contribution 1532528 € End Date 30/06/2013

Project completed, final report not published yet

Fires and explosions are still major cause of injuries and even fatalities in underground coal mining although the safety in
European coal mines has reached a fairly high standard. But also operation downtimes and productions losses are caused by fires
and thus affect competitiveness of the coal mining companies. MINFIREX aims at minimising the risks for fires and explosions by
developing strategies to prevent fires and explosions and developing innovative detection measures and fire fighting methods

especially for hidden fires as well as

developing an innovative active extinguishing system ensuring effective protection against propagation of fires or explosions.

Country
DMT GmbH & Co KG DEUTSCHLAND
ASOCIACION PARA LA INVEST. Y EL DESAR. INDUSTRIAL DE LOS ESPANA
RECURSOS NAT.
INSTYTUT TECHNIK INNOWACYINYCH EMAG POLAND
HULLERAS DEL NORTE, S.A. ESPANA
INSTYTUT TECHNIKI GORNICZEJ KOMAG POLAND
MINES RESCUE SERVICE LTD UNITED KINGDOM
UK COAL PRODUCTION LTD UNITED KINGDOM
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Scientific person in charge
Harald SCHILLEGGER (Pr. Coord.)
José Luis GARCIA-SINERIZ MARTINEZ

Stanislaw TRENCZEK
Albino GONZALEZ GARCIA
Zbigniew SZKUDLAREK
Colin TALBOT

Stewart JOBLING
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MISSTER

Mine shafts: improving security and new tools for the evaluation of risks

Type of Project Research Duration (months) 36
Total Budget 3006853 € Start Date 1/07/2010
EU Contribution 1804111 € End Date 30/06/2013

Project completed, final report not published yet

http://www.misster.eu

Mine shafts consitute a key element of mining by being:

- crucial for access to underground workings;

- necessary for the proper functioning of mining operations;
- a remaining trace of former mining activity on surface

Therefore, the safety of the whole "mine shaft life cycle" must be ensured (from design to closure), for active mining activity,
staff and public safety and land use reasons.

The project aims to develop innovative cost-effective tools to:

- enhance the understanding of hazards that may affect mining shafts;

- optimize safety conditions for active shafts maintenance and disused shafts treatments.

Country Scientific person in charge
INSTITUT NATIONAL DE L'ENVIRONNEMENT INDUSTRIEL ET DES FRANCE Romuald SALMON (Pr. Coord.)
RISQUES
DMT GmbH & Co KG DEUTSCHLAND Rainer KUCHENBECKER
GEOCONTROL S.A. ESPANA Virginia PORTAL CABEZUELO
GLOWNY INSTYTUT GORNICTWA POLAND Stanislaw PRUSEK
KOMPANIA WEGLOWA S.A. POLAND Grzegorz LAGODZINSKI
MINES RESCUE SERVICE LTD UNITED KINGDOM  Malcom PURVIS
THE UNIVERSITY OF NOTTINGHAM UNITED KINGDOM  Rodney STACE

S. RAPP. Guideline for continuous shaft measurement system, visualization software. MISSTER project deliverable 2.2. URL
http://www.misster.eu/sites/default/files/MISSTER_DELIVERABLE_D2_2.pdf

S. Bock, L. Cauvin. Design and construction of the probe and field tests. MISSTER project deliverable 2.3. URL
http://www.misster.eu/sites/default/files/MISSTER_DELIVERABLE_D2_3.pdf

A. Lecomte, A. Mufioz. Handbook to best practices for mine shaft protection. MISSTER project deliverable 4. URL
http://www.misster.eu/sites/default/files/MISSTER_DELIVERABLE_D4.pdf

S. Prusek, S. Bock, J. Dziura. Evaluation of new materials and techniques for shaft filling or consolidation. MISSTER project
deliverable 2.1 URL http://www.misster.eu/sites/default/files/Deliverables_02-WP31.pdf

A. Gullén, A. Muiioz, J. Vaca, M.Purvis, S. Prusek, S. Bock, J. Dziura, A. Marshall, W. Yang, Y. Jia, R. Stace, D. Wanatowski.
Numerical modelling of critical mine shaft constitutive elements - including characterization of materials and static and time
dependent numerical analyses for the evaluation of treatment effectiveness. MISSTER project deliverable 3.2. URL
http://www.misster.eu/sites/default/files/MISSTER%20DELIVERABLE%20D3.2%20DRAFT.pdf
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OPTI-MINE

Demonstration of process optimization for increasing the efficiency and safety by integrating
leading edge electronic information and communication technologies (ICT) in coal mines

Type of Project Pilot&Demonstration Duration (months) 36
Total Budget 4590053 € Start Date 1/07/2011
EU Contribution 2295028 € End Date 30/06/2014

Running project

www.opti-mine.eu

Increasing cost pressure requires optimized operation processes in coal mining. OPTI-MINE integrates and demonstrates newest
ICT developments, many originating from earlier RFCS projects, to increase efficiency of mining operations and safety by holistic
process optimisation:

Five European mines in five different countries, two ICT system integrators and two universities demonstrate and assess the
reliability and the impact on cost effectiveness, safety and environment within industrial scale demonstrations of different focus.
The scientifically proven results and a strong dissemination programme will boost the use of these integrated ICT systems in
European mines and strengthen European mining technology on global markets.

Country Scientific person in charge
RAG ANTHRAZIT IBBENBUREN GMBH DEUTSCHLAND Thomas MISZ (Pr. Coord.)
ASOCIACION PARA LA INVEST. Y EL DESAR. INDUSTRIAL DE LOS ESPANA Angel RODRIGUEZ LOPEZ
RECURSOS NAT.
PREMOGOVNIK VELENJE, d.d. SLOVENUA Bostjan SKARJA
DMT-GESELLSCHAFT FUR LEHRE UND BILDUNG MBH DEUTSCHLAND Christoph DAUBER
HULLERAS DEL NORTE, S.A. ESPANA José Raul GONZALEZ RUIZSANCHEZ
KOMPANIA WEGLOWA S.A. POLAND Marek SZARAFINSKI
MINETRONICS GMBH DEUTSCHLAND Christoph MULLER
OKD, A.S. CZECH REPUBLIC Richard PAVLIK
SILESIAN UNIVERSITY OF TECHNOLOGY - POLITECHNIKA SLASKA POLAND Jan PALARSKI

Andreas Papamichalis. Documentation of 1st OPTI-MINE Industry Forum (27-28 November 2012, Ostrava, Czech Republic). URL
http://www.opti-mine.eu/downloads.php

Klaus Vogt. Presentation of OPTI-MINE at the Moscow State Mining University, Mining Week, 28-31 January 2013. URL
http://www.opti-mine.eu/downloads.php
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FEATureFACE

Electromagnetic coal face environmental observation and recognition for feats in process
optimization and occupational health and safety

Type of Project Research Duration (months) 36
Total Budget 3585251 € Start Date 1/07/2012
EU Contribution 2151151 € End Date 30/06/2015

Running project

Positioning of mining machines under harsh conditions while enabling safety for the Miners costs considerably time and money.
Observation of complete machine environments using simultaneously several electromagnetic technologies enables for the first
time reliable and accurate object-localization underground. Combined with Information and Communication Technology (ICT) it
increases the efficiency of mine production and development and contributes to process optimization. Productivity enhancement
is achieved by high accuracy and reliable geometric environmental scanning for machine positioning and movement sequences,
leading to less waste, energy consumption, wear, downtimes, coal preparation effort, fire hazard and cost and higher coal yield.
Safety enhancement is achieved by introducing a human localization device for proximity detection and collision avoidance with
machinery reducing accidents and fatalities. FEATureFACE additionally complies with the upcoming EU-machinery-directive
regarding the required functional safety, which can currently not be fulfilled with state-of-the-art technologies. The full-range
consortium involves two coal producers and will develop, test and implement the world’s first failsafe machine environment
detection solution for roadheaders, loaders and shearers. FEATureFACE aims at a

breakthrough by combining strengths and compensating weaknesses of each single technology.

Country Scientific person in charge
RHEINISCH-WESTFALISCHE TECHNISCHE HOCHSCHULE AACHEN DEUTSCHLAND Karl NIENHAUS (Pr. Coord.)
AUSTRIAN CENTER OF COMPETENCE IN MECHATRONICS GMBH OESTERREICH Reimar PFEIL
BECKER MINING SYSTEMS AG DEUTSCHLAND Andreas SEELIGER
EICKHOFF BERGBAUTECHNIK GMBH DEUTSCHLAND Thomas HUERMANN
INDURAD GMBH DEUTSCHLAND Reik WINKEL
LINZ CENTER OF MECHATRONICS GMBH OESTERREICH Thomas BUCHEGGER
OKD, A.S. CZECH REPUBLIC Richard PAVLIK
RAG Aktiengesellschaft DEUTSCHLAND Armin MOZAR
SANDVIK MINING AND CONSTRUCTION GMBH OESTERREICH Egmont LAMMER
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INREQ

Enhanced effectiveness and safety of rescuers involved in high risk activities by designing innovative
rescue equipment systems

Type of Project Research Duration (months) 36
Total Budget 3312628 € Start Date 1/07/2012
EU Contribution 1987577 € End Date 30/06/2015

Running project

http://inreq.komag.eu

The INREQ project addresses directly the safety and operational efficiency of mine rescue teams. It will develop special prototype
and experimental rescue equipment to increase their safety, work comfort and effectiveness. This includes several new tools and
a system for monitoring biometric and working conditions, with data transfer via a dedicated communication system to the
rescue centre. Special attention will be paid to exposure of rescuers to hyperthermia. This will include comprehensive body
temperature measurement, transfer of information and providing local air conditioning. The rescue equipment to be developed
within INREQ will be directly applicable in a wide variety of rescue actions; for example where miners are cut off from evacuation
routes as a result of infrastructure damage and rock falls. One outcome of the project will be a development of effective rescue
equipment for rescue tunneling through rock fall debris. The rescue equipment will consist of carefully designed, but inter-
related sub-systems, including; an improved lightweight rescue conveyor, equipped with a self-propelled platform to facilitate its
forward relocation as the rescue proceeds, an improved rescue support system, and a mobile air conditioner to deliver vital
cooled air to the rescuers’ working zone. Also a device for driving the rescue tunnels in solid rock is planned to be designed. In
this case two types of devices will be developed. One of them will be based on hydro cutting technology, which will be a
prototype device and the other one using low energy will be developed as an experimental device.

Country Scientific person in charge
INSTYTUT TECHNIKI GORNICZEJ KOMAG POLAND Andrzej DRWIEGA (Pr. Coord.)
ASOCIACION PARA LA INVEST. Y EL DESAR. INDUSTRIAL DE LOS ESPANA Samir NABULSI
RECURSOS NAT.
CENTRALNA STACJA RATOWNICTWA GORNICZEGO SA POLAND Adam NOWAK
DMT GmbH & Co KG DEUTSCHLAND Rainer RELLECKE
GEOCONTROL S.A. ESPANA Fernando PORTUGUES SALGADO
GOLDER ASSOCIATES (UK) Ltd UNITED KINGDOM Lorraine KENT
1.CO.P. SpA ITALIA Enzo RIZZI

Andrzej Drwiega, Fernando Portugues: Acceptance of 3D models for equipment covered by T1.1 and required for further
processing. Data. INREQ project deliverable 1.2

Rainer Rellecke: Specification of the climate measuring device. Data. INREQ project deliverable 1.5.
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COMEX

Complex mining exploitation : optimizing mine design and reducing the impact on human
environment

Type of Project Research Duration (months) 36
Total Budget 3787333 € Start Date 1/07/2012
EU Contribution 2272400 € End Date 30/06/2015

Running project

http://www.comex-rfcs.eu

This project focuses on:

-mine exploitation with over- or under-lying old mine and the potential resulting hazards

-the reduction of the impact of mining exploitation on human environment in such conditions

For mining in subsided coal seams, work begun under the Presidence RFCS Project. A draft methodology was developed to design
mine layouts in these cases. The work under this Project will:

-apply this methodology to the workings at the target mines

-closely monitor their condition on drivage and face retreat

-improve the methodology based on the experience gained

The Project will need to develop improved geotechnical numerical modelling techniques to better represent the condition of
subsided rock and to couple large scale stress distribution modelling with small scale support system modelling to predict
roadway support behaviour in these complex conditions. Secondly, stress and strain caused by deep exploitation may affect old
shallow mines. The Upper Silesia Basin is largely concerned. Mining seismicity is a specific case. The problem with mining
seismicity is worldwide, in EU it is still occurring in Upper Silesia Coal Basin and in German mines. Ground vibration resulting from
mining seismic events can be dangerous according to reactivation of old shallow exploitation. It can cause discontinuous effect in
near surface soils or even land collapses. Moreover, it can trigger slope instabilities in open pits, like in Belchatow

lignite mine in Poland were mining seismic events have reached magnitude greater than 4. To protect in an efficient manner the
building assets, we need to be able to predict the effect of ground movements on building assets. Recent works (Burland 97,
Deck 06, Caudron 08) show that the transfer mechanism of the strains from the ground to the building is dependent of some
complex and non-linear soilstructure interactions. This project will answer the need to evaluate and reduce the vulnerability of
buildings subjected to those hazards.

Country Scientific person in charge
INSTITUT NATIONAL DE L'ENVIRONNEMENT INDUSTRIEL ET DES FRANCE Marwan AL HEIB (Pr. Coord.)
RISQUES
CENTRE FOR RESEARCH AND TECHNOLOGY HELLAS HELLAS Nikolaos KOUKOUZAS
DMT GmbH & Co KG DEUTSCHLAND Paul ALTHAUS
GEOCONTROL S.A. ESPANA Mario FERNANDEZ PEREZ
GLOWNY INSTYTUT GORNICTWA POLAND Grzegorz MUTKE
GOLDER ASSOCIATES (UK) Ltd UNITED KINGDOM  Lorraine KENT
UK COAL MINING LTD UNITED KINGDOM  David MOORE
THE UNIVERSITY OF NOTTINGHAM UNITED KINGDOM  Alec MARSHALL
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RFCR-CT-2012-00004 AVENTO

Advance tools for ventilation and methane emmissions control

Info | Type of Project Research Duration (months) 36
Total Budget 3268736 € Start Date 1/07/2012
EU Contribution 1961242 € End Date 30/06/2015

State  Running project

Project web page  http://www.aventoproject.com/

Provisional Abstract  European coal mines are in general deeper than other mines, which increase the risks of high methane emissions and outbursts,
having also higher rock temperature. For both reasons, ventilation air flows are considerably higher in European mines, this being
an important cost factor that affects the overall competitiveness of the European coal industry: the energy requirement for these
ventilation needs is estimated in about 200 billion kWh per year, only in the main surface fans. The situation is worsening, as
most coal fields to be mined in the next years are located at greater depths. Some of the fatal accidents registered in European
mines in the last years are connected with the new and increased risks being found as the mines go deeper. Usual practice in
most European mines is to provide a large air flow excess in order to guarantee safe conditions. This flow is maintained
continuously, although it is only required in very specific points and at certain moments, depending in any case on the specific
conditions and working procedures of each mine. The project has two basic aims: i) To develop new concepts on ventilation
monitoring systems, taking into account the new risks appearing in the current and future production fields, in order to improve
the safety and climatic conditions at the working areas, with special attention to the actions to be taken after severe methane
incidents. ii) To reduce the costs involved in ventilation, analysing different aspects such as the dynamic regulation of air flow
("Ventilation On Demand”), and new systems of fan control for better efficiency and reliability. The activities planned in the
project represent a new approach to the problems of ventilation and methane control at European level, when compared to the
current practices. The participation of a balanced consortium of organizations from five different countries -including Romania
for first time in theprogram- enables to cover a variety of mining conditions across Europe.

Country Scientific person in charge
Partners ASOCIACION PARA LA INVEST. Y EL DESAR. INDUSTRIAL DE LOS ESPANA Marta FERNANDEZ ORDAS (Pr. Coord.)

RECURSOS NAT.
DMT GmbH & Co KG DEUTSCHLAND Rainer RELLECKE
INSTYTUT TECHNIK INNOWACYIJNYCH EMAG POLAND Stanislaw TRENCZEK
GLOWNY INSTYTUT GORNICTWA POLAND Henryk KOPTON
HULLERAS DEL NORTE, S.A. ESPANA Albino GONZALEZ GARCIA
INST.NAT.DE CERC- DEZVOLTARE PENTRU SEC.MINIERA SI PROT. ROMANIA George-Artur GAMAN
ANTIEXPLOZIVA
KOMPANIA WEGLOWA S.A. POLAND Marek SZARAFINSKI
THE UNIVERSITY OF NOTTINGHAM UNITED KINGDOM  lan Stuart LOWNDES
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AMSSTED
Advancing Mining Support Systems to Enhance the Control of Highly Stressed Ground

Type of Project Research Duration (months) 36
Total Budget 4294628 € Start Date 1/07/2013
EU Contribution 2576776 € End Date 30/06/2016

Running project

Roadway support techniques need to keep pace with the demands of safer and more productive mining in ever deeper and more
highly stressed mining environments. The advances in support techniques proposed address a variety of issues surrounding
existing Support Management Systems for gateroads below 1000m, face salvage and wide openings. The issues cover
geotechnical investigations, numerical modelling, quality and support behaviour including optimisation of bolting system, support
cost reduction. Laboratory and field trials of developed support systems will be also undertaken to determine Risk Reduction
Systems/Options for gateroads below 1000 m, roadways up to 1500 m, face salvage operations up to 1000 m and wide
excavations (> 8.0m).

Country Scientific person in charge
GLOWNY INSTYTUT GORNICTWA POLAND Zbigniew LUBOSIK (Pr. Coord.)
ASS. POUR LA RECHERCHE ET LE DEV. DES METHODES ET PROC. FRANCE Faouzi HADJ HASSEN
IND., ARMINES
DMT GmbH & Co KG DEUTSCHLAND Stephan PETERS
GEOCONTROL S.A. ESPANA José GONZALEZ del TANAGO
GOLDER ASSOCIATES (UK) Ltd UNITED KINGDOM  Lorraine KENT
JASTRZEBSKA SPOLKA WEGLOWA S.A. POLAND Kazimierz KOLINSKI
OKD, A.S. CZECH REPUBLIC Petr DVORSKY
UK COAL PRODUCTION LTD UNITED KINGDOM  David MOORE
THE UNIVERSITY OF NOTTINGHAM UNITED KINGDOM  Rodney STACE
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RFCR-CT-2013-00002 ' COGAR

Underground Coal Gasification in operating mine and areas of high vulnerability

Info | Type of Project Research Duration (months) 36
Total Budget 2839866 € Start Date 1/07/2013
EU Contribution 1703920 € End Date 30/06/2016

State  Running project

Provisional Abstract  The project is focused on risk assessment of underground coal gasification in operating mines and in areas of high vulnerability. In
the Project the large number of underground and laboratory measurements will be performed and monitoring data will be
collected during two underground trials, one under RFCS project HUGE2 and second under project financed by Polish
Government. The most important aspects related the impact of UCG on environment (ie. parameters of rock strata, water and
air, underground workings, surface) will be investigated and included into Risk Assessment Methodology. The recommendations
for mine management and mining authorities will be also developed.

Country Scientific person in charge

Partners GLOWNY INSTYTUT GORNICTWA POLAND Sylwester RAJWA (Pr. Coord.)

ASOCIACION PARA LA INVEST. Y EL DESAR. INDUSTRIAL DE LOS ESPANA Francisco José ESPADA

RECURSOS NAT.

DMT GmbH & Co KG DEUTSCHLAND Ralph SCHLUTER

INSTITUT NATIONAL DE L'ENVIRONNEMENT INDUSTRIEL ET DES FRANCE Régis FARRET

RISQUES

KATOWICKI HOLDING WEGLOWY S.A. POLAND Boguslaw SYREK

SUBTERRA INGENIERIA S.L. ESPANA José Miguel GALERA

TECHNICKA UNIVERZITA V KOSICIACH - TECHNICAL UNIVERSITY OF  SLOVAKIA Juraj DUROVE

KOSICE

THE UNIVERSITY OF NOTTINGHAM UNITED KINGDOM Dariusz WANATOWSKI
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M-SMARTGRID

Mining Smart Electrical Grids

Type of Project Research Duration (months) 36
Total Budget 2798888 € Start Date 1/07/2013
EU Contribution 1679334 € End Date 30/06/2016

Running project

Energy consumption is a major cost component in all mining operations. Furthermore, the considerable distances underground,
coupled with high power requirements impose increasing strains on the power network. In response, a number of individual
system developments have been introduced over the years with an objective of decreasing the cost of energy used, mainly in the
fields of mine ventilation and pumping etc. However it is increasingly recognised that if significant gains are going to be made in
this area, then it is necessary to fundamentally address the grid system as a whole, applying smartgird technologies (A smart grid
is an electrical grid that uses Information and Communications Technology to gather and act on information, such as information
about the behaviours of suppliers and consumers, in an automated fashion to improve the efficiency, reliability, economics, and
sustainability of the production and distribution of electricity) The proposed research will develop and implement a radical
approach to mine power engineering involving smart grid systems, together with the use of engineered boreholes to provide
direct power connections from the surface. The approach will take full advantage of current data transmission systems and
wireless networks to ensure effective implementation at minimum cost, while enabling additional features including mining
safety and automation.

Country Scientific person in charge
ASOCIACION PARA LA INVEST. Y EL DESAR. INDUSTRIAL DE LOS ESPANA Angel RODRIGUEZ LOPEZ (Pr. Coord.)
RECURSOS NAT.
PREMOGOVNIK VELENJE, d.d. SLOVENIJA Bostjan SKARJA
DMT GmbH & Co KG DEUTSCHLAND Rainer RELLECKE
HULLERAS DEL NORTE, S.A. ESPANA Miguel ALONSO CAMARA
INSTYTUT TECHNIKI GORNICZE) KOMAG POLAND Krzysztof STANKIEWICZ
KOMPANIA WEGLOWA S.A. POLAND Jacek DLUGOSZ
UNIVERSITY OF EXETER UNITED KINGDOM  Patrick FOSTER
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MANAGER

Management of mine water discharges to mitigate environmental risks for post-mining period

Type of Project Research Duration (months) 36
Total Budget 2845595 € Start Date 1/07/2013
EU Contribution 1707358 € End Date 30/06/2016

Running project

Global changes in mining led to the closure of many long-operating deep mines in many industrialized countries. Discharges of
contaminated water from operating as well as abandoned mines are reason of water resources degradation. The mine water
treatment is a basic component of overall mine water management during mine operations and in post-closure period. The
MANAGER project aims to mitigate environmental risk connected with mine water discharge through innovative and advanced
approach combining: (a) identification of priority substances of concern in mine waters based on local conditions, long-term
forecast, risk assessment and the Water Framework Directive objectives, (b) development of innovative, cost-effective and
sustainable passive and active treatment technologies taking into consideration the results of field tests (pilot sites) and cost-
benefits analysis, (c) identification of forward-looking technical possibilities of mine water reuse and metals recovery, (d)
development of innovative management approaches to mine water discharge and treatment. The realisation of pilot schemes in
different European countries allows to assess technical and economic feasibilities of analysed technologies, what will guarantee
their application not only for partner countries, but also on EU level.

Country Scientific person in charge
GLOWNY INSTYTUT GORNICTWA POLAND Jan BONDARUK (Pr. Coord.)
ASOCIACION PARA LA INVEST. Y EL DESAR. INDUSTRIAL DE LOS ESPANA Gaspar BALERIOLA SANCHEZ
RECURSOS NAT.
CENTRE FOR RESEARCH AND TECHNOLOGY HELLAS HELLAS Nikolaos KOUKOUZAS
THE COAL AUTHORITY UNITED KINGDOM Steven KERSHAW
DMT GmbH & Co KG DEUTSCHLAND Christoph KLINGER
HULLERAS DEL NORTE, S.A. ESPANA Maria Belén GARZON SUCAR
INSTITUT NATIONAL DE L'ENVIRONNEMENT INDUSTRIEL ET DES FRANCE Philippe GOMBERT
RISQUES
IXSANE S.A.S FRANCE Mohammed BOUMAHDI
POLUDNIOWY KONCERN WEGLOWY SA POLAND Witold KASPERKIEWICZ
UNIVERSIDAD DE ALMERIA ESPANA Francisco Gabriel ACIEN FERNANDEZ
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RTRO-Coal

Real-Time Reconciliation and Optimization in large open pit coal mines

Type of Project Research Duration (months) 48
Total Budget 1447283 € Start Date 1/10/2013
EU Contribution 761967 € End Date 30/09/2017

Running project

The project “Real-Time Reconciliation and Optimization in large open pit coal mines” (RTRO-Coal) aims to develop an innovative
and integrated framework for real-time-process reconciliation and optimization in large open pit coal mines along the whole
value chain. By changing the process management in open pit mines from the current practice of periodical to a near continuous
process, an increased process performance is expected in terms of coal recovery and financial measures. The intended stochastic
approach of quantifying uncertainty of process influencing factors will lead to more robust decisions in short- and long term mine
planning. These factors include incomplete knowledge about the spatial distribution of key attributes in the deposit, in-situ
variability and actual loss and dilution, uncertainty in demand for different products and equipment performance in different
material types, Based on the state-of-the-art in process planning and ICT-based process monitoring the project will develop new
methods in stochastic mine system simulation, intelligent process data analysis, back-propagation combined with real-time-
planning-model-updating and decision support methods in short- and long term mine planning under uncertain mining
conditions. The applicability and the expected benefits of the frameworks will be assessed in industrial scale field tests. RTRO-
coal is expected to significantly increase production efficiency and decrease environmental impact while maintaining a high
quality of different products.

Country Scientific person in charge
TECHNISCHE UNIVERSITEIT DELFT NEDERLAND Mike W N BUXTON (Pr. Coord.)
AKADEMIA GORNICZO-HUTNICZA IM. STANISLAWA STASZICA W POLAND Wojciech NAWORYTA
KRAKOWIE AGH
MITTELDEUTSCHE BRAUNKOHLENGESELLSCHAFT GmbH DEUTSCHLAND Matthias LINDIG
RWE POWER AG DEUTSCHLAND Heinrich ROSENBERG
TECHNISCHE UNIVERSITAT BERGAKADEMIE FREIBERG DEUTSCHLAND Anton SROKA
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RFCR-CT-2014-00001 = LoCAL

Low-Carbon After-Life (LoCAL): sustainable use of flooded coal mine voids as a thermal energy
source - a baseline activity for minimising post-closure environmental risks

Info || Type of Project Research Duration (months) 36
Total Budget 1621998 € Start Date 1/07/2014
EU Contribution 973195 € End Date 30/06/2017

State  Running project

Provisional Abstract  In pursuit of the RFCS priority 1.1. (managing environmental risks after mine closure), LoCAL seeks to deliver an effective low-
carbon after-life for flooded coal mine workings, fully harmonised with wider environmental protection goals, by unlocking the
commercially viable potential of mine waters as a thermal energy resource; addressing (i) remaining technical barriers to
implementation (i.e. corrosion and incrustation prevention in ferruginous mine waters) (ii) thermal mixing phenomena in flooded
workings (iii) pathways to market and maximisation of socio-economic benefits. In contrast to previous projects, LoCAL will fully
integrates private sector interests, testing its new tools on real systems in development.

Country Scientific person in charge
Partners  GLOWNY INSTYTUT GORNICTWA POLAND Grzegorz GZYL (Pr. Coord.)
ALKANE ENERGY UK LIMITED UNITED KINGDOM  Anup ATHRESH
ARMADA DEVELOPMENT SPOtKA AKCYINA POLAND Anna HYRIA
HULLERAS DEL NORTE, S.A. ESPANA Albino GONZALEZ GARCIA
THE UNIVERSITY OF GLASGOW UNITED KINGDOM  Paul YOUNGER
UNIVERSIDAD DE OVIEDO ESPANA Jorge LOREDO PEREZ
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TeleRescuer

System for virtual TELEportation of RESCUER for inspecting coal mine areas affected by catastrophic
events

Type of Project Research Duration (months) 36
Total Budget 2142007 € Start Date 1/07/2014
EU Contribution 1285203 € End Date 30/06/2017

Running project

The goal is to develop a system for virtual teleportation of rescuers to subterranean areas of a coal mine that have been closed
due to a catastrophic event that has been occurred within the area. Nowadays, human rescuers are inspecting such an area. The
activity of rescuers is extremely dangerous. Moreover, human rescuers are allowed to enter the restricted area if values of
several critical parameters achieve acceptable levels, that often requires long waiting times. To overcome these problems and
improve efficiency of operation of human rescuers a TeleRescuer system will be developed. It will take advantage of a special
unmanned vehicle (UV) capable of moving within the area affected by the catastrophic event, i.e. with many obstacles such as
parts of destroyed machinery and equipment, rocks fallen at the soil, damaged installations etc. The UV will be equipped with
sensors and cameras (VCR and IR). A breakthrough in the operation of such UVs will depend on the true possibility to virtually
teleport the rescuer to the direct area of operation, which will be achieved threefold. First, particular attention will be paid to the
interface rescuer/UV, whose goal is to make possible direct acting in the inspected area while the operator is remaining in a safe
place. To this end, Virtual and Augmented Reality will be widely applied. Second, to allow this virtual teleportation, a very
powerful communication system will be developed to allow broadband broadcasting of videos, results of measurements, and
virtually direct control of the UV and its sensors and effectors. Third, a very realistic simulator will be developed to allow testing
the interface and to train the rescuers in controlling and using the UV during the rescue operations in a true environment. Finally,
the general approach and the system itself will undergo extensive tests in an environment very similar to operating conditions of
the rescuers in a real coal mine, supervised by the Mining Rescuers Station.

Country Scientific person in charge
SILESIAN UNIVERSITY OF TECHNOLOGY - POLITECHNIKA SLASKA POLAND Anna TIMOFIEJCZUK (Pr. Coord.)
ASOCIACION PARA LA INVEST. Y EL DESAR. INDUSTRIAL DE LOS ESPANA Angel RODRIGUEZ LOPEZ
RECURSOS NAT.
SIMMERSION GMBH OESTERREICH Arkadiusz PATRYAS
SKYTECH RESEARCH SP. Z 0.0. POLAND Krzysztof CYRAN
VYSOKA SKOLA BANSKA - TECHNICKA UNIVERZITA OSTRAVA CZECH REPUBLIC Petr NOVAK
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COAL2GAS

Enhanced Coal Exploitation through UCG Implementation in European Lignite Mines

Type of Project Research Duration (months) 36
Total Budget 2208195 € Start Date 1/07/2014
EU Contribution 1324915 € End Date 30/06/2017

Running project

Tests of gasifying lignite at relatively shallow depths are quite rare even though many underground lignite mines have been
abandoned with vast resources remaining. While the general feasibility of gasifying these resources has been proven, it has to be
confirmed whether the technology could be implemented under EU standards. This proposal is focusing on a representative
deposit in Romania and will address geological and mining related issues. A future pilot will be prepared focussing on
environmental protection. Chances are assessed for other European deposits. The results obtained will help evaluating the
potential and risks of UCG in shallow mining environments.

Country Scientific person in charge
INSTITUTUL DE STUDII SI PROIECTARI ENERGETICE SA ROMANIA Carmencita CONSTANTIN (Pr. Coord.)
CENTRE FOR RESEARCH AND TECHNOLOGY HELLAS HELLAS Nikolaos KOUKOUZAS
PREMOGOVNIK VELENJE, d.d. SLOVENIJA Simon ZAVSEK
SOCIETATEA COMPLEXUL ENERGETIC OLTENIA SA ROMANIA Sorin BALACESCU
DMT GmbH & Co KG DEUTSCHLAND Ralph SCHLUTER
GLOWNY INSTYTUT GORNICTWA POLAND Krzysztof STANCZYK
MOST COAL ENGINEERING SPRL BELGIQUE Marc MOSTADE
TNO, NED ORGANISATIE VOOR TOEGEPAST NEDERLAND Ton WILDENBORG

NATUURWETENSCHAPPELIJK ONDERZOEK

55



RFCR-CT-2014-00004

Info

State

Provisional Abstract

Partners

Summaries of RFCS Projects 2003-2014

TGC1 : Coal mining operation, mine infrastructure and management, unconventional use of coal deposits

GasDrain

Development of Improved Methane Drainage Technologies by Stimulating Coal Seams for Major
Risks Prevention and Increased Coal Output

Type of Project Research Duration (months) 42
Total Budget 3818294 € Start Date 1/07/2014
EU Contribution 2290975 € End Date 31/12/2017

Running project

Coal mining in EU is extending to deeper and deeper levels, facing ever increasing coal seam methane contents and much higher
methane emissions at production districts. The increased release of methane observed with increasing depth is not only a serious
safety risk, but also represents a problem for coal production, as it limits the advance rates of both headings and longwalls.
Current drainage and pre-drainage methods applied in EU coal mines are not sufficiently effective to combat the growing risks
caused by the increasing depth. Therefore, in order to improve safety and achieve increased production rate in the coal mines of
most European coalfields, it is essential that new and innovative gas control and drainage techniques are developed. The primary
objective of the proposed project is to “investigate and research into borehole stimulation techniques and develop novel and
improved methane drainage technologies, which will break the existing technological barriers and help increase safety and
productivity in coal mines”. It must be emphasised, however, that it is not possible to develop a universal solution, that could be
directly applicable to all coal seams and mining conditions. Therefore, the project aims to investigate the potential for the
application of following borehole stimulation techniques: hydraulic fracturing, successfully applied in the conventional and
unconventional hydrocarbons industry, novel stimulation techniques such as open or cased hole cavitation, which has been very
successful in CBM well stimulations when applied to low cohesion and soft coals of the USA, high pressure water jet slotting,
already tested and found effective in combatting gas outbursts in some Chinese coalfields, and the use of explosives to stimulate
coal seams and the surrounding rock strata, through lab. experiments, numerical modelling and extensive field testing of the
developed techniques at different mining conditions in order to achieve the project objectives.

Country Scientific person in charge
GLOWNY INSTYTUT GORNICTWA POLAND Janusz MAKOWKA (Pr. Coord.)
ASOCIACION PARA LA INVEST. Y EL DESAR. INDUSTRIAL DE LOS ESPANA José Luis FUENTES-CANTILLANA
RECURSOS NAT.
HULLERAS DEL NORTE, S.A. ESPANA José Raul GONZALEZ RUIZSANCHEZ
IMPERIAL COLLEGE OF SCIENCE, TECHNOLOGY AND MEDICINE UNITED KINGDOM Sevket DURUCAN
INSTITUT NATIONAL DE L'ENVIRONNEMENT INDUSTRIEL ET DES FRANCE Christophe DIDIER
RISQUES
INSTYTUT NAFTY | GAZU - PANSTWOWY INSTYTUT BADAWCZY POLAND Wieslaw SZOTT
JASTRZEBSKA SPOLKA WEGLOWA S.A. POLAND Piotr BOJARSKI
RHEINISCH-WESTFALISCHE TECHNISCHE HOCHSCHULE AACHEN DEUTSCHLAND Ralf LITTKE
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EXPRO

Prediction and mitigation of methane explosion effects for improved protection of mine
infrastructure and critical equipment

Type of Project Research Duration (months) 36
Total Budget 2402465 € Start Date 1/07/2014
EU Contribution 1365851 € End Date 30/06/2017

Running project

The project aims the development of tools and means that can help to adopt measures for mitigating the damages of
underground methane explosions in the mine infrastructure and in particular in critical equipment, and to investigate the causes
of the explosions once they have occurred. The work is focused in three specific and complementary areas: 1) Developing
numerical models of methane explosions in different scenarios that represent different types of mine geometries and explosion
hipothesis. The models will be also validated with real scale explosion tests that will be carried out in different experimental
facilities, in order to improve the confidence on their predictions. These models will help to estimate the potential distribution of
the effects of potential underground explosions, and will help to make decisions about the most convenient geometries and the
optimal location of critical equipment, and in particular of those associated to safety systems (gas monitoring, ventilation, alarm
systems, etc.) 2) Development of a new air pressure monitoring system that is capable to detect and record fast changes in the
static and dynamic air pressure in the face area, that could be an indication of unexpected methane releases or the initiation of
an explosion. This information will be helpful for the investigation of the location of the ignition point of explosions, once they
have ocurred. This particular aspect has been a request of the post-incident investigation commissions after the last explosions in
the Polish mining industry. 3) Investigation of the potential application of existing triggered barriers for the mitigation of the
explosion effects and the prevention of secondary methane and dust explosions. Two different systems being currently used in
Ukraine will be analyzed and validated, in order to identify the applicability of these systems in the EU countries and the potential
changes or improvements required to increase their effectiveness.

Country Scientific person in charge
ASOCIACION PARA LA INVEST. Y EL DESAR. INDUSTRIAL DE LOS ESPANA Susana TUNON (Pr. Coord.)
RECURSOS NAT.
DTEK TOV UKRAINE Alexey ZHUKOVSKIY
INSTYTUT TECHNIK INNOWACYINYCH EMAG POLAND Marcin MALACHOWSKI
FUNDACION SANTA BARBARA ESPANA Fernando ORDAS FERNANDEZ
GLOWNY INSTYTUT GORNICTWA POLAND Krzysztof CYBULSKI
INSTITUT NATIONAL DE L'ENVIRONNEMENT INDUSTRIEL ET DES FRANCE Benjamin TRUCHOT
RISQUES
KOMPANIA WEGLOWA S.A. POLAND Marek SZARAFINSKI
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Technical Group Coal 2

Coal preparation, conversion and
upgrading

The scope of TGC2 includes:

e Coal beneficiation

e Cokemaking

e Coal derived carbon materials

e Coal gasification (hydrogen, syngas, synthetic natural gas), including chemical and process aspects of
underground coal gasification

e Coal liquefaction

e Environmental issues associated with coal upgrading processes

59



60



RFCR-CT-2003-00005

Info

State

Final Report

Final Abstract

Partners

Summaries of RFCS Projects 2003-2014

TGC2 : Coal preparation, conversion and upgrading

INFERENCE

On-line measurement of coal quality parameters by inference of sensor information

Type of Project Research Duration (months) 52
Total Budget 2062262 € Start Date 1/09/2003
EU Contribution 1237357 € End Date 31/12/2007

Project completed

The aim of this project was to improve the availability of information about coal quality parameters. Signals from existing
instrumentation were evaluated in soft sensors and particle size sensors were further developed. The investigation of part
products of the preparation process gave valuable findings regarding their contribution to handleabiiity. So it was possible to
focus the preparation plant work on the finest products. For the flotation process, a dynamic model of the feed circuit was
developed and implemented into the PLC system of a preparation plant. So the control of the flotation process was greatly
improved and expensive measuring equipment was replaced by cheap software. Work on particle size sensors was done with
different methods for different ranges of particle size. In the measurement of particle size above 1 mm by image analysis, a
breakthrough on the segmentation of individual objects (particles) in an image was reached through the application of multi-flash
imaging (MFI), here in the form of multi-wavelength imaging (MWI). Electrostatic measurements below 1 mm were applied. The
method developed in this project makes it possible to calculate a mean particle size in a power station where the feeding rate to
each mill is known using the existing ABB Pf meter. Pulverised fuel was analysed through laser scattering. The objective of the
work was to validate an online coal fineness device at full scale in power plants. This objective was reached and allows a technical
and economically feasible use of the results.

Country Scientific person in charge
DMT GmbH & Co KG DEUTSCHLAND Franz VERFUSS (Pr. Coord.)
EMC ENVIRONMENT ENGINEERING LTD UNITED KINGDOM  Shihui ZHOU
SOCIETE NATIONALE D'ELECTRICITE ET DE THERMIQUE SA FRANCE Daniel RAMPELBERG
THE UNIVERSITY OF NOTTINGHAM UNITED KINGDOM Nick J. MILES
UNIVERSITY OF TEESSIDE UNITED KINGDOM  Jianyong ZHANG
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C2H UPGRADE

Upgrading of high moisture, low rank coals to hydrogen and methane

Type of Project Research Duration (months) 42
Total Budget 2792444 € Start Date 1/09/2003
EU Contribution 1675468 € End Date 28/02/2007

Project completed

The C2H upgrade project developed a new process for upgrading high moisture low rank brown coals yielding two valuable
products: - a H2-rich fuel gas which can be used for high efficient power generation in a combined cycle or as a natural gas
substitute, - a pre-calcined feed for a cement clinker kiln consisting of CaO, CaSO4 and coal ash. The C2H upgrade process
consists of two core reactors: (i) a steam gasifer with in situ CO2 capture by CaO, and (ii) a sorbent regenerator with the
possibility to produce a separate CO2 stream. The project evaluated the necessary aspects of process development.
Characterisation of coals and CaO-based sorbents: A European geological survey produced suitable locations for a C2H plant. A
methodology for evaluation of calcium-based sorbents was developed. Pilot scale gasification: Testing on three different reactor
types was successfully completed (ABFB, PBFB, Rotary Kiln). A H2-rich (>85 vol. %) and CO2-lean gas with low tar content (< 2
g/Nm3) was generated. Two continuous C2H pilot plants were designed for small-scale applications and large-scale power
generation. IGCC simulation: The C2H-based IGCC plant has a net electric efficiency of 45.0 %. With CO2 capture, the base
efficiency decreases to 37.5 %. Utilisation of the pre-calcined feed in a cement plant yields savings in fuel (66 %) and CO2
emissions (88 %). Life-cycle analysis: The C2H-based IGCC process is economically competitive compared with conventional IGCC
systems, especially for CO2 capture: the specific investment cost is estimated at < 1 500 €/kWe and the CO2 mitigation cost is <
20 €/ tonne CO2 avoided.

Country Scientific person in charge
UNIVERSITAET STUTTGART DEUTSCHLAND Roland BERGER (Pr. Coord.)
BRANDENBURGISCHE TECHNISCHE UNIVERSITAT COTTBUS DEUTSCHLAND Hans-Joachim KRAUTZ
CENTRE FOR RESEARCH AND TECHNOLOGY HELLAS HELLAS Emmanuel KAKARAS
INGENIEURBURO THOMAS WEIMER DEUTSCHLAND Thomas WEIMER
NATIONAL TECHNICAL UNIVERSITY OF ATHENS HELLAS George ANDROUTSOPOULOS
PUBLIC POWER CORPORATION S.A. HELLAS Abraham MIZAN
SCS TECHNOLOGY VERFAHRENSTECHNIK GMBH OESTERREICH Leo SEIRLEHNER
UNIVERSIDAD COMPLUTENSE DE MADRID ESPANA José CORELLA
UNIVERSITY OF ULSTER UNITED KINGDOM P.C. EAMES
VATTENFALL EUROPE MINING AG DEUTSCHLAND Ralf MASSOW
ZENTRUM FUR SONNENENERGIE- UND WASSERSTOFF- DEUTSCHLAND Michael SPECHT

FORSCHUNG BW
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IMPECABL

Improving environmental control and battery life through integrated monitoring systems

Type of Project Research Duration (months) 48
Total Budget 1479333 € Start Date 1/07/2004
EU Contribution 887600 € End Date 30/06/2008

Project completed

"An integrated package of coke oven monitoring systems was developed to assist oven life extension, minimise environmental
emissions, and maintain consistency of battery operations, productivity and coke quality. B The chamber wall observation

system developed by CPM and Arcelor Research was tested successfully in Dillingen and Carling Coke Plants. Good quality
images were processed with specially developed image analysis software. The final version of the software can generate a
picture of each wall from the chamber wall inspection video.® Using polarised light microscopy, a classification system was
devised by Nottingham University to characterise the nature of coke oven wall and roof carbon. The development of such
deposits was determined by scanning electron microscopy, X-ray diffraction and carbon deposits from a laboratory-scale rig
specifically designed for this study.® DMT developed a flexible mirror/video camera and pressurised air nozzle system for optical
inspection and cleaning of the regenerator brickwork. The new systems were tested successfully in plant trials at a German coke
plant for inspection and cleaning of the lower sections of the regenerator.® Corus developed an automated flue temperature

and vision monitor to measure temperature profiles and record the condition of flue refractories. Load cells on battery top tie-
bars provided continuous monitoring of the forces acting on the tie-bar springs, and evaluation of battery steelwork stress and
movement. A battery top deflection measurement system provided regular assessment of the oven top brickwork profile. After
successful plant trials, these monitoring systems can be applied on other batteries."

Country Scientific person in charge
TATA STEEL UK LIMITED UNITED KINGDOM  Ruth POULTNEY (Pr. Coord.)
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Jean-Paul GAILLET
DMT GmbH & Co KG DEUTSCHLAND Friedrich HUHN
THE UNIVERSITY OF NOTTINGHAM UNITED KINGDOM  John W. PATRICK

F. Nivoix and J-P. Gaillet. Development of a coke oven chamber wall observation device, Steelmaking Days, Paris, 13-14
December 2007. Revue de Métallurgie, Vol 104 (Issue 10), 2007, pp 443 —492. URL http://dx.doi.org/10.1051/metal/20071002
http://www.ats-ffa.org/Pages/Rubriques/manifestations/1_JSI/Programme/Definitif_programme2007.pdf

R.M. Poultney, T.J. Walker, S.K. Williams, P.H. Griffiths, R.H. Bewick. Coke Oven Monitoring Techniques for Battery Life
Prolongation, The Year-Book of the Oven Managers’ Association 2011, 124-134. URL http://www.coke-oven-
managers.org/techyb.html

R. Barranco, J.W. Patrick, C.E. Snape, T. Wu, R.M. Poultney, C. Barriocanal, A. Diez. Optical Microscopy and SEM Study of Pyrolytic
Carbon Deposits from Coke ovens, Proc. International Conference on Coal Science and Technology, 2007, ISBN 92-9029-437-X.

R. Barranco, J.W. Patrick, T. Wu. Characterisation of Pyrolytic Carbon by Optical Microscopy and Image Analysis’, 7th European
Conference on Coal Research and its Applications, Cardiff, 2008.

J. Patrick, R. Barranco. Carbon Deposits: Formation, Nature and Characterisation’, The Year-Book of the Coke Oven Managers’
Association 2007, 122-135. URL http://www.coke-oven-managers.org/techyb.html
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ECOPITCH

Development of a new generation of coal-derived environmentally-friendly pitches

Type of Project Research Duration (months) 36
Total Budget 2015084 € Start Date 1/07/2005
EU Contribution 1209050 € End Date 30/06/2008

Project completed

A new process for preparing pitches from anthracene oil has been developed. Named the 'ecopitch process', it involved four
sequential cycles each of which included a thermal oxidative condensation step followed by thermal treatment and distillation.
The unreacted anthracene oil obtained in each cycle was used as the feedstock for the next cycle. It was observed that the
unreactive anthracene oil required severer operational conditions (i.e. temperature) for being polymerised as the number of
processing cycles increased. After four cycles, the polymerisation capability of the anthracene oil was depleted. Bulk samples and
their fractions from all stages of the process were characterised in terms of their molecular mass distribution and structural
features. These samples were used to develop and validate methods based on laser desorption mass spectroscopy and nuclear
magnetic resonance. The pyrolysis behaviour and the capacity of the anthracene oil derivatives to generate carbon materials
were also investigated. The feasibility of using anthracene oil derivatives as impregnation and binder agents in the production of
graphite electrodes was studied. Preliminary results suggest that these pitches are suitable for use as impregnation agents.
However, their application as binders requires further study. One of the most important goals attained in this project is the
excellent capacity of anthracene oil derivatives to develop mesophase, and, consequently, to produce advanced carbon materials
(e.g. carbon fibres, graphitic carbons and activated carbons for application in energy storage). Modelling of the anthracene oil
polymerisation was performed as a base for the scaling-up of the process. Tests in batch mode involved the study of the main
parameters that affected the final properties and quality of the pitch obtained from the anthracene oil. A computational model
was also developed and tested in order to simulate the experimental conditions inside a pitch production reactor. This model
showed that the critical point in the reacting system is the injector which corresponded to the zone of largest energy release.

Country Scientific person in charge
AGENCIA ESTATAL CONSEJO SUPERIOR DE INVESTIGACIONES ESPANA Rosa MENENDEZ LOPEZ (Pr. Coord.)
CIENTIFICAS
CARBONE SAVOIE FRANCE Serge LACROIX
IMPERIAL COLLEGE OF SCIENCE, TECHNOLOGY AND MEDICINE UNITED KINGDOM Rafael KANDIYOTI
INDUSTRIAL QUIMICA DEL NALON S.A. ESPANA Juan José FERNANDEZ-RODRIGUEZ
LABORATORIO NACIONAL DE ENERGIA E GEOLOGIA IP PORTUGAL Ibrahim GULYURTLU
POLITECHNIKA WROCLAWSKA - WROCLAW UNIVERSITY OF POLAND Jacek MACHNIKOWSKI
TECHNOLOGY

P. Alvarez, M. Granda, J. Suti, R. Menendez, J.J. Fernandez, J.A. Viiia, T.J. Morgan, M. Millan, A.A. Herod, R. Kandiyoti.
Characterization and pyrolysis behaviour of novel anthracene oil derivatives. Energy & Fuels 22 (2008), 4077-4086. DOI
10.1021/ef800537a. URL http://dx.doi.org/10.1021/ef800537a

P. Alvarez, J. Sutil, R. Santamaria, C. Blanco, R. Menendez, M. Granda. Mesophase from anthracene oil-based pitches. Energy &
Fuels 22 (2008), 4146-4150. DOI 10.1021/ef800499x. URL http://dx.doi.org/10.1021/ef800499x

E. Frackowiak, K. Kierzek, G. Lota, J. Machnikowski. Lithium insertion/deinsertion of boron doped graphitic carbons synthesized
by different procedure. J. Phys. Chem. Solids 69 (2008), 1179-1181. DOI 10.1016/j.jpcs.2007.10.091. URL
http://dx.doi.org/10.1016/j.jpcs.2007.10.091

T.J. Morgan, A. George, P. Alvarez, M. Millan, A.A. Herod, R. Kandiyoti. Characterization of molecular mass ranges of two coal tar
distillate fractions (creosote and anthracene oils) and aromatic standards by LD-MS, GC-MS, probe-MS & size exclusion
chromatography. Energy & Fuels, 22 (2008), 3275-3292. DOI 10.1021/ef800333v. URL http://dx.doi.org/10.1021/ef800333v

P. Alvarez, J. Sutil, R. Menendez, M. Granda. Matriz-iron interactions in carbon-embedded iron oxide nanoparticles. Journal of
Nanoscience and Nanotechnology 9 (2009), 4098-4102. DOI 10.1166/jnn.2009.M16. URL http://dx.doi.org/10.1166/jnn.2009.M16
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RFCR-CT-2005-00005 = REDPAH

Reduction of polycyclic aromatic hydrocarbon (PAH) emissions from coking plants

Info | Type of Project Research Duration (months) 42
Total Budget 1930920 € Start Date 1/09/2005
EU Contribution 1158552 € End Date 28/02/2009

State  Project completed

Final Report

Final Abstract  This project has developed a number of approaches to understand and reduce polycyclic aromatic hydrocarbon (PAH) and
particulate matter (PM) emissions from coking plants. Ammonia water spraying in the gooseneck at the beginning of the coking
cycle has indicated that coke oven pressure can be regulated during the whole coking time by two simple water
sprayers.Comparisons were made between the content of PAHs in Gray-King tars of several commercial coals and blends and the
PAHs emitted in a 250 kg coking oven to predict and reduce the emissions for actual plants. The 250 kg oven trials have identified
how marked reductions in PAH emissions can be achieved for the Maltby coal used through blending with low volatile coking
coals.An innovative procedure for the measurement of non-stack PAH emissions from coke oven batteries has been developed,
together with an integrated system for battery evaluation. PM10 and PAH samples taken in two different locations of
ArcelorMittal’s coking plant in Gijon (Spain), before and after the implantation of a new charging car, revealed the significant
reductions achieved with this new equipment. The stable carbon isotopic values (?13C) of PAHs in tars are fairly constant for all
the major coking coals investigated and this has enabled non-coal tar inputs into environment samples to be identified in the
vicinity of the Gijon and Monckton plants.

Country Scientific person in charge

Partners THE UNIVERSITY OF NOTTINGHAM UNITED KINGDOM Colin E. SNAPE (Pr. Coord.)

ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Etienne PETIT

AGENCIA ESTATAL CONSEJO SUPERIOR DE INVESTIGACIONES ESPANA Ramon ALVAREZ

CIENTIFICAS

INSTYTUT CHEMICZNEJ PRZEROBKI WEGLA - INST. FOR CHEMICAL POLAND Aleksander SOBOLEWSKI

PROC. OF COAL

THE MONCKTON COKE & CHEMICAL COMPANY LTD UNITED KINGDOM lain ARCHIBALD
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MAXICARB

Maximising carbon utilisation through improved raw material selection and process control

Type of Project Research Duration (months) 42
Total Budget 3071461 € Start Date 1/07/2006
EU Contribution 1842876 € End Date 31/12/2009

Project completed

Coke strength in single coals depends on bubble nucleation, growth and coalescence, and an equation to predict 120 values from
rheological properties has been proposed. Indices calculated from FTIR, GC-FID and TGA helped to explain modifications in coal
thermoplastic properties due to additives. The maximum content of additives in blends is sensitive to their properties. Up to 20 %
of semi-coking coals can be included in carbonisation blends. LV (anthracite and petroleum coke) and HV additives (biomass,
shredder fluff and waste plastics) have also been tested, but their use is limited by reductions in coke yield or quality or adverse
emissions. Test devices for stamping and cake strength measurements have been developed and suitable blends assessed. Non-
destructive monitoring of stamp cake homogeneity was successful with a Georadar. Other process investigations included coal
moisture control and a system for maintaining consistent, high blend moisture on plant. Crushing tests showed that finer grain
size exerted positive effects on mechanical strength, if bulk density is kept constant by oiling. TGA parameters were introduced
into models to predict coke quality, replacing traditional variables. New and improved mathematical models to facilitate coke
quality prediction have been developed from laboratory and pilot tests. The volatile matter content of the additive and of the
base coal was fundamental in determining emissions during carbonisation. Tests have demonstrated the possibilities of replacing
good quality coals by high carbon additives. There are environmental and economic limits in utilising additives, which control
their value in use.

Country Scientific person in charge
TATA STEEL UK LIMITED UNITED KINGDOM  Ruth POULTNEY (Pr. Coord.)
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Paul PERNOT
AGENCIA ESTATAL CONSEJO SUPERIOR DE INVESTIGACIONES ESPANA Ramon ALVAREZ
CIENTIFICAS
DMT GmbH & Co KG DEUTSCHLAND Friedhelm STRELOW
TECHNISCHE UNIVERSITAT BERLIN DEUTSCHLAND Halit Z. KUYUMCU
THE UNIVERSITY OF NOTTINGHAM UNITED KINGDOM Colin E. SNAPE
VOESTALPINE STAHL GMBH OESTERREICH Karl PILZ

H.Z. Kuyumcu, J. Rosenkranz, F. Abel. Stamped Coal Cakes in Coke Making Technology - Part I: A Parameter Study on the
Stampability, Ironmaking and Steelmaking: Processes, Products and Applications, 36, issue 5, 2009, 321-326.
http://www.ingentaconnect.com/content/maney/ias/2009/00000036/00000005/art00001

H.Z. Kuyumcu, J. Rosenkranz, F. Abel. Stamped Coal Cakes in Coke Making Technology - Part Il: The Investigation of Cake Strength,
Ironmaking and Steelmaking: Processes, Products and Applications, 36, issue 5, 2009, 327-332.
http://www.ingentaconnect.com/content/maney/ias/2009/00000036/00000005/art00002

A.M. Fernaandez, C. Barriocanal, M.A. Diiez, R. Alvarez. Influence of additives of various origins on thermoplastic properties of
coal. Fuel 88 (2009)2365-2372. doi:10.1016/j.fuel.2008.11.029

A.M. Fernaandez, C. Barriocanal, M.A. Diez, R. Importance of the textural characteristics of inert additives in the reduction of coal
thermoplastic properties. Fuel 89 (2010) 3388-3392. doi:10.1016/j.fuel.2010.03.006.

K.M. Steel, M. Castro Diaz, J.J. Duffy, and C.E. Snape. Use of oscillatory shear rheometry and thermogravimetric analysis to
examine the microstructural changes during coal pyrolysis/carbonization for the prediction of IRSID strength indices. Energy and
Fuels, 2009, 23, 2111-2117. DOI: 10.1021/ef800977¢q URL: http://pubs.acs.org/doi/pdf/10.1021/ef800977q
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HYDROSEP

Hydrogen separation in advanced gasification processes

Type of Project Research Duration (months) 36
Total Budget 2515813 € Start Date 1/07/2006
EU Contribution 1509487 € End Date 30/06/2009

Project completed

The project concentrated on the development of high-capacity carbon-based adsorbents to capture CO2, and thin-film metal and
composite membranes for hydrogen separation with polymer gas-liquid contact membranes for cold removal of CO2 and other
acid gases. Also, an evaluation of integrating hydrogen production units into an IGCC power plant was undertaken to facilitate the
future utilisation of the adsorbents and membranes developed. On the laboratory scale, high capacity carbon-based sorbents
were developed and optimised for their CO2 adsorption efficiency at both low and high pressures. Larger (kilogram) quantities of
the best performers were prepared and similarly tested. Ceramic membranes were studied and means to improve their
selectivity in hydrogen separation investigated. Novel thin-film metallic membranes were deposited on porous supports to assess
their efficacy in hydrogen separation and in catalytic conversion via the water—gas shift reaction, and were tested in a novel
reactor. Polymer membranes were also tested for their ability to remove CO2 from syngas by liquid contact, thereby resulting in
a higher purity fuel gas. Design for integration scale of some of these technologies on an industrial into an existing IGCC plant at
Puertollano, Spain, were developed.

Country Scientific person in charge

THE UNIVERSITY OF NOTTINGHAM UNITED KINGDOM Colin E. SNAPE (Pr. Coord.)

ARTISTOTLE UNIVERSITY OF THESSALONIKI HELLAS George SAKELLAROPOULOS
CENTRE FOR RESEARCH AND TECHNOLOGY HELLAS HELLAS George SKODRAS

AGENCIA ESTATAL CONSEJO SUPERIOR DE INVESTIGACIONES ESPANA Fernando RUBIERA
CIENTIFICAS

CENTRO SVILUPPO MATERIALI SPA ITALIA Eros Luciano FARACI
ELCOGAS SA ESPANA Pedro CASERO CABEZON
INSTITUTO NACIONAL DE ENGENHARIA, TECNOLOGIA E INOVACAO PORTUGAL Ibrahim GULYURTLU
TECHNIP K.T.I. SPA ITALIA Gaetano IAQUANIELLO
MAST CARBON TECHNOLOGY Ltd UNITED KINGDOM Oleksandr KOZYNCHENKO
MAST CARBON INTERNATIONAL Ltd UNITED KINGDOM Oleksandr KOZYNCHENKO
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coolL

Coke oven operating limits

Type of Project Research Duration (months) 36
Total Budget 1595507 € Start Date 1/07/2006
EU Contribution 957304 € End Date 30/06/2009

Project completed

To define safe limits of coke oven operating conditions it is necessary to understand the thermo-mechanical behaviour of the
heating walls. Sources of stresses on oven walls must be controlled: thermal load, swelling pressure, friction force during
pushing. It was carried out on these main factors.Modelling of the heating wall with a method of brick work periodic
homogenisation was successful. A 3D model of the full heating wall was established with ABAQUS software. Results show that tall
ovens do not stand 10 kPa average swelling pressure: cracks appear in masonry.Sensors installed on the new battery 3 of
ArcelorMittal Fos-sur-Mer coking plant and temperature measurements in the flues gave inputs to the model.To predict swelling
pressure of coals in the oven, a wide range of coals have been tested at laboratory scale by ICHPW. A first model of swelling
pressure development is proposed.Measurement of wall pressure developed by coal was carried out in the ILVA pilot oven. Effect
of oiling is different on dry coal and on wet coal. Partial briquetting was investigated by ILVA as this technique allows using more
slight coking coals in the blend.Industrial trials at Ruukki Raahe coke plant confirmed that bulk density increases by oil addition.
Techniques to measure the actual pushing force transmitted to the coke cake were tested at ArcelorMittal Florange coking plant.
Both machines in Florange are now equipped with torque sensors.

Country Scientific person in charge
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Daniel ISLER (Pr. Coord.)
INSTYTUT CHEMICZNEJ PRZEROBKI WEGLA - INST. FOR CHEMICAL  POLAND Aleksander SOBOLEWSKI
PROC. OF COAL
ILVAS.P.A. ITALIA Aldo BOVE
RAUTARUUKKI OYJ FINLAND Olavi KERKKONEN
UNIVERSITE D'ORLEANS FRANCE Alain GASSER

M. Landreau. Modélisation thermomécanique d’un piédroit de four a coke. PhD thesis, University of Orléans, France. 04/12/2009

M. Sciazko, B. Mertas, Z. Bebenek, G. Czerski. Coal grains swelling in plasticity range and expansion pressure development.
Cokemaking 2007 Poland., Ksiaz. October 10-12, 2007

D. Kroh, D. Isler, Y Hergalant, D. Dumay, F. Entringer. Pushing force measurement and transmission. La Revue de Métallurgie, CIT.
November 2009. p. 499-507

M. Landreau, E. Blond, A. Gasser, D. Isler. Modelling of a coke oven heating wall. Unitecr’09. Salvador, Brazil. October 13-16, 2009

68



RFCR-CT-2007-00005

Info

State

Final Report
Project web page

Final Abstract

Partners

Selected Publications

Summaries of RFCS Projects 2003-2014

TGC2 : Coal preparation, conversion and upgrading

FLEXGAS

Near zero emission advanced fluidised bed gasification

Type of Project Research Duration (months) 36
Total Budget 2536420 € Start Date 1/07/2007
EU Contribution 1521852 € End Date 30/06/2010

Project completed

http://www.flexgas.cnr.it/

The Flexgas project deals with the co-gasification of coal and biomass/waste in fluidised beds. The research consortium was
comprised of nine industrial partners and public research institutes from seven EU Member States. This report covers the
activities of the project from 1 July 2007 to 30 June 2010.Complex schemes of gasification based on the concept of the oxy-fuel
process as well as the internal circulating fluidised bed (ICFB) were studied. These schemes were able to produce nitrogen-free
and hydrogen-rich syngas. Thus, a CO2 sequestration postprocess is relatively easy to implement, although out of the scope of
Flexgas. On the whole, the project was successfully completed. 31 deliverables were produced during the project, 23 of which
have a technical/scientific content. All milestones were achieved, some of which with a reasonable delay. Flexgas demonstrates
that the fluidised bed co-gasification of coal and biomass/waste is viable even on a relatively small scale as well as with advanced
process schemes. A syngas very rich in H2 and compatible with CO2 sequestration can be produced. The adoption of catalytic
materials for in-bed/ex-bed processes allows a series of problems related to FB gasification to be overcome. Under certain
conditions, the studied process can be economically attractive. The research had a noticeable impact on the scientific
community, thanks to a large number of publications coming from the consortium. A moderate impact was registered on the
social, industrial and economic worlds. Further R & D actions were individuated to overcome the main barriers to gasification on
the basis of the knowledge acquired through Flexgas.

Country Scientific person in charge
CONSIGLIO NAZIONALE DELLE RICERCHE ITALIA Francesco MICCIO (Pr. Coord.)
ANSALDO ENERGIA S.p.A. ITALIA Maria Luisa PELIZZA
BIOMASSE KRAFTWERK GUSSING GMBH & CO KG OESTERREICH Markus KOCH
CENTRO D!E INVESTIGACIONES ENERGETICAS MEDIOAMBIENTALES  ESPANA José Maria SANCHEZ HERVAS
Y TECNOLOGICAS
INSTITUTE OF CHEMICAL PROCESS FUNDAMENTALS ACAD. OF CZECH REPUBLIC Miroslav PUNCOCHAR
SCIENCES OF CZ
IMPERIAL COLLEGE OF SCIENCE, TECHNOLOGY AND MEDICINE UNITED KINGDOM  Marcos MILLAN
LABORATORIO NACIONAL DE ENERGIA E GEOLOGIA IP PORTUGAL Ibrahim GULYURTLU
REPOTEC - RENEWABLE POWER TECHNOLOGIES UMWELTTECHNIK  OESTERREICH Harald TREMMEL
GMBH
TECHNISCHE UNIVERSITAET WIEN OESTERREICH Hermann HOFBAUER

Francesco Miccio, Giovanna Ruoppolo. Procedure for the determination of the fuel behaviour under more realistic conditions of
Gasification. FLEXGAS project deliverable 2.4. URL http://www.flexgas.cnr.it/Deliverables/DL2 4.pdf

M. Millan. Comparison between oxy-fuel gasification at different pressure. FLEXGAS project deliverable 3.2. URL
http://www.flexgas.cnr.it/Deliverables/DL3 2.pdf

C. Pfeifer, M. Koch. Results of co-gasification in the 8 MWth demonstration plant. FLEXGAS project deliverable 5.2. URL
http://www.flexgas.cnr.it/Deliverables/DLS 2.pdf

K. Svoboda. Selection/ranking of methods to assure dust abatement. FLEXGAS project deliverable 6.3 URL.
http://www.flexgas.cnr.it/Deliverables/DL6 3.pdf

J.M. Sanchez, M. Marano. Optimisation of shift reactor operating conditions to maximise the production of hydrogen and catalyst
life FLEX GAS project deliverable 6.5 URL http://www.flexgas.cnr.it/Deliverables/DL6 5.pdf
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HUGE

Hydrogen oriented underground coal gasification for Europe

Type of Project Research Duration (months) 36
Total Budget 3139846 € Start Date 1/07/2007
EU Contribution 1853308 € End Date 30/06/2010

Project completed

http://huge.gig.eu/pl.html

An analysis of various options of coal gasification technologies with different gasification media, process parameters and coal
types, as well as mathematical and thermodynamic modelling of the planned trials, have been conducted. Moreover, a pseudo-
homogeneous mathematical model for the adsorption of CO2 on the CaO-rich minerals was developed. For the purpose of the
experiments an ex situ reactor was constructed. The reactor was used for the simulation of real underground conditions in
respect to both the coal seamsand the surrounding rock layers. Large blocks of coal were prepared for the reactor by the
industrial partner of the project. In total, six experiments were performed. The experiments demonstrated the possibility of coal
gasification in hard coal block and lignite, and tested the methodology of the experiment. Tests with smaller coal blocks in a
pressurised reactor were also performed. Moreover, tests on the migration of heavy metals to water during the gasification
process, as well as tests of the behaviour of the strata, have been conducted. The concept of the underground georeactor at a
process developmen unit scale was elaborated. The location of the georeactor was chosen and an analysis of the surrounding
space was carried out. The process design, together with the technical design of the generator and the monitoring system, has
been carried out. After all the necessary infrastructure had been built, an underground trial in the in situ reactor in the
experimental mine was conducted. The trial lasted 16 days. The underground experiment enabled the identification of potential
problems related to the operation of the UCG process.After the in situ trial, the impact of the UCG process on the natural
environment was analysed, as well as the impact of the UCG process on life standards, and the implementation criteria for the
selected UCG technological option were elaborated. The results of the project were presented during 17 international
conferences, in 15 publications in journals and one patent application.

Country Scientific person in charge
GLOWNY INSTYTUT GORNICTWA POLAND Krzysztof STANCZYK (Pr. Coord.)
INSTITUTE OF CHEMICAL PROCESS FUNDAMENTALS ACAD. OF CZECH REPUBLIC Olga SOLCOVA
SCIENCES OF CZ
INSTITUT SCIENTIFIQUE DE SERVICE PUBLIC BELGIQUE Hoang Luong TRAN
KOMPANIA WEGLOWA S.A. POLAND Marek SZARAFINSKI
NATIONAL MINING UNIVERSITY UKRAINE Volodymyr BONDARENKO
PGE GORNICTWO | ENERGETYKA KONWENCJONALNA SA POLAND Jacek GADOWSKI
POLTEGOR INSTYTUT - INSTYTUT GORNICTWA ODKRYWKOWEGO POLAND Jerzy BEDNARCZYK
SILESIAN UNIVERSITY OF TECHNOLOGY - POLITECHNIKA SLASKA POLAND Jan PALARSKI
TECHNISCHE UNIVERSITEIT DELFT NEDERLAND Hans BRUINING
UCG PARTNERSHIP LTD UNITED KINGDOM Michael GREEN
UNIVERSITAET STUTTGART DEUTSCHLAND Anja SCHUSTER

A. Mikelic, H. Bruining. Analysis of model equations for stress-enhanced diffusion in coal layers. Part |: Existence of a weak
solution, SIAM Journal of Applied Mathematics 40 (2008) 1671-1691. http://dx.doi.org/10.1137/070710172.

0. Solcova, K. Soukup, J. Rogut, K. Stanczyk, P. Schneider. Gas transport through porous strata from underground reaction source.
The influence of the gas kind, temperature and transport-pore size. Fuel Processing Technology 90 (2009) 1495-1501.
doi:10.1016/j.fuproc.2009.07.015. URL http://vis1.icm.edu.pl/pdflinks/13052709034225458.pdf.

"M. Wiatowski, K. Stanczyk, J. Swiadrowski, K. Kapusta, K. Cybulski, E. Krause, J. Grabowski, J. Rogut, N. Howaniec, A. Smolinski.
Semi-technical underground coal gasification (UCG) using the shaft method in Experimental Mine ""Barbara"". Fuel 99 (2012) 170-
179. http://dx.doi.org/10.1016/j.fuel.2012.04.017. URL http://visl.icm.edu.pl/pdflinks/13052709065225713.pdf."

K. Kapusta, K. Stanczyk. Pollution of water during underground coal gasification of hard coal and lignite. Fuel 90 (2011) 1927-
1934. doi:10.1016/j.fuel.2010.11.025. http://visl.icm.edu.pl/pdflinks/13052709095625943.pdf.

K. Stanczyk, K. Kapusta, M. Wiatowski, J. Swiadrowski, A. Smolinski, J. Rogut, A. Kotyrba. Experimental simulation of hard coal
underground gasification for hydrogen production. Fuel 91 (2012) 40-50. doi:10.1016/j.fuel.2011.08.024.
http://visl.icm.edu.pl/pdflinks/13052709142726555.pdf.
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CTLEUROPE

Promotion of European coal to liquids R&D activities

Type of Project Accompanying measure (studies) Duration (months) 18
Total Budget 326927 € Start Date 1/07/2008
EU Contribution 196156 € End Date 31/12/2009

Project completed

This project has been undertaken by IEA Coal Research Limited (IEACCC), FuelConsult GmbH, Glowny Instytut Gornictwa (GIG),
Tallinn University of Technology (TUT) and Stredisko Pro Efektivni Vyuzivani Energie O.P.S. (SEVENn). It provided an assessment of
Coal to Liquids (CTL) R, D & D activities worldwide. This included a critical technical and economic assessment of the technology
competitiveness together with comment on environmental issues. It further provided an impact assessment of current CTLR & D
capabilities within European industry, institutes and academia, together with comments and recommendations regarding the
need to recommence such activities withina European context. The information was specifically promoted and disseminated by
the project partners in the major coal- and oil shale-using newer Member States of the European Union (EU), namely Poland,
Estonia and the Czech Republic. This included circulation of the review to national stakeholders, including government officials,
fuel processing companies, equipment manufacturers and developers, other interested industries, research institutes and
universities. The review was also posted on the websitesof IEACCC, GIG, TUT and SEVEn. Workshops to present the findings of
the project and seek feedback were held in Poland, Estonia and the Czech Republic. A separate short report on the findings from
these workshops was prepared and disseminated. This included contact details for each project partner to better facilitate
contact between R, D & D organisations within Europe. To complete the promotion and dissemination activities, the two
documents were circulated to comparable stakeholders in the EU-15 countries and other newer Members States of the EU via
various networks and associations.

Country Scientific person in charge
IEA COAL RESEARCH LIMITED UNITED KINGDOM Andrew MINCHENER (Pr. Coord.)
FUELCONSULT GMBH DEUTSCHLAND Bernhard BONN
GLOWNY INSTYTUT GORNICTWA POLAND Krzysztof STANCZYK
SEVEN - STREDISKO PRO EFEKTIVNI VYUZIVANI ENERGIE o.p.s. CZECH REPUBLIC Bohuslav MALEK
TALLINNA TEHNIKAULIKOOL*TALLINN UNIVERSITY OF ESTONIA Andres SIIRDE
TECHNOLOGY
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ECOCARB

Reduction of emissions and energy utilisation of coke oven underfiring heating systems through
advanced diagnostics and control

Type of Project Research Duration (months) 42
Total Budget 2490112 € Start Date 1/07/2008
EU Contribution 1494068 € End Date 31/12/2011

Project completed

The project aims are to reduce emissions and maximise the energy efficiency of coke oven heating using intelligent diagnostics
and individual wall heating control. A new understanding of the combustion characteristics under abnormal conditions caused by
through-wall leakage, combustion inefficiency and regenerator malfunctioning has been obtained using plant trials, physical
modelling and analysis. The information and data from these investigations have enabled a data-driven real-time diagnostic
system to be developed for detecting and identifying heating faults at early stages of occurrence. Waste gas analysis, plant data
and process knowledge have helped in the identification of the main parameters for detection and location of heating faults (Tata
Steel), required for the development of a diagnostic system. This system was further extended into a real-time advisory system
(UNEW), which was implemented on-line at DLCO to provide feedback on heating faults to plant personnel. A regenerator
inspection robot was developed and applied under real coke oven conditions as part of a complete evaluation of combustion
efficiency, with guidelines to identify combustion problems (AMMR/CPM).An experimental heating flue was constructed to
investigate the effects of through-wall leakage and nozzle blockage (BFI), and along with CFD modelling, it was shown that flue
gas dust, CO, H2 and 02 contents can be used as indicators of heating faults. An individual wall heating control system was
designed and implemented to counteract the effects from heating faults (Uhde), with no detrimental effect on NOX emissions or
heat distribution.

Country Scientific person in charge
TATA STEEL UK LIMITED UNITED KINGDOM  Mansour SAIEPOUR (Pr. Coord.)
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Daniel ISLER
UHDE GmbH DEUTSCHLAND Ulrich KOCHANSKI
UNIVERSITY OF NEWCASTLE UPON TYNE UNITED KINGDOM  Anthony Julian MORRIS
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Frank MINTUS

EU Patent filing number: 10015884. Method and device for assessing through-wall leakage of a heating wall of a coke oven. The
coke oven wall emissions tester (COWET) has been developed for undertaking measurements on both walls of a coke oven
simultaneously, to assess for leakage quickly and conveniently.

Saiepour M et al: “Assessment of Coke Oven Through-wall Leakage using Waste Gas Analysis’, InSteelCon 2011, 27th June- 1st
July, Dusseldorf, Germany

Saiepour M et al: ‘Detection of Coke Oven Through-wall Leakage Using Data Driven Techniques’, International Conference on
Clean Technologies in the Steel Industry, 26th-28th September 2011, Budapest, Hungary.

Yi G, Zhang J et al: ‘Intelligent Process Condition Monitoring in Large Scale Materials Processing’, 24th International Congress on
Condition Monitoring and Diagnostics Engineering Management (COMADEM2011), 30th May-1st June, Stavanger, Norway

Yi G, Zhang J et al: ‘Intelligent Process Monitoring in Large Scale Processing’, 2nd Conference European Process Analytics and
Control Technology, 26th April 2011, Glasgow, UK.
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CO2freeSNG

Substitute natural gas from coal with internal sequestration of CO2

Type of Project Research Duration (months) 36
Total Budget 1661353 € Start Date 1/07/2009
EU Contribution 996812 € End Date 30/06/2012

Project completed

www.co2freesng.eu

This report summarises the achievements during the project runtime from 01.07.2009-30.06.2012 of the RFCS-project RFCR-CT-
2009-00003 ‘Substitute natural gas from coal with internal sequestration of CO2’ (CO2freeSNG). The project focused on the
design and feasibility of medium-scale plants for the production of Substitute Natural Gas from coal based on an innovative
indirect gasification technology, the so-called Heatpipe Reformer. Indirect gasification improves the process efficiency and
reduces inherently the CO2 production of the process

Country Scientific person in charge
FRIEDRICH-ALEXANDER UNIVERSITAT ERLANGEN NURNBERG DEUTSCHLAND Jirgen KARL (Pr. Coord.)
DVGW DEUTSCHE VER. DES GAS-UND WASSERFACHES-TEC.- DEUTSCHLAND Frank GRAF
WISSENSCHAF. VEREIN
HIGHTERM RESEARCH GMBH DEUTSCHLAND Markus ZANKL
NATIONAL TECHNICAL UNIVERSITY OF ATHENS HELLAS Emmanouil KAKARAS
TECHNISCHE UNIVERSITAET GRAZ OESTERREICH Jurgen KARL

Sotirios Karellas, et. Al. An evaluation of substitute natural gas production from different coal gasification processes based on
modelling, Energy, Volume 45, 2012. http://dx.doi.org/10.1016/j.energy.2012.03.075

Jacobus van den Berg, Andreas Schweiger. Gasifier raw gas composition, Deliverable Report D11 CO2freeSNG, 2011

Christoph Baumhakl, Thomas Kienberger, Jirgen Karl. Substitute Natural Gas (SNG) from Coal and Lignite — Methanation of
synthesis gas from allothermal gasification. Conference proceedings Clearwater Clean Coal Conference 2012, Clearwater Beach,
USA

Sotirios Karellas, et. Al. Synthetic natural gas production from coal, Submitted for publication, Energy, 2013

Baumhakl C., Karl J., Kienberger T.: Substitute Natural Gas (SNG) aus Kohle - Methanierung von Synthesegas aus der allothermen
Kohlevergasung. Tagungsband zum 25. VDI-Flammentag, Karlsruhe, 2011
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EUROFIBRES

Development of carbon precursors from anthracene oil-based pitches for carbon fibre preparation

Type of Project Research Duration (months) 42
Total Budget 1879655 € Start Date 1/07/2009
EU Contribution 1127793 € End Date 31/12/2012

Project completed

Pitches differing in their properties (e.g. softening point) were produced from anthracene oil by thermal oxidative condensation.
These pitches, their fractions and thermally treated products, were characterised by various techniques and their mass ranges,
chemical structures and pyrolysis behaviour were compared. The viscosity of the pitches was studied at various shear rates and
temperatures by means of capillary rheometry. The information obtained was used to define the subsequent processing
conditions of the pitches for producing carbon fibres. Some selected pitches were spun, stabilised and carbonised to produce
carbon fibres, which were subsequently characterised in terms of structure and mechanical behaviour. Intermediate products
(i.e. green and stabilised fibres) were also characterised in order to obtain information about their subsequent behaviour during
processing. Carbon fibres with a diameter of ~ 15-20 ?m and a tensile strength of > 1 000 MPa were obtained. Porous materials,
including nitrogen and cobalt doped activated carbon fibres, were prepared by physical and chemical activation procedures, from
a selection of stabilised and carbonised anthracene oil-based powders and fibres. Their textural properties and surface chemistry
were evaluated with a view to defining their possible applications. The materials showed a high efficiency as selective adsorbents
of gases (i.e. CO2) and water contaminants (i.e. phenol). They were also tested as both catalyst (SO2 oxidation) and catalyst
support (unsaturated aldehyde hydrogenation). Electrochemical studies revealed the advantage of activated carbon fibres over
activated particulates when used as electrodes in supercapacitors

Country Scientific person in charge
AGENCIA ESTATAL CONSEJO SUPERIOR DE INVESTIGACIONES ESPANA Marcos GRANDA (Pr. Coord.)
CIENTIFICAS
IMPERIAL COLLEGE OF SCIENCE, TECHNOLOGY AND MEDICINE UNITED KINGDOM Marcos MILLAN
INDUSTRIAL QUIMICA DEL NALON S.A. ESPANA Juan José FERNANDEZ-RODRIGUEZ
UNIVERSITY OF LEEDS UNITED KINGDOM Aidan WESTWOOD
POLITECHNIKA WROCLAWSKA - WROCLAW UNIVERSITY OF POLAND Jacek MACHNIKOWSKI
TECHNOLOGY

P. Alvarez, M. Granda, J. Sutil, R. Santamaria, C. Blanco, R. Menendez. A unified process for preparing mesophase and isotropic
material from anthracene oil-based pitch. Fuel Processing Technology 92 (2011), 421-427. DOI 10.1016/j.fuproc.2010.10.004. URL
http://dx.doi.org/10.1016/j.fuproc.2010.10.004

N. Diez, P. Alvarez, R. Santamaria, C. Blanco, R. Menendez and M. Granda. Optimization of the melt-spinning of anthracene oil-
based pitch for isotropic carbon fibre preparation. Fuel Processing Technology 93 (2012) 99-104. DOI
10.1016/j.fuproc.2011.09.016. URL http://dx.doi.org/10.1016/j.fuproc.2011.09.016

P. Alvarez, N. Diez, R. Santamaria, C. Blanco, R. Menendez, M. Granda. Novel coal-based precursors for cokes with highly oriented
microstructures. Fuel 95 (2012), 400-406. DOI 10.1016/j.fuel.2011.09.023. URL http://dx.doi.org/10.1016/j.fuel.2011.09.023

P. Alvarez, N. Diez, R. Santamaria, C. Blanco, R. Menendez, M. Granda. Novel coal-based precursors for cokes with highly oriented
microstructures. Fuel 95 (2012), 400-406. DOI 10.1016/j.fuel.2011.09.023. URL http://dx.doi.org/10.1016/j.fuel.2011.09.023

P. Alvarez, N. Diez, C. Blanco, R. Santamaria, R. Menendez, M. Granda. An insight into the polymerization of anthracene oil to
produce pitch using nuclear magnetic resonance. Fuel 105 (2013), 471-476. DOI 10.1016/j.fuel.2012.09.047. URL
http://dx.doi.org/10.1016/j.fuel.2012.09.047
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SPRITCO

Generation of swelling pressure in a coke, transmission on oven walls and consequences on wall
degradation

Type of Project Research Duration (months) 42
Total Budget 1942334 € Start Date 1/07/2010
EU Contribution 1165400 € End Date 31/12/2013

Project completed, final report not published yet

Coal swelling pressure is one of the major causes of coke oven degradation. The aim of the present project is to progress in the
knowledge of the swelling pressure generation phenomena, to develop advanced methodologies to measure phenomena and
their consequences on ovens, and to develop a prediction model of wall pressure.

A global approach from gas pressure generation in the plastic coal to the resulting stress on the oven walls is proposed. Coupling
of pressure development in the oven chamber and thermo mechanical behaviour of heating walls will allow quantifying the effect
of swelling pressure on oven walls degradation.

Country Scientific person in charge
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Daniel ISLER (Pr. Coord.)
AGENCIA ESTATAL CONSEJO SUPERIOR DE INVESTIGACIONES ESPANA Ramon ALVAREZ
CIENTIFICAS
INSTYTUT CHEMICZNEJ PRZEROBKI WEGLA - INST. FOR CHEMICAL POLAND Aleksander SOBOLEWSKI
PROC. OF COAL
THE UNIVERSITY OF NOTTINGHAM UNITED KINGDOM Colin E. SNAPE
UNIVERSITE D'ORLEANS FRANCE Alain GASSER

E. Diaz-Faes, C. Barriocanal, R. Alvarez. Influence of residual volatile matter in semi-cokes on coking pressure. ICCS&T 2011.
Oviedo.

AM. Fernandez, E. Diaz-Faes, C. Barriocanal, R. Alvarez., Thermal decomposition of semicokes obtained at resolidification
temperature. 19th international symposium on analytical and applied pyrolysis. Linz, Austria. 21-25 May 2012

S. Kokonya, M. Castro-Diaz, C. Snape. Predicting wall pressures generated for low volatile coking coals during carbonisation from
coal characteristics and laboratory tests including rheometry. 9th European conference on coal research and its application
(ECCRIA 9). University of Nottingham. 10-12 September 2012

B. Mertas, A. Sobolewski, G. Rozycki. Plastic layer gas permeability as an influential factor on coking pressure generation. Polish
conference on coking coal and cokemaking industry (Cokemaking 2012). Szczyrk. 3-5 October 2012

N. Gallienne, M. Landreau, E. Blond, A. Gasser, D. Isler. Modelling of a brick-mortar masonry using periodic homogenisation and
submodelling. Journées spécialisées sur les céramiques réfractaires. Mons, Belgium. 28-29 November 2012
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DENSICHARGE

Improving the use of alternative raw materials in coking blends through charge densification

Type of Project Research Duration (months) 36
Total Budget 2872353 € Start Date 1/07/2010
EU Contribution 1723413 € End Date 30/06/2013

Project completed, final report not published yet

The principal aim is to improve use of alternative materials in coking coal blends by delivering technological solutions to increase
oven charge bulk density for European plants, through an integrated series of trials supported by process development and
mathematical modelling to:

e Investigate charge pre-treatment/densification methods to increase use of alternative materials in coking blends at existing
plants.

e Evaluate the influence of alternative raw materials, blends and pre-treatment processes on charge bulk density, carbonisation,
coke oven operating conditions, coke quality and yield.

e Assess the economic and environmental feasibility of alternative materials and pre-treatment technologies for industrial coke
production.

Country Scientific person in charge
TATA STEEL UK LIMITED UNITED KINGDOM  Ruth POULTNEY (Pr. Coord.)
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Daniel ISLER
AGENCIA ESTATAL CONSEJO SUPERIOR DE INVESTIGACIONES ESPANA Ramon ALVAREZ
CIENTIFICAS
DMT GmbH & Co KG DEUTSCHLAND Erwin PILARCZYK
INSTYTUT CHEMICZNEJ PRZEROBKI WEGLA - INST. FOR CHEMICAL POLAND Aleksander SOBOLEWSKI
PROC. OF COAL
TECHNISCHE UNIVERSITAT BERLIN DEUTSCHLAND Halit Z. KUYUMCU
THE UNIVERSITY OF NOTTINGHAM UNITED KINGDOM  Colin E. SNAPE
VOESTALPINE STAHL GMBH OESTERREICH Karl PILZ

H.Z. Kuyumcu, S. Sander. Compacting coking coals by stamping and by pressing, Proc. XXVI International Mineral Processing
Congress, ISBN: 81-901714-3-7, New Delhi/India 2012, 2634-2645.
http://www.impc2012.org/DownloadFiles/IMPC_Book_of_Abstracts_2012_Volume_2.pdf

M.G. Montiano, C. Barriocanal, R. Alvarez. Effect of the addition of waste sawdust on thermoplastic properties of a coal, Fuel 106,
537-543 (2013), http://dx.doi.org/10.1016/j.fuel.2012.10.062

S. Kokonya, M. Castro Diaz, C. Barriocanal, and C.E. Snape. An investigation into the effect of fast heating on fluidity development
and coke quality for blends of coal and biomass, Biomass and Bioenergy, 2013, 56, 295-306. DOI:
10.1016/j.biombioe.2013.05.026. URL: http://www.sciencedirect.com/science/article/pii/S0961953413002833#

M. Castro Diaz, H. Zhao, S. Kokonya, A. Dufour, C.E. Snape. The effect of biomass on fluidity development in coking blends using
high-temperature SAOS rheometry, Energy and Fuels, 2012, 26, 1767-1775. DOI: 10.1021/ef2018463. URL:
http://pubs.acs.org/doi/pdf/10.1021/ef2018463
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RATIO-COAL

Improvement of coal carbonization through the optimization of fuel in coking coal blends

Type of Project Research Duration (months) 36
Total Budget 2014497 € Start Date 1/07/2010
EU Contribution 1089501 € End Date 30/06/2013

Running project

http://ratio-coal.eu

The main objective of the project is an improvement of coal carbonization process through the optimization of fuel in coking coal
blends. The dependence between petrographic properties of coal, alternative fuels addition and coke quality will be determined.
New method of prognosis of metallurgical coke quality based on reactive/inert ratio of coal fuel blends will be proposed. An
innovative monitoring, control and optimization system for preparation of coking fuel blends will be designed and implemented.
A number of tests demonstrating the system feasibility and effectiveness at full scale industrial process will be provided.

Country Scientific person in charge
UNIWERSYTET SLASKI POLAND Iwona JELONEK (Pr. Coord.)
AGENCIA ESTATAL CONSEJO SUPERIOR DE INVESTIGACIONES ESPANA Angeles BORREGO
CIENTIFICAS
KOMBINAT KOKSOCHEMICZNY ZABRZE SA POLAND Stella ROSIAK
THYSSENKRUPP STEEL EUROPE AG DEUTSCHLAND Heike EICKHOFF
TRINECKE ZELEZARNY a.s. CZECH REPUBLIC Stanislav CZUDEK
USTAV GEONIKY AV CR, V.V.1. CZECH REPUBLIC Alena KOZUSNIKOVA

Czudek S., Herman R., Jelonek I., Kruszewska K.. 2011. Research of Relationship between Petrographic Coal Constitution and
Corresponding CSR/CRI Parameters of Coke. Metallurgical Journal, vol. LXIV- 5/2011, 3-6. URL
http://www.hutnickelisty.cz/en/images/dokumenty/obsah_hl_5 2011_en.pdf

Guerrero A., Diez M.A., Borrego. A.G.. 2012. Effect of volatile matter release on optical properties of macerals from different rank
coals. Fuel (accepted for publication) DOI 10.1016/j.bbr.2011.03.031.URL
http://www.sciencedirect.com/science/article/pii/S0016236112003663

Guerrero A., Diez M.A., Borrego, A.G., 2012, Evaluation of Coke Structure by Raman Spectroscopy in Relation to Its Optical
Texture. Proc. Of the 64th Annual Meeting of ICCP. 15-24 September, Beijing, China , 2012

Krystyna Kruszewska, Iwona Jelonek, Stanislav Czudek, Radek Herman. Coke Strength and Reactivity Prediction — A New
Approach. ICCS&T 2013 September Penn State.

Kruszewska K., Jelonek I., Czudek S., Hermann R. 2013. Interrelation between petrographic and coking properties of coal.
Metallurgical Journal, vol. LXVI- 1/2013, 5-12. URL http://www.hutnickelisty.cz/en/images/dokumenty/obsah_hl_1_2013_en.pdf
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FECUNDUS

Advanced concepts and process schemes for CO? free fluidised and entrained bed co-gasification of
coals

Type of Project Research Duration (months) 36
Total Budget 2877029 € Start Date 1/07/2010
EU Contribution 1726218 € End Date 30/06/2013

Project completed, final report not published yet

http://www.fecundus.cnr.it

The need to efficiently convert/upgrade coal and renewable fuels and to drastically reduce CO2 emissions calls for research in
improving technologies of solid fuels to energy conversion.

The project aims at integrating gasification schemes for the co-gasification of coal, biomass and wastes with processes for CO2
separation and capture. Fluidised bed and entrained flow gasification processes will be considered thanks to their flexibility and
effectiveness for carrying out thermal conversion of different feedstock.

Seven work-packages are foreseen dealing with management, outcomes dissemination, tailoring gasification schemes for
integration with CO2 separation, development of materials for gas cleaning, char upgrading, and CO2 separation.

Country Scientific person in charge
CONSIGLIO NAZIONALE DELLE RICERCHE ITALIA Francesco MICCIO (Pr. Coord.)
CENTRO DF INVESTIGACIONES ENERGETICAS MEDIOAMBIENTALES  ESPANA José Maria SANCHEZ HERVAS
Y TECNOLOGICAS
ELCOGAS SA ESPANA Pilar COCA LLANO
INSTITUTE OF CHEMICAL PROCESS FUNDAMENTALS ACAD. OF CZECH REPUBLIC Karel SYOBODA
SCIENCES OF CZ
IMPERIAL COLLEGE OF SCIENCE, TECHNOLOGY AND MEDICINE UNITED KINGDOM Marcos MILLAN
LABORATORIO NACIONAL DE ENERGIA E GEOLOGIA IP PORTUGAL Ibrahim GULYURTLU
UNIVERSITA DEGLI STUDI DI SALERNO ITALIA Diego BARLETTA
TECHNISCHE UNIVERSITAET WIEN OESTERREICH Hermann HOFBAUER

"lzak, P., Poloncarzova, M., Vejrazka, J., Czech head, Czech Republic. ""Zpusob separace plynu a zarfzeni k jeho obohaceni""
(Czech). Method of gas separation and equipment for the process, Czech Patent No. CZ303107, 2012."

Pohorely M., Kamenikova P., Svoboda K., Skoblia S., Jeremias M., Syc M., Puncochar M., Hartman M.: Zarizeni pro fluidni
zplynovani tuhych paliv. (Czech) The Facility for the Fluidized-Bed Gasification of Solid Fuels., Czech Patent Application No. PV
2012-516. Applied 27.7.2012.

Svoboda K., Smetana J., Stojdl J., Sulc J., Vacek J.: Zpusob zplynovani upravene biomasy a zarizeni k jeho provadeni. (Czech)
Method and Apparatus/Equipment for Gasification of Adapted/ Adjusted Biomass. Czech Pat. No. CZ303367, Patented:
07.09.2012.

Stefan Kern. Report on fuel tests with the dual fluidised bed pilot plant. FECUNDUS project deliverable 2.2

Stefan Kern. Report on tests in pilot scale ICFB. FECUNDUS project deliverable 2.4

Diego Barletta. Report on results of flowability evaluation of coal-alternative fuels. FECUNDUS project deliverable 3.3

Giavanna Ruoppolo, Francesco Miccio. Report on new catalyst performance during co-gasification. FECUNDUS project deliverable
4.1

Pavellzcik, Karel Svodoba. Report on possible separation of C02 and H2Sby membrane technique. FECUNDUS project deliverable
4.4
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RFCR-CT-2011-00002 = HUGE2

Hydrogen oriented underground coal gasification for Europe - Environmental and Safety Aspects

Info | Type of Project Research Duration (months) 36
Total Budget 2074641 € Start Date 1/07/2011
EU Contribution 1244785 € End Date 30/06/2014

State  Running project

Project web page httD://huge.gig.eu/Dl.html

Provisional Abstract  The project is focused on safety and environmental aspects of underground coal gasification. Underground trial will be
performed in mine testing two borehole system and reactive barriers usage. The most serious environmental concerns related to
UCG will be investigated that is contamination of underground aquifers and potential leakage of poisonous and explosive gases
into the surrounding strata. The work will be focused on finding practical solutions of possible leakages prevention by use of
reactive barriers. Complex system of environmental telemetric monitoring will be built and tested. Also technical and ecological
risk assessment will be performed.

Country Scientific person in charge

Partners GLOWNY INSTYTUT GORNICTWA POLAND Krzysztof STANCZYK (Pr. Coord.)

LUBELSKI WEGIEL "BOGDANKA" SA POLAND Boleslaw KOZEK

INSTITUTE OF CHEMICAL PROCESS FUNDAMENTALS ACAD. OF CZECH REPUBLIC Olga SOLCOVA

SCIENCES OF CZ

INSTITUT NATIONAL DE L'ENVIRONNEMENT INDUSTRIEL ET DES FRANCE Régis FARRET

RISQUES

KOMPANIA WEGLOWA S.A. POLAND Marek SZARAFINSKI

SILESIAN UNIVERSITY OF TECHNOLOGY - POLITECHNIKA SLASKA POLAND Jan PALARSKI

UCG ENGINEERING LTD UNITED KINGDOM Michael GREEN

Selected Publications  A.Smolinski, K. Stanczyk, K. Kapusta, N. Howaniec, Chemometric study of the ex-situ underground coal gasification wastewater
experimental data. Water, Air and Soil Pollution 223 (2012) 5745-5758. DOI 10.1007/s11270-012-1311-5.
http://link.springer.com/article/10.1007%2Fs11270-012-1311-5#page- 1.

Stanczyk K., Dubinski J., Kapusta K., European Underground Coal Gasification Projects: HUGE and HUGE2. IEA Workshop, Banff.,
Alberta, 22-23 August 2012.

Kapusta K., Stanczyk K., Dubinski J., Underground Coal Gasification in Poland. Experience, results and prospects. 12th Polish-
American Conference on Science and Technology”, 20-22 May 2012, Ohio State University, Columbus, USA
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NOEMI

Nitrogen oxides emissions minimization through improvement of vertical heat distribution inside
heating flues

Type of Project Research Duration (months) 42
Total Budget 1231394 € Start Date 1/07/2012
EU Contribution 738836 € End Date 31/12/2015

Running project

The primary sources of NOx emissions in coke plants are waste heat gases. These emissions depend on underfiring gas and
heating pattern. New heating designs with multi-stage heating and waste gas recirculation allow reducing NOx formation but can
only be applied in new constructions. Improvement of existing batteries in terms of heat distribution and NOx emissions will be
proposed. Coke oven gas dilution and possible design modifications will be studied. Mathematical and physical models will be
used to determine the best possible ways to improve the heating pattern before implementation at industrial scale. Benefits will
be assessed by performing industrial measurements.

Country Scientific person in charge
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Matthieu LANDREAU (Pr. Coord.)
BIURO PROJEKTOW KOKSOPROJEKT Sp. Z.0.0. POLAND Wiktor HUMMER
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COALPHENES

Coal liquid-based high crystalline carbons for the synthesis of graphene-based composites

Type of Project Research Duration (months) 36
Total Budget 1896144 € Start Date 1/07/2013
EU Contribution 1137686 € End Date 30/06/2016

Running project

This proposal deals with the transformation of coal liquids (eg., anthracene oil, coal-tars) into cokes and graphites with a tailored
structure for use in the production of graphene materials. The development of this type of coke/graphite using a coking liquid
phase process will provide an innovative product for making high-tech materials with a good marketing potential. High crystalline
coke/graphites with different structures and properties will be used as precursors for the preparation of graphenes. Graphenes
will be prepared via graphene oxide (GO) by two different methods followed by GO reduction using different approaches. The
enrichment of graphene/GO in nitrogen will be also studied. Graphene will be tested as: (i) filler in polymer-graphene composites
for themal interface materials (TIMs), using rubbery epoxy and silicone as matrix precursors and (ii) advanced graphene-based
hybrid materials with a hierarchical structure, including carbon nanofibres/graphene and Mn02/GO, will be designed and
synthesized and then be tested as electrode in supercapacitors.

Country Scientific person in charge
AGENCIA ESTATAL CONSEJO SUPERIOR DE INVESTIGACIONES ESPANA Marcos GRANDA (Pr. Coord.)
CIENTIFICAS
INDUSTRIAL QUIMICA DEL NALON S.A. ESPANA Juan José FERNANDEZ-RODRIGUEZ
UNIVERSITY OF LEEDS UNITED KINGDOM Aidan WESTWOOD
POLITECHNIKA WROCLAWSKA - WROCLAW UNIVERSITY OF POLAND Grazyna GRYGLEWICZ
TECHNOLOGY
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COWEST

Coal weathering study to predict oxidation, improve coke properties and protect coke oven operation

Type of Project Research Duration (months) 42
Total Budget 2045947 € Start Date 1/07/2013
EU Contribution 1227568 € End Date 31/12/2016

Running project

The exposure of coal to mild weathering decreases the thermoplastic capability of coking coals and this modifies their behaviour
during the coking process, affecting coke structure and properties. There are incidences where coking coal properties have
changed markedly during shipping and storage. Although reduced fluidity and volatile matter can be detrimental, particularly
with regard to the possibility of increasing wall pressures, controlled oxidation to reduce volatile matter content can potentially
increase the quality of the coke produced. This provides an opportunity for mildly oxidised mid to high-volatile European coking
coals to displace imported low volatile matter premium coking coals in blends, given increased competition from Asian markets
for these coals. The objectives of the proposed research are to ascertain how prime coking coals can be affected by weathering
and the extent to which mild oxidation can be favourable for improving coking properties of mid to high volatile European coking
coals. This will involve understanding the mechanisms involved in coal oxidation through a systematic study of a wide range of
weathered and oxidised coals and blends using the novel characterisation techniques of high-temperature 1H NMR and
rheometry in combination with other traditional characterisation techniques, including TGA, together with pilot oven tests. This
knowledge will be used for the introduction of alternative raw materials or additives with plasticising properties that can reverse
any detrimental effects arising from coal weathering. These include waste plastics and biomass fractions, the latter offering
beneficial environmental effects as they are carbon neutral. In addition, novel reliable tests based on the parameters derived
from the analytical techniques will be developed to predict the extent of coal oxidation in order to replace the not always
sensitive to oxidation ASTM D5263 method.

Country Scientific person in charge
THE UNIVERSITY OF NOTTINGHAM UNITED KINGDOM Miguel CASTRO DIAZ (Pr. Coord.)
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Tatiana ROZHKOVA
AGENCIA ESTATAL CONSEJO SUPERIOR DE INVESTIGACIONES ESPANA Carmen BARRIO CANAL
CIENTIFICAS
DMT GmbH & Co KG DEUTSCHLAND Drazen GAJIC
INSTYTUT CHEMICZNEJ PRZEROBKI WEGLA - INST. FOR CHEMICAL ~ POLAND Aleksander SOBOLEWSKI

PROC. OF COAL
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CO2freeSNG2.0

Advanced Substitute Natural Gas from Coal with Internal Sequestration of CO2

Type of Project Research Duration (months) 36
Total Budget 1834169 € Start Date 1/07/2013
EU Contribution 1100502 € End Date 30/06/2016

Running project

The proposed project shall continue a previous RFCS project which focused on the conversion of coal into Substitute Natural Gas
(SNG) by means of methanation of coal derived syngas. The follow-up project targets at the complete process chain
demonstration of an innovative process design developed within the previous project with European coal and lignites. The new
process comprises a substantially simplified gas cleaning based on carbonate scrubbing. It allows to simultaneously remove CO2,
sulphur and tar components by means of a single pressurized water/ carbonate scrubbing process and will substantially increase
process efficiency in comparison to state-of-the-art systems.

Country Scientific person in charge
FRIEDRICH-ALEXANDER UNIVERSITAT ERLANGEN NURNBERG DEUTSCHLAND Jurgen KARL (Pr. Coord.)
AIR LIQUIDE FORSCHUNG UND ENTWICKLUNG GmbH DEUTSCHLAND Claudia KRIER
DVGW DEUTSCHER VEREIN DES GAS- UND WASSERFACHES - TECH.- DEUTSCHLAND Dominic BUCHHOLZ
WIS. VEREIN EV
GLOWNY INSTYTUT GORNICTWA POLAND Leokadia ROG
NATIONAL TECHNICAL UNIVERSITY OF ATHENS HELLAS Sotirios KARELLAS
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ALTERAMA

Developing uses of alternative raw materials in cokemaking

Type of Project Research Duration (months) 42
Total Budget 1976512 € Start Date 1/07/2014
EU Contribution 1185906 € End Date 31/12/2017

Running project

In the current volatile global economic situation, it is essential that optimum use is made of alternative raw materials to increase
the viability and competitiveness of European coke plants. Since approximately 70% of the coke production cost is for raw
materials, the European cokemaking industry is interested in saving raw material costs through including alternative materials in
blends, improving the coking process and productivity with higher charge bulk densities, and improving the health of plant
operators and the environment by using more environmentally-friendly materials. In order to substitute higher proportions of
expensive coking coals with alternative raw materials and maintain coke quality and safe oven operation, suitable pre-
carbonisation technologies need developing to increase oven charge density, and the feasibility of using them in existing coke
oven plants needs to be assessed. Hence, ALTERAMA has been created as a complex European R&D project whose principal aims
are: ® To develop a novel methodology based on hydrous pyrolysis to maximise the introduction of biomass in coking blends and
minimise non-renewable carbon emissions. ¢ To understand the mechanisms by which novel alternative raw materials affect coal
properties during carbonisation.  To beneficiate poor coking coals with plasticising raw materials in order to produce good
coking blends. ® To maximise the use of alternative raw materials in the coke oven charge by briquetting optimisation. ¢ To
evaluate their influence on charge density, coke oven operation, coke quality and yield, cost and emissions. By application of this
research, coke plant operators will gain increased productivity and improved coke quality or cost savings from alternative raw
materials. The investigated techniques provide possibilities to increase coke production at the existing coke oven plants and to
reduce the purchase and transport of coal from outside the EU.

Country Scientific person in charge
THE UNIVERSITY OF NOTTINGHAM UNITED KINGDOM Miguel CASTRO DIAZ (Pr. Coord.)
AGENCIA ESTATAL CONSEJO SUPERIOR DE INVESTIGACIONES ESPANA Carmen BARRIO CANAL
CIENTIFICAS
INSTYTUT CHEMICZNEJ PRZEROBKI WEGLA - INST. FOR CHEMICAL ~ POLAND Rafal BIGDA
PROC. OF COAL
TATA STEEL UK LIMITED UNITED KINGDOM  Ruth POULTNEY
VOESTALPINE STAHL GMBH OESTERREICH Karl PILZ
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Technical Group Coal 3

Coal combustion, clean and
efficient coal technologies, CO,
capture

The scope of TGC3 includes:

e Clean and efficient coal combustion

e Integration of the coal chain, from mining to the final product (electricity, heat, hydrogen, coke)
e Carbon management strategy

e Reduction of the environmental impact of installations using EU coal, lignite and oil shave
e Reduction in emissions from coal utilization

e Clean and efficient coal technologies

e (CO2 capture

e Co-combustion of coal with solid waste or biomass

e Zero emissions and high efficient power generation

e CHP from coal

e Coal contribution to global energy security
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LIGPOWER

More efficient cleaning concepts for stepping up availability of lignite-fired power plants

Type of Project Pilot& Demonstration Duration (months) 52
Total Budget 2312896 € Start Date 1/09/2003
EU Contribution 925158 € End Date 31/12/2007

Project completed

The quality of lignite extracted in various deposits differs considerably in part. The impact of changed major coal quality
parameters on steam generator operation became evident in the form of increased deposit formation on the boilers' heating
surfaces. Successful countermeasures were launched, but the bottleneck of the problem continues to be the cleaning of the first
convection heating surfaces downstream of the furnace. As the cleaning facilities available so far (soot blowers) have not proved
sufficient for these areas of application despite all optimisation efforts made, new processes have to be developed. In contrast to
the methods applied so far, these processes do not use the common cleaning medium steam but work on the basis of alternative
cleaning media. Within the scope of the Ligpower project, such alternative cleaning methods were selected and subjected to
extensive testing on commercial utility boilers. Since a more intensive cleaning of superheater tubes involves increased stress of
the tube material, we developed new, more resistant, superheater designs and installed these in a 600 MW unit. The
transferability of the findings made was ensured by a comparison of the lignites used. To permit the cleaning device to be
controlled as needed, we developed a programme that analyses the degree of fouling of the boiler and generates suggestions for
its cleaning. In addition, a tube-fin superheater design was calculated and optimised in terms of fluid dynamics. The extensive
tests showed which cleaning methods have suitable approaches to cleaning. By testing them over several years, we gained
important information about equipment design. The superheater design could be tested only to a limited degree. Thus, we
obtained additional findings in tests using a test heating surface that was mounted on a 300 MW boiler.

Country Scientific person in charge
RWE POWER AG DEUTSCHLAND Georg WIECHERS (Pr. Coord.)
ALSTOM POWER SYSTEMS GmbH DEUTSCHLAND Georg-Nikolaus STAMATELOPOULOS
PUBLIC POWER CORPORATION S.A. HELLAS Abraham MIZAN
RWE NPOWER PLC UNITED KINGDOM  Gerry RILEY
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CLEFCO

Advanced CFB for clean and efficient coal power

Type of Project Research Duration (months) 40
Total Budget 2231760 € Start Date 1/09/2003
EU Contribution 1339056 € End Date 31/12/2006

Project completed

The European Union's Clefco project (2004-06) aimed to promote the development of once through steam cycle (OTSC) CFB
technology. This was carried out by increasing the process knowledge that is essential for successful boiler design and
demonstration of the multi-fuel flexibility of the process. To fulfil the development needs of OTSC CFB technology, a
comprehensive understanding of CFB combustion processes needed to be achieved. Intensive research in laboratory, pilot and
full-scale combustors was required to fulfil the abovementioned objectives. In the project, each partner worked in its own field of
research. Cooperation between partners enabled the best-possible understanding of the process. In order to study different
process characteristics and verify measurements and simulations, experiments were carried out with different size reactors —
VTT's laboratory scale CFB reactor, VTT's 50 kW pilot CFB reactor, Chalmers' 12 MW CFB boiler, cold rig and several commercial
boilers. To find out possibilities for end-use of ash, national legislations and standards were studied. Knowledge was applied to
ash management possibilities for coal combustion and co-combustion of coal and biomass. The studies were based on the ash
characterisation, which was carried out for ash samples collected during the projects' combustion tests.

Country Scientific person in charge
TEKNOLOGIAN TUTKIMUSKESKUS VTT*TECHNIC. RESEARCH FINLAND Jouni HAMALAINEN (Pr. Coord.)
CENTRE OF FINLAND
CENTRE FOR RESEARCH AND TECHNOLOGY HELLAS HELLAS Emmanuel KAKARAS
CHALMERS TEKNISKA HOGSKOLA AB SVERIGE Filip JOHNSSON
FOSTER WHEELER ENERGIA OY FINLAND Timo HYPPANEN
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MINORTOP

Minimisation of impact of nitrogen oxide reduction technologies on operation and performance

Type of Project Research Duration (months) 48
Total Budget 2115359 € Start Date 1/09/2003
EU Contribution 1269214 € End Date 31/08/2007

Project completed

This project investigates the impact of the application of advanced NOX reduction technologies, such as deep furnace staging, on
practical operating issues for coal-fired power plant. Programmes of laboratory-, pilot and full-scale tests have been undertaken
and numerical simulation models have been extended to predict the effects of fuel selection and the firing of coal and
coal/biomass blends when applying staging and overfire air conditions. Carbon in ash levels have been predicted for full scale
plant and an existing carbon in ash notification (CARNO) system was extended to incorporate overfire air applications. Deposition
assessments were carried out at pilot- and laboratory-scale using modelling studies to define test conditions and identify
locations where slagging and fouling could be a problem under staged conditions. Furnace corrosion and metal loss rates were
identified for different fuel compositions and staging conditions. Corrosion probes installed in a full scale plant were used to
monitor local corrosion problems. The findings from these work programmes were used to develop a series of guidelines that will
advise operators on operational factors to be considered when using advanced NOX reduction technologies. Factors identified
include advice on fuel selection, coal blends and co-firing coal with biomass, particle milling requirements, particle residence
times needed in different zones, optimum furnace stoichiometry and injection velocities, risk areas for and operational measures
to combat slagging, measures for minimising problem corrosion conditions (including tube material selection) and ways of
minimising cost penalties resulting from SRC catalyst deactivation when co-firing biomass.

Country Scientific person in charge
RWE NPOWER PLC UNITED KINGDOM  Michael WHITEHOUSE (Pr. Coord.)
ENERGY RESEARCH CENTRE OF THE NETHERLANDS NEDERLAND Rob KORBEE
EMC ENVIRONMENT ENGINEERING LTD UNITED KINGDOM  Michael WHITEHOUSE
INSTITUTO SUPERIOR TECNICO PORTUGAL Mario COSTA
KEMA NEDERLAND BV NEDERLAND Kees GAST
RUHR-UNIVERSITAT BOCHUM DEUTSCHLAND Viktor SCHERER
UNIVERSITY OF LEEDS UNITED KINGDOM  Bernard GIBBS
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ADMONI

Development of advanced monitoring methodes to improve boiler availability and performance

Type of Project Research Duration (months) 40
Total Budget 1698392 € Start Date 1/09/2003
EU Contribution 1019035 € End Date 31/12/2006

Project completed

Environmental constraints, emission regulations and market competition have led to efficient use of coal in power plants.
Introduction of biomass in the feedstock of a coal-fired utility boiler is a cost-effective method to reduce CO2 emissions in energy
generation, but it can affect combustion and heat transfer and enhance fouling inside the boiler. The necessity to monitor the
operation and performance of a co-fired boiler online is obvious as it can lead to both financial and technical benefits.
Development of online monitoring tools is a key activity in the supervision, diagnosis and control of the impact of ash fouling on
the efficiency and operation of large co-fired boilers. These monitoring tools have to be based both on the design of new
measurement practices and on the mathematical modelling of the physical processes, aiming at the accurate determination of
the deposition rates. The Admoni project (Development of advanced monitoring methods to improve boiler availability and
performance) aimed to study the effects of biomass co-firing on power plant availability by pilot and power plant measurements.
For this purpose different types of fouling and corrosion probes were developed. The aim was also to develop online plant
performance-based deposition formation monitoring methods and simulation software. This included both steady state and
dynamic process simulations and boiler performance calculations which enable the quantification of the deposits and of the
implications they have for boiler operation. Combustion kinetics and reactivity characteristics for selected project fuels were also
determined.

Country Scientific person in charge
TEKNOLOGIAN TUTKIMUSKESKUS VTT*TECHNIC. RESEARCH FINLAND Markku ORJALA (Pr. Coord.)
CENTRE OF FINLAND
CENTRE FOR RESEARCH AND TECHNOLOGY HELLAS HELLAS Emmanuel KAKARAS
FUNDACION CIRCE- CENTRO DE INVESTIGACION DE RECURSOS Y ESPANA Cristobal CORTES GRACIA
CONSUMOS ENERG.
EVN AG OESTERREICH Alois OTTER
FORTUM POWER AND HEAT OY FINLAND Pertti MIELONEN
TECHNISCHE UNIVERSITEIT DELFT NEDERLAND Hartmut SPLIETHOFF
CRANFIELD UNIVERSITY UNITED KINGDOM  John OAKEY

90



RFCR-CT-2003-00008

Info

State

Final Report

Final Abstract

Partners

Summaries of RFCS Projects 2003-2014

TGC3 : Coal combustion, clean and efficient coal technologies, CO2 capture

ASSOCOGS

Assessment of options for CO2 capture and geological sequestration

Type of Project Research Duration (months) 45
Total Budget 2941793 € Start Date 1/09/2003
EU Contribution 1765076 € End Date 31/05/2007

Project completed

This project carried out research on a number of technologies which may be deployed for carbon capture and examined the
possibility of using CO2 to enhance production of methane from disused coal mines. Parametric studies of oxyfuel coal
combustion were completed under atmospheric conditions at 40 kW and 1 MW scale and at pressures up to 7.5 bar. A series of
implications were drawn for the design and operation of a full-scale plant. Ceramic membranes were developed for CO2/H2
separation in gasification systems with catalytic destruction of NH3/H2S. Various techniques were employed to improve
selectivities but achieving defect-free surfaces proved difficult. An apparatus was developed and also used to assess commercial
Pd-Cu-Ag/V membranes. Reactor models were devised and concepts invented to allow effective use of membranes with low
selectivities. Gas-liquid contact membranes were tested and proved to be a very promising alternative to conventional scrubbers.
They offer high mass transfer area and modularity, with major reduction in device volume. A range of solid adsorbents for CO2
removal from post-combustion flue gas were developed and tested, with adsorption capacities >10 wt%. Regeneration strategies,
both thermal swing with inert stripping gas were explored. Large-scale testing of adsorbent demonstrated that gas residence
time is a key factor in determining adsorption performance. The programme established scientific and economic models of the
methane production potential of CO2 injection into remnant coal-seams and validated the scientific model against commercial
projects. Implications for the application to a full-scale plant of all the technologies have been reviewed.

Country Scientific person in charge
E.ON UK plc UNITED KINGDOM  Robin IRONS (Pr. Coord.)
ARTISTOTLE UNIVERSITY OF THESSALONIKI HELLAS George SAKELLAROPOULOS
CERAMICS & REFRACTORIES TECHNOLOGICAL DEVELOPMENT HELLAS Christos DEDELOUDIS
COMPANY
CENTRE FOR RESEARCH AND TECHNOLOGY HELLAS HELLAS George SKODRAS
IMC GEOPHYSICS LTD UNITED KINGDOM Peter JACKSON
THE UNIVERSITY OF NOTTINGHAM UNITED KINGDOM Colin E. SNAPE
UNIVERSITAET STUTTGART DEUTSCHLAND Klaus R.G. HEIN

91



RFCP-CT-2004-00003

Info

State

Final Report
Project web page

Final Abstract

Partners

Summaries of RFCS Projects 2003-2014

TGC3 : Coal combustion, clean and efficient coal technologies, CO2 capture

COMTES700
Component test facility for a 700 °C power plant

Type of Project Pilot& Demonstration Duration (months) 90
Total Budget 15189984 € Start Date 1/07/2004
EU Contribution 6075994 € End Date 31/12/2011

Project completed

http://www.comtes700.org/index.xhtml

The objective of Comtes700 was a test of components for the 700 °C power plant technology. A test facility of steam generator
components up to a wall thickness of 50 mm was erected in an existing power plant. A partial steam flow from the host plant was
heated up to 700 °C and operated for 22 400 hours. Compared to ferritic components, machining of nickel-based components
lasted a minimum of four times longer. Maximum grain sizes in semi-finished products were achieved by a modified heat
treatment. After adjustment of testing technology, overlaps of alloy 617B tubes were avoided. Evaporator materials functioned
satisfactorily during operation. Updated material properties and reduced mechanical loads restricted the reliability statement.
Superheater materials only failed once in a dissimilar weld. Some superheater materials may not reach a lifetime of 200 000
hours due to fireside corrosion. Thick-walled components from 30 to 50 mm in wall thickness displayed a susceptibility to stress
relaxation cracking in welds. Additional stresses were caused by two-phase flow and insufficient design of spray attemperator. A
solution for the workshop and repair welds was to conduct different heat treatment procedures. Valves functioned satisfactorily
but after dismantling some internal cracks were found which could be avoided by design changes. Steam parameter
measurements were proved. Non-destructive testing for initial and periodic inspection was developed during the project, but
without having a relevant acceptance criterion. The component test was designed, manufactured, erected and operated, but it
revealed challenges which were partly solved. Additional research activities are necessary before construction and operation of a
700 °C power plant in the near future.

Country Scientific person in charge
VGB POWERTECH e.V. DEUTSCHLAND Christian STOLZENBERGER (Pr. Coord.)
ALSTOM POWER SYSTEMS GmbH DEUTSCHLAND Georg-Nikolaus STAMATELOPOULOS
BURMEISTER & WAIN ENERGY A/S DANMARK Oluf KROGH
DONG ENERGY THERMAL POWER AS DANMARK Joergen BUGGE
HITACHI POWER EUROPE GmbH DEUTSCHLAND Friedrich KLAUKE
SIEMENS AG DEUTSCHLAND Heiner EDELMANN

92



RFCP-CT-2004-00002

Info

State

Final Report

Final Abstract

Partners

Summaries of RFCS Projects 2003-2014

TGC3 : Coal combustion, clean and efficient coal technologies, CO2 capture

DRYCOAL

Commercial-scale testing of a fluidized-bed drying plant for highly efficient lignite-fired power plants

Type of Project Pilot& Demonstration Duration (months) 54
Total Budget 6184654 € Start Date 1/10/2004
EU Contribution 2473862 € End Date 31/03/2009

Project completed

Lignite plays an important role in Europe’s power sector and contributes about 12 % on average to power generation in the EU-
15 and the accession countries. In some countries like Greece, the Czech Republic, Germany and Poland the shares of lignite
range between 35 and 70 %. In all cases, lignite as a domestic resource ensures security of supply and calculability, an aspect of
growing importance to future energy supplies. Today, modern lignite-based power plant technology attains net efficiencies of
over 43 %. Preventive climate protection by further reduction of CO2, the preservation of resources and further improvements in
economy are major incentives for additional efficiency increases. In particular the very moist lignite offers the option of pre-
drying to achieve further efficiency increases. Against this background, RWE Power started development work on a drying
process suitable for power plants. From 1993 to 2003 a demonstration plant and an optimised, simplified and cost-effective test
plant were successfully operated. On this positive basis, RWE Power is testing a commercial-scale drying module in a final
development step with a dry lignite output of 110 t/h which is co-combusted in a modern lignite-fired power plant. The major
results of the DRYCOAL project are: determination of all design data for a commercial-scale drier and its associated dry lignite-
fired boiler, demonstration of the operational viability of a commercial-scale drying module and the dry lignite firing system,
determination of the potential application of the pre-drying concept in other power plants.

Country Scientific person in charge
RWE POWER AG DEUTSCHLAND Claus MOSER (Pr. Coord.)
ALSTOM POWER SYSTEMS GmbH DEUTSCHLAND Georg-Nikolaus STAMATELOPOULOS
BOT ELEKTROWNIA BELCHATOW SPOLSKA AK POLAND Krzysztof PRZEGALINSKI
NATIONAL TECHNICAL UNIVERSITY OF ATHENS HELLAS Emmanuel KAKARAS
PUBLIC POWER CORPORATION S.A. HELLAS Constantin CHALOULOS
VATTENFALL EUROPE GENERATION AG & CO. KG DEUTSCHLAND Thomas BRUNNE

93



RFCR-CT-2004-00005

Info

State

Final Report

Final Abstract

Partners

Patents

Selected Publications

Summaries of RFCS Projects 2003-2014

TGC3 : Coal combustion, clean and efficient coal technologies, CO2 capture

GEOASH

Understanding and mastering coal fired ashes geopolymerization process in order to turn potential
into profit

Type of Project Research Duration (months) 36
Total Budget 1203141 € Start Date 1/11/2004
EU Contribution 721884 € End Date 31/10/2007

Project completed

The EU regulations are restrictive with regard to solid residues and waste management. Research efforts to develop satisfying
solutions are thus necessary. The GEOASH project aims, on one hand, at producing new geopolymeric matrixes using the
advantageous properties of fine particles extracted from (co)-combustion fly ashes for the long-term stabilisation of inorganic
hazardous wastes and, on the other, at predicting technologies for the recycling of coal ashes into added-value products which
could be integrated in manufacture processes, allowing a reduction of primary resources consumption. The new geopolymer
matrixes produced at room temperature in moderate alkaline conditions display a compressive strength of 60-80 MPa that is not
affected by the particle size of the starting fly ashes. High content of unburned carbon (10 %) in the fly ash inhibits the reactions.
The higher the amorphous phases content in fly ashes the higher the polymerisation degree typical of the geopolymer
framework. Additionally, fly ashes with a high Si02/AI203 ratio require less chemical reagents to reach high compressive
strength, reducing significantly the cost of the geopolymerisation. Considering the pilot plant tests performed with a semi-
industrial mixer, it appears that the amounts of water and chemical reagents may be reduced at pilot plant scale without an
appreciable sacrifice in the properties of the geopolymer solids. Despite the rather satisfying results obtained by the leaching
tests applied to two multimetal wastes that are difficult to stabilise, such as the MSWI residues and arc furnace dust
solidified/stabilised in fly ash-based geopolymer matrixes, further research is still needed.

Country Scientific person in charge
INSTITUT SCIENTIFIQUE DE SERVICE PUBLIC BELGIQUE Diano ANTENUCCI (Pr. Coord.)
ASOCIACION DE INVESTIGACION Y COOPERACION IND. ANDALUCIA ESPANA Constantino PEREIRA
CORDI-GEOPOLYMERE S.A. FRANCE Ralph DAVIDOVITS
AGENCIA ESTATAL CONSEJO SUPERIOR DE INVESTIGACIONES ESPANA Feliciano PLANA LLEVAT
CIENTIFICAS
TECHNISCHE UNIVERSITEIT DELFT NEDERLAND Henk VAN NUGTEREN
UNIVERSIDAD DE SEVILLA ESPANA Constantino FERNANDEZ PEREIRA
0. Font, N. Moreno, X. Querol, M. Izquierdo, E. Alvarez, S. Diez, J. Elvira, D. Antenucci, H. Nugteren, F. Plana, A. Lopez, P. Coca,

F.G. Pena. X-ray powder diffraction-based method for the determination of the glass content and mineralogy of coal (co)-
combustion fly ashes. Fuel (2010), p. 2971 — 2976. doi.org/10.1016/j.fuel.2009.11.024.

M. Izquierdo, N. Moreno, O. Font, X. Querol, E. Alvarez, D. Antenucci, H. Nugteren, Y. Luna, C. Fernandez-Pereira. Influence of the
co-firing on the leaching of trace pollutants from coal fly ash. Fuel (2008), p. 1958-1966. DOI: 10.1016/j.fuel.2007.11.002. ISSN:
0016-2361.

E Alvarez-Ayuso, X Querol, F Plana, A Alastuey, N Moreno, M Izquierdo, O Font, T Moreno, S Diez, E Vazquez, M Barra.
Environmental, physical and structural characterisation of geopolymer matrixes synthesised from coal (co-)combustion fly ashes.
Journal of Hazardous Materials (2008), 175-83. DOI:10.1016/j.jhazmat.2007.10.00

M. Izquierdo, X. Querol, J. Davidovits, D. Antenucci, H. Nugteren, C. Fernandez-Pereira. Coal fly ash-slag-based geopolymers:
Microstructure and metal leaching. Journal of Hazardous Materials (2009), pp 561 — 566. DOI: 10.1016/j.jhazmat.2008.11.063.
ISSN: 0304-3894.

M. Izquierdo, X. Querol, C. Philippart, D. Antenucci, M. Towler. The role of open and closed curing conditions on the leaching
properties of fly ash-slag-based geopolymers. Journal of Hazardous Materials (2010) pp 623-628.
doi.org/10.1016/j.jhazmat.2009.11.075.
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AGAPUTE

Advanced gas purification techn. for co-gasification of coal,refinery by-products,biomass &
waste, targeted to clean power produced from gas & steam turbine generator set fuel cells

Type of Project Research Duration (months) 42
Total Budget 2569812 € Start Date 1/12/2004
EU Contribution 1541887 € End Date 31/05/2008

Project completed

The objective of the project was to improve cleaning technologies, to be modelled, validated, interlinked in optimised processes
and economically assessed for application to syngas, considering the enlargement of the fuel panorama. The work was organised
in two main lines. The first line focused on the improvement of purification technologies, carried out at two levels :(a)
development of better performing models, (b) scientific advancement on improved and innovative technologies. Level (a)
activities carried out in WP3, interlinked with WP1-2 and WP13-16, produced a repository containing relevant techno-economic
details about various gasification process scenarios. Level (b) activities were the subject of WP4—-12.Although valuable scientific
advancements have been reached, as demonstrated by published material in archived journals, their techno-economic impact in
actual gasification processes has been achieved in only a few cases, mainly because this advanced knowledge could only be
tested at the laboratory scale.The second line refers to the modelling, validation and techno-economic evaluation of optimised
process schemes for gas cleaning, targeted at enhancing the industrial design of gasification processes at a preliminary stage.
WP13 created and validated an innovative superstructure for modelling and simulating gasification processes that is supported
by a modular software toolset (WP13-16), open to new features, standards-compliant, interoperable and allows for future
development. A versatile simulation and optimisation toolkit was carried out for the first time for the preliminary design of new
process alternatives, the redesign of existing ones and improvement of the operating conditions of real plants. However, further
development is needed for commercial use.

Country Scientific person in charge
CENTRO SVILUPPO MATERIALI SPA ITALIA Antonello DI DONATO (Pr. Coord.)
AGENCIA ESTATAL CONSEJO SUPERIOR DE INVESTIGACIONES ESPANA Ana Maria MASTRAL
CIENTIFICAS
ELCOGAS SA ESPANA Pilar COCA LLANO
IMPERIAL COLLEGE OF SCIENCE, TECHNOLOGY AND MEDICINE UNITED KINGDOM  Rafael KANDIYOTI
INSTITUTO NACIONAL DE ENGENHARIA, TECNOLOGIA E INOVACAO PORTUGAL Ibrahim GULYURTLU
THE UNIVERSITY OF NOTTINGHAM UNITED KINGDOM  Colin E. SNAPE
UNIVERSITAT POLITECNICA DE CATALUNYA (UPC) ESPANA Luis PUIGJANER
UNIVERSIDAD POLITECNICA DE MADRID ESPANA Carmen CLEMENTE

Puigjaner, Luis (Ed.). Syngas from waste: Emerging Technologies, ISBN 978-0-85729-539-2, Springer-Verlag, London, Limited
(2011). DOI 10.1007/978-0-85729-540-8.

"Mufioz, E.,Capdn-Garcia, E., Lainez, Espuiia, A. Puigjaner, L., ""Considering environmental assessment in an ontological
framework for enterprise sustanability"". Renewable Energy Global Innovations, ISSN: 2291-2460 (http://reginnovations.org/) 17
April 2013. Key Scientific article. In Journal of Cleaner Production, Available online 4 December 2012 (2013)."

"Puigjaner, L., Lainez, JM, Reklaitis, GV. "" Process Systems Engineering, 8. Plant Operation, Integration, Planning, Scheduling,
and Supply Chain"" In ULLMANN'S Encyclopedia of Industrial Chemistry. © Wiley-VCH Verlag GmbH, 01/2013: pages 1-83, ISBN:
9783527306732."

Filomena Pinto, Helena Lopes, Rui Neto André, I. Gulyurtlu, I. Cabrita, Effect of Catalysts in the Quality of Syngas and By-Products
Obtained by Co- Gasification of Coal and Wastes. 2. Heavy Metals, Sulphur and Halogen Compounds Abatement, Fuel 87 (2008)
1050-1062.

4.0. Font, X. Querol, M. Izquierdo, E. Alvarez, N. Moreno, S. Diez, R. Alvarez-Rodriguez, C. Clemente-Jul, P.Coca, F Garcia-
Pefia.Partitioning of trace elements in a entrained flow IGCC plant: Influence of selected operational conditions .Fuel 89 (2010),
3250-3261. doi:10.1016/j.fuel.2010.03.044. http://dx.doi.org/10.1016/j.fuel.2010.03.044
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NODIOXCOMB

Zero "dioxin" releases in coal combustion and coal/organic waste co-combustion processes

Type of Project Research Duration (months) 48
Total Budget 2868020 € Start Date 1/12/2004
EU Contribution 1720811 € End Date 30/11/2008

Project completed

Basic technological developments aim at indirectly hindering dioxin/furan formation by greatly decreasing free hydrochloric acid
and by neutralising catalytic effects of heavy metals swept along inside fly ash-loaded gases at combustor output. Addition of
lime, potassium hydroxide and sodium carbonate (10 w %) decreases both dioxins/furans and heavy metals (Cu, Mn, Co, Cr, etc.)
during lignite/RDF co-combustion. Gaseous ammoniainjected into the raw gases after the combustion bed within a temperature
range of 400-450 °C induces a decrease of PCDD/DFs released in flue gases (varying from 50 % to 90 %). Other end-of-pipe
processing treatments are targeted to trap multi-pollutants in flue gases. Extruded ceramic composite clay/activated carbon
(with AC content of up to 75 w %) can be successfully produced in various geometries (honeycomb, hollow tubes, etc.) and are
potential PCDD/DFs adsorbers. Composite bag filters (P84/AC/P84) exhibit good dust filtration efficiency (higher than 99 w %)
and high dioxin/furan adsorption capacity (a few hours, depending on the flue gas contamination level). Both of them can be
regenerated by PCDD/DFs thermal desorption and destruction into the combustion unit. HyColl industrial technology (>99.9 %
particulate and > 99 % heavy metals collection efficiency) is a suitable best available technology candidate for coal power plants
and could be an appropriate and low-cost add-on retrofit technology to existing plants withelectrostatic precipitators (HyColl
investment is about 50 % of fabric filters investment).

Country Scientific person in charge
INSTITUT SCIENTIFIQUE DE SERVICE PUBLIC BELGIQUE Pierre LANDUYT (Pr. Coord.)
ASOCIACION DE INVESTIGACION Y COOPERACION IND. ANDALUCIA ESPANA Luis SALVADOR MARTINEZ
ARTISTOTLE UNIVERSITY OF THESSALONIKI HELLAS George SAKELLAROPOULOS
CENTRE FOR RESEARCH AND TECHNOLOGY HELLAS HELLAS George SKODRAS
AGENCIA ESTATAL CONSEJO SUPERIOR DE INVESTIGACIONES ESPANA Jesus BLANCO
CIENTIFICAS
CENTRO SVILUPPO MATERIALI SPA ITALIA Eros Luciano FARACI
ENDESA GENERACION SA ESPANA Antonio GIMENEZ ALONSO
ENERVAC-FLUTEC Ltd HELLAS Athanasios KATSANEVAKIS
INGENIERIA ENERGETICA Y DE CONTAMINACION S.A. ESPANA Francisco RODRIGUEZ BAREA
SIOEN-NORDIFA S.A. BELGIQUE Bernard COLSON
UNIVERSITY OF NEWCASTLE UPON TYNE UNITED KINGDOM Keith Mark THOMAS
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FLOX-COAL

Development of a pilot-scale flameless oxidation burner for ultra low NOx combustion of pulverised
coal

Type of Project Research Duration (months) 36
Total Budget 2996203 € Start Date 1/06/2005
EU Contribution 1797722 € End Date 31/05/2008

Project completed

This project aims to develop new flameless oxidation (FLOX) burners for lignite and bituminous coals combustion. Development
of the coal FLOX burners is supported by experimental investigation and by CFD modelling. Based on the results obtained, the
most promising design will be scaled up to pilot-scale and tested. The burner has to meet the following challenging measurable
objectives: - NOx emissions inferior 200 mg/Nm3 (at 6 % 02), - CO emissions inferior 100 mg/Nm3 (at 6 % 02), - C in ash inferior 5
%. The project evaluated the necessary aspects of coal FLOX burner development and up-scaling: Coal FLOX burner design: It
became apparent from experimental data obtained from different burner designs and different coal types that a single FLOX
burner design would be capable of firing the full range of coals specified. Experimental investigation: Testing on bench and pilot-
scale was successfully completed. Experiments showed an overall NOx reduction capability with the current burner design of
about 20-50 % depending on coal type and burner excess air ratio. Coal FLOX burner up-scaling: Designs for a 2 MWt and a 40
MWt coal-fired FLOX burner were developed. The impact of FLOX combustion with the 40 MWt design burners installed on wall-
fired and tangentially-fired plant was investigated using engineering performance models and CFD. In all cases the impact on
furnace performance was moderate. The full-scale testing of a 40 MWt coal FLOX burner was shown to be feasible.

Country Scientific person in charge
UNIVERSITAET STUTTGART DEUTSCHLAND Anja SCHUSTER (Pr. Coord.)
ELECTRICITE DE France FRANCE Pierre PLION
ELEKTROWNIA OPOLE SA POLAND Edward KINAL
INSTYTUT ENERGETYKI POLAND Tomasz GOLEC
INSTITUT NATIONAL DES SCIENCES APPLIQUEES DE ROUEN FRANCE David HONORE
DOOSAN BABCOCK ENERGY LTD UNITED KINGDOM  Gerard HESSELMANN
NATIONAL TECHNICAL UNIVERSITY OF ATHENS HELLAS Emmanouil KAKARAS
RHEINISCH-WESTFALISCHE TECHNISCHE HOCHSCHULE AACHEN DEUTSCHLAND Reinhold KNEER
WS WARMEPROZESSTECHNIK GmbH DEUTSCHLAND Joachim G. WUNNING
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OXYMOD

Development and experimental validation of a mathematical modelling methodology for oxy-fuel
combustion for CO2 capture in large power plants

Type of Project Research Duration (months) 40
Total Budget 2156685 € Start Date 1/07/2005
EU Contribution 1294011 € End Date 31/10/2008

Project completed

"Mathematical modelling has in recent years proven to be a useful and cost-reducing tool for design and improvement of
conventional pulverised coal-fired power plants. The OxyMod project has strived to extend existing combustion modelling
capabilities to oxyfuel combustion conditions, the primary intended output being upgraded CFD codes that include oxy-fuel-
modelling capability for industry and research. A unique consortium suitable for the task including CFD model developer and user
(Vattenfall Research and Development AB, IVD Stuttgart, National Technical University of Athens), experimental test rig operators
(Chalmers, IVD Stuttgart), one of the leading manufacturer of power boilers (Doosan Babcock Energy Limited) and commercial
code developer and manufacturer (Ansys UK Limited). The project has combined experimental work in the largest existing oxy-
fuel test rigs in Europe, model development and implementation, and initial validation through comparisons to experimental
data. An extensive database of oxy-fuel (and air) combustion trials in gas- and coal-fired test rigs has been compiled. Improved
sub-models have been developed and implemented in the CFD codes Aiolos and Fluent, and in the engineering performance
model BWHOT. Initial validation in 20kW, ""IOOkW and 500kW test rigs has proved that the combustion models developed are
principally capable of predicting the more moderate combustion under oxy-fuel conditions. Space for further model development
and evaluation work was, however, also identified. Final application of the developed models to a reference 600MWe coal fired
once through supercritical boiler design showed that the impact of introducing oxy-fuel was not excessive, thereby confirming
the initial design intent. The results and the further development of the CFD codes are expected to be used in the upcoming
(2009-12) pre-engineering of oxy-fuel demonstration plants/combustors in Europe."

Country Scientific person in charge
VATTENFALL RESEARCH AND DEVELOPMENT AB SVERIGE Leif BRANDELS (Pr. Coord.)
CHALMERS TEKNISKA HOGSKOLA AB SVERIGE Filip JOHNSSON
FLUENT EUROPE LIMITED UNITED KINGDOM Christopher CAREY
DOOSAN BABCOCK ENERGY LTD UNITED KINGDOM Ragi PANESAR
NATIONAL TECHNICAL UNIVERSITY OF ATHENS HELLAS Emmanouil KAKARAS
UNIVERSITAET STUTTGART DEUTSCHLAND Uwe SCHNELL
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CLYCARGAS

Clean syngas from carbonaceous materials gasification for highly efficient electric energy generation

Type of Project Research Duration (months) 36
Total Budget 2500804 € Start Date 1/07/2005
EU Contribution 1500482 € End Date 30/06/2008

Project completed

The project was focused on the production of tar-free gas obtained from gasification of coal mixed with low-grade coal and co-
fuels, to be directly used for highly efficient electric energy production in gas turbine-operated plants or in fuel cells. The aim is to
identify appropriate conditions inside the gasifier and operating conditions for separated downstream units, to minimise tar
formation and to establish control systems and criteria for the industrial application of the identified technological solutions.The
work steps were the following.e Characterisation of fuels/co-fuels at laboratory scale to give an indication of the quality/quantity
of tar expected in the syngas.e Development of gasification models for designing process conditions.e Preparation,
characterisation and evaluation of catalyst performance for tar destruction and investigation of catalyst regeneration strategy.e
Experimentation with tar removal techniques in the pilot plant using different technological options and reactor configurations.e
Development of expert systems and scaling-up criteria.Main results of the project.e Characterisation of fuels and co-fuels was
performed, using chemical methods, thermogravimetric techniques and microscopic analysis. Reactivity tests were performed to
gather information on temperature ignition of coal/biomass blends.e Models of gasification in fixed and fluidised beds were
developed to predict syngas quality and tar formation.e The influence of the characteristics of the catalysts on their efficiency
was defined and suitable conditions to be applied in tar abatement units were individuated.e Pilot plant scale testing gave an
indication on the parameters responsible for tar content, on suitable gasification conditions and plant configurations, also
integrating the gasifier with downstream tar abatement units.e Control systems and logic for process control logic were
developed and criteria for industrial application of the results of pilot plants were defined.

Country Scientific person in charge
CENTRO SVILUPPO MATERIALI SPA ITALIA Antonello DI DONATO (Pr. Coord.)
ENEL INGEGNERIA E RICERCA S.p.A. ITALIA Claudio ZEPPI
TECHNIP K.T.l. SPA ITALIA Gaetano IAQUANIELLO
LABORATORIO NACIONAL DE ENERGIA E GEOLOGIA IP PORTUGAL Ibrahim GULYURTLU
SOCIETA TECNOLOGIE AVANZATE CARBONE S.P.A. - SOTACARBO ITALIA Enrico MAGGIO
TECNATOM S.A. ESPANA Andrés SANCHEZ BIEZMA
UNIVERSITY OF NEWCASTLE UPON TYNE UNITED KINGDOM Keith Mark THOMAS
THE UNIVERSITY OF NOTTINGHAM UNITED KINGDOM Edward LESTER

Filomena Pinto, M. Helena Lopes, A. Teresa Crujeira, Rui André, Mario Dias, lbrahim Gulyurtlu, Isabel Cabrita, Environmental
impact of wastes valorisation through co-gasification with coal, oral communication in 7th European Conf. on Industrial Furnaces
and Boilers, Porto, Portugal, April, 2006.

I. Gulyurtlu, Filomena Pinto, Helena Lopes, Rui Neto André, Mdrio Dias, . Cabrita, S, Cl and N gas/solid partition during co-
gasification of coal mixed with cardoon, oral communication in CCT 2007 — 3rd International Conf. on Clean Coal Technologies for
our Future, Sardinia, Italy, May, 2007.

Rui Neto André, I. Gulyurtlu, Filomena Pinto, Helena Lopes, Mdrio Dias, |. Cabrita, Analysis of the Potentialities of Gasification of
Different Species of Biomass for Energy Production, oral communication in Bioenergy: Challenges and Opportunities -
International Conference and Exhibition on Bioenergy, Guimardes, Portugal, April, 2008.

Filomena Pinto, C. Franco, R. André, Helena Lopes, |. Gulyurtlu, I. Cabrita, Co-Gasification of Coal and Wastes in a Pilot-Scale
Installation. 1. Effect of catalysts in syngas treatment to achieve tar abatement, Fuel 88 (2009) 2392-2402.
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RFCR-CT-2005-00008 = CO.CA.CO.R.K.

Coal catalytic co-gasification in an innovative rotary Kiln gasifier

Info | Type of Project Research Duration (months) 36
Total Budget 2098332 € Start Date 1/07/2005
EU Contribution 1259000 € End Date 30/06/2008

State  Project completed

Final Report

Final Abstract  The project aimed at developing a new gasification process by the use of an innovative gasifier named DIRK (differentiated
injection rotary kiln), based upon CSM technology (patent 0001352001, 19 January 2009), fed by coals and co-fuels (i.e.
waste/biomass) in order to produce a syngas suitable for micro gas turbines, internal combustion engines or fuel cells (after the
extraction of hydrogen), for distributed power generation.The main activities of this project consisted of :e creation of a data
bank in the Internet environment, in which all the data collected regarding the coals and waste/biomass characterised have been
classified. e designing, building and setting up of a pilot-scale innovative DIRK gasifier. e gasification tests carried out on the DIRK
and on traditional reactors (i.e. fluidised bed) to compare their performance. ¢ analysis of different syngas clean-up options to
determine their suitability to treat the syngas produced by the DIRK. e analysis of the possible markets for the DIRK and
investigation of the economic aspects related to the DIRK operation.The results indicate that the DIRK gasifier, in comparison
with traditional technologies, is characterised by flexible use with different types of coal and co-fuels feedstocks, without
significant preliminary preparation and with easy control of the process, at competitive cost, in terms of syngas clean-up and
management of the plant. These characteristics make the DIRK a suitable technology for distributed power generation for local
applications that can self-produce energy from their by-products, such as agriculture residues, wood residue and wastes at
relatively high calorific values.

Country Scientific person in charge

Partners CENTRO SVILUPPO MATERIALI SPA ITALIA Claudio LEPORATI (Pr. Coord.)

ANSALDO ENERGIA S.p.A. ITALIA Maria Luisa PELIZZA

ENEL INGEGNERIA E RICERCA S.p.A. ITALIA Claudio ZEPPI

LABORATORIO NACIONAL DE ENERGIA E GEOLOGIA IP PORTUGAL Ibrahim GULYURTLU

SOCIETA TECNOLOGIE AVANZATE CARBONE S.P.A. - SOTACARBO ITALIA Alberto PETTINAU

THE UNIVERSITY OF NOTTINGHAM UNITED KINGDOM  Colin E. SNAPE

UNIVERSIDAD DE ZARAGOZA ESPANA Jesus ARAUZO PEREZ

Patents EP1612482 A3 - Waste disposal apparatus - Medardo Pinti, Maria llaria Pistelli, Giuseppe Rosario Todarello (URL
http://www.google.com/patents/EP1612482A3?cl=en)

EP 2454349 A2 - Process and apparatus for the thermal treatment of refinery sludge - Michelangelo D'Abbieri, Felicia Massetti,
Medardo Pinti, Maria llaria Pistelli, Giacomo Fernando Rispoli (URL http://www.google.com/patents/EP2454349A27cl=en)

Selected Publications  G. Garcia, J. Arauzo, A. Gonzalo, J.L. Sanchez, J. Abrego, Influence of feedstock composition in fluidised bed co-gasification of
mixtures of lignite, bituminous coal and sewage sludge, CHEMICAL ENGINEERING JOURNAL Volume: 222 Pages: 345-352 DOI:
10.1016/j.cej.2013.02.073 Published: APR 15 2013

G. Garcia, E. Cascarosa, J. Abrego, A. Gonzalo, J.L. Sanchez, Use of different residues for high temperature desulphurisation of
gasification gas, CHEMICAL ENGINEERING JOURNAL Volume: 174 Issue: 2-3 Pages: 644-651 DOI: 10.1016/j.cej.2011.09.085

G. Garcia, E. Campos, I. Fonts, J. L. Sdnchez, and J. Herguido, Gas Catalytic Upgrading in a Two-Zone Fluidized Bed Reactor
Coupled to a Cogasification Plant , pp 2835-2845 Publication Date (Web): April 18, 2013 (Article) DOI: 10.1021/ef400227z

F. Pinto, H. Lopes, A. Rui Neto, M. Dias, I. Gulyurtlu, I. Cabrita, Effect of Experimental Conditions on Gas Quality and Solids
Produced by Sewage Sludge Cogasification. 1. Sewage Sludge Mixed with Coal, Energy & Fuels 2007, 21, 2737-2745.

F. Pinto, A. Rui Neto, C. Franco, H. Lopes, C. Carolino, R. Costa,l. Gulyurtlu, Co-gasification of coal and wastes in a pilot-scale
installation. 2: Effect of catalysts in syngas treatment to achieve sulphur and nitrogen compounds abatement, Fuel 89 (2010)
3340-3351
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CFB800

Utility scale CFB for competitive coal power

Type of Project Research Duration (months) 36
Total Budget 3396235 € Start Date 1/09/2005
EU Contribution 2037743 € End Date 31/08/2008

Project completed

technology to 800 MWe size. Scaling up the technology to 'real utility scale (600-800 MWe) with a net efficiency of 45 % or more
was needed to fulfil the future requirements of utility operators. The character of CFB technology with fuel and operational
flexibility and multifuel capability can provide economic and environmental advantages also in utility scale and can thereby
improve operators' competitiveness in deregulated energy markets. During the project a viable CFB plant design of 800 MWe was
developed. The calculated net plant efficiency of the CFB800 was 45 % (600 °C/300 bar). The design resulted in a furnace cross-
section of 40 x 12 m, and a furnace height of 50 m. The furnace dimensions are clearly larger than those found in existing units.
The water and steam side of the design is based on low mass flux Benson once-through technology. This technology is ideal for
CFB conditions, as it utilises vertical furnace tubes rather than the spiral-wound tubing used in many other once-through designs.
A cost structure of the CFB800 concept was determined for the complete power plant. The investment costs of the plant are on
the same level as pulverised coal plants, and the slightly higher operating costs can be offset against the possible use of cheaper
fuels (e.g. low-grade coals). The electricity price shows a competitive value for CFB800 compared with other generation
technologies, especially when opportunity fuels are used.

Country Scientific person in charge
TEKNOLOGIAN TUTKIMUSKESKUS VTT*TECHNIC. RESEARCH FINLAND Jouni HAMALAINEN (Pr. Coord.)
CENTRE OF FINLAND
CENTRE FOR RESEARCH AND TECHNOLOGY HELLAS HELLAS Nikolaos KOUKOUZAS
FUNDACION CIRCE- CENTRO DE INVESTIGACION DE RECURSOS Y ESPANA Cristobal CORTES GRACIA
CONSUMOS ENERG.
ENDESA GENERACION SA ESPANA Juan Carlos BALLESTEROS APARICIO
FOSTER WHEELER ENERGIA OY FINLAND Timo HYPPANEN
SIEMENS AG DEUTSCHLAND Andre SCHRIEF
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CCTPROM

Clean coal technology R, D&D promotion and dissemination

Type of Project Accompanying measure (studies) Duration (months) 18
Total Budget 290353 € Start Date 1/07/2006
EU Contribution 186902 € End Date 31/12/2007

Project completed

This project has provided a means to valorise the technical achievements of the CCT power generation RD&D activities arising
from the ECSC and RFCS coal utilisation programmes. The focus has been on promotion and dissemination of such results to
major coal-using Member States that have recently joined the European Union, namely Poland, the Czech Republic and Romania.
A comprehensive review of the scope and achievements of the ECSC and RFCS projects on coal-fired power generation RD&D has
been prepared and posted on the IEACCC website. This document has been translated by the partners in the three designated
States and disseminated to their respective national stakeholders. Workshops have been held successfully in each country to
promote the findings of the review and to determine their respective primary interests in future RD&D. The attendees have
included representatives of major power plant operators, equipment manufacturers and developers, research institutes and
universities. Very positive feedback was received from those stakeholders. The project has been completed with the circulation
of the report and associated information to comparable stakeholders in the EU-15 countries and other newer members of the
European Union via various networks and associations.

Country Scientific person in charge
IEA COAL RESEARCH LIMITED UNITED KINGDOM  Andrew MINCHENER (Pr. Coord.)
INSTITUTUL DE STUDII SI PROIECTARI ENERGETICE SA ROMANIA Carmencita CONSTANTIN
SEVEN - STREDISKO PRO EFEKTIVNI VYUZIVANI ENERGIE o.p.s. CZECH REPUBLIC Bohuslav MALEK
SILESIAN UNIVERSITY OF TECHNOLOGY - POLITECHNIKA SLASKA POLAND Andrzej SZLEK
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CERCOT

CO2 emission reduction through combustion optimisation technologies at coal-fired power plants

Type of Project Pilot& Demonstration Duration (months) 36
Total Budget 3250225 € Start Date 1/07/2006
EU Contribution 1300090 € End Date 30/06/2009

Project suspended, no final report published

This project is devoted to the development and full-scale validation of technologies for reducing CO2 emissions in pulverised coal
power plants, by means of increased efficiency and fuel flexibility strategies.

The approach to be used relies on the following complementary scopes:

- Adaptation and industrial application of a novel combustion control based on in-furnace monitoring, which was successfully
developed in a previous ECSC project for Nox optimisation.

- Development of a novel burner with higher fuel flexibility capabilities.

Fuel scenarios to be considered include combustion of different types of coals and coal/biomass cofiring.

Country Scientific person in charge
ENDESA GENERACION SA ESPANA Juan Carlos BALLESTEROS APARICIO
(Pr. Coord.)
ANSALDO CALDAIE S.p.A. ITALIA Alessandro SAPONARO
CENTRE FOR RESEARCH AND TECHNOLOGY HELLAS HELLAS Panagiotis GRAMMELIS
ECOENERGIA Sp ZOO POLAND Jan SIWINKSI
INGENIERIA ENERGETICA Y DE CONTAMINACION S.A. ESPANA Francisco RODRIGUEZ BAREA
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ABETRAP

Abatement of emissions of trace pollutants by FGD from co-combustion and environmental
characteristics of by-products

Type of Project Research Duration (months) 36
Total Budget 2324489 € Start Date 1/07/2006
EU Contribution 1394693 € End Date 30/06/2009

Project completed

Abetrapproject has studied the influence of co-firing coal and alternative fuels (29 % biomass, 4-26 % pet-coke) on speciation,
partitioning, leachability and FGD abatement capacity for trace pollutants. The identification of major problems and the
development of remediation measures have also been investigated, as well as the potential commercial uses of by-products. An
intensive characterisation programme has been executed, including seven sampling campaigns at six European power plants
feeding different fuels and with different FGD designs. Generally, co-firing is of low relevance on the aforementioned issues,
being those controlled by plant and environmental equipment operational conditions. The co-firing of high percentages of pet-
coke (26 %) may be of relevance when using a pet-coke rich in metals (resulting in hazardous PFA for landfilling). All the emissions
are below the limits established by the LCP directive, although a 29 % biomass co-firing ratio produces Cl and F emissions slightly
higher than the PRTR threshold limits. In view of that, it can be stated that up to 26-30 % co-firing of biomass and pet-coke may
be applied to power plants equipped with wet FGD systems without significant environmental concerns. Fluorine has been the
only element in gypsum exceeding the leachable limits established for non-hazardous waste landfilling without a clear influence
of co-firing. High environmental quality gypsum may be produced by preventive addition of Al-sulphate in the scrubber or by
corrective measures. Gypsum fire panels have been manufactured using some FGD-gypsum studied, having shown comparable
and even better results respecting products commercially available.

Country Scientific person in charge
ENDESA GENERACION SA ESPANA Juan Carlos BALLESTEROS APARICIO
(Pr. Coord.)
CENTRE FOR RESEARCH AND TECHNOLOGY HELLAS HELLAS Nikolaos KOUKOUZAS
AGENCIA ESTATAL CONSEJO SUPERIOR DE INVESTIGACIONES ESPANA Xavier QUEROL
CIENTIFICAS
KEMA NEDERLAND BV NEDERLAND Rudolf MEl
THE UNIVERSITY OF NOTTINGHAM UNITED KINGDOM  Mercedes MAROTO-VALER
UNIVERSIDAD DE SEVILLA ESPANA Constantino FERNANDEZ PEREIRA

Cordoba P, Font O, Izquierdo M, Querol X, Leiva C, Lopez-Antdn MA, Diaz-Somoano M, Martinez-Tarazona MR, Gomez P. Role of
the operational conditions co-combustion power plant on the retention capacity for trace inorganic species by the flue gas
desulphurisation system. Fuel, 102 (2012) 773-788.

Coérdoba P, ,Font O. Izquierdo M, Querol X, Leiva C, Lopez-Anton MA, Diaz-Somoano M, Martinez-Tarazona MR, Fernandez C,
Tomas, A. Partitioning of trace inorganic elements in a coal-fired power plant equipped with a wet Flue Gas Desulphurisation
system. Fuel, 2012, 92 (1):145-157. DOI: 10.1016/j.fuel.2011.07.025.

Cérdoba P, Font O, Izquierdo M, Querol X, Tobias A, Lopez-Antén MA, Ochoa-Gonzalez R, Diaz-Somoano M, Martinez-Tarazona
MR, Ayora C, Leiva C, Fernandez C, Giménez A. Enrichment of inorganic trace pollutants in re-circulated water streams from a wet
limestone flue gas desulphurisation system in two coal power plants. Fuel Processing Technology, 2011, 92 (9): 1764-1775.
http://dx.doi.org/10.1016/j.fuproc.2011.04.025

Ochoa-Gonzélez R, Cérdoba, P, Diaz-Somoano M, Font O, Lépez-Antdn MA, Leiva C, Martinez-Tarazona MR, Querol X, Fernandez-
Pereira C, Tomas A, Gdmez P, Mesado P. Differential partitioning and speciation of Hg in wet FGD facilities of two Spanish PCC
power plants, Chemosphere, 2011, 85 (4): 565-570. http://dx.doi.org/10.1016/j.chemosphere.2011.06.081

1JA-CSIC with the collaboration of USEV, KEMA, CERTH/ISFA and ENDESA. INTEGRATION OF THE RESULTS AND
RECOMMENDATIONS. Data: Abetrap project deliverable 6.
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FriendlyCoal

Cost effective and environmental friendly oxyfuel combustion of hard coals

Type of Project Research Duration (months) 36
Total Budget 2364382 € Start Date 1/07/2006
EU Contribution 1418630 € End Date 30/06/2009

Project completed

http://www.es.mw.tum.de/index.php?id=102

The design of today’s oxyfuel steam boilers in development aims at a similar heat transfer distribution to the water-steam cycle
as a conventional air fired boiler. With this approach the existing experiences from air fired plants can be used for the new
technology. The Friendly Coal project compared this approach with a new approach to oxyfuel combustion, which allows a
reduction of the necessary recirculation rate and promises an optimised oxyfuel boiler of the second generation. Both concepts
were looked at in detail. The new concept of Controlled Staging with Non-stoichiometric Burners (CSNB) with low recirculation
and the common concept with high recirculation were validated with experiments and simulations in pilot and medium scale
experiments. Based on the gained knowledge and validated simulation models two 300 MWth steam boilers were designed with
high and low recirculation rate. An economical evaluation of both approaches finalised the comparison.Both experimental
campaigns showed successfully the viability of the combustion processes. The design of the high recirculation boiler was possible
with only slight changes to a design for an air fired case. A more compact low recirculation boiler design with the CSNB concept
was developed with a recirculation rate of 57 %. The lower bound for the recirculation rate was due to heat transfer efficiency in
the convective boiler part, not due to inadmissible high flame temperatures. The net efficiency of the reduced recirculation
concept was 0.23 % better. The specific investment costs decrease 6 % and the electricity costs 3 % compared to the high
recirculation concept.

Country Scientific person in charge
TECHNISCHE UNIVERSITAET MUENCHEN DEUTSCHLAND Hartmut SPLIETHOFF (Pr. Coord.)
ANDRITZ ENERGY & ENVIRONMENT GmbH OESTERREICH Paul RENETZEDER
DANMARKS TEKNISKE UNIVERSITET DANMARK Anker DEGN JENSEN
ENEL INGEGNERIA E RICERCA S.p.A. ITALIA Giancarlo BENELLI
SIEMENS AG DEUTSCHLAND Joachim FRANKE
TECHNISCHE UNIVERSITAET GRAZ OESTERREICH Ulrich HOHENWARTER

A combustion concept for oxyfuel processes with low recirculation rate — Experimental validation. Combustion and Flame,
Volume 158, Issue 8, August 2011, Pages 1542—1552. http://dx.doi.org/10.1016/j.combustflame.2010.12.029

Validation of spectral gas radiation models under oxyfuel conditions—Part B: Natural gas flame experiments.
http://dx.doi.org/10.1016/].ijggc.2011.05.006. International Journal of Greenhouse Gas Control, Volume 5, Supplement 1, July
2011, Pages S66—S75.

Validation of spectral gas radiation models under oxyfuel conditions — Part C: Validation of simplified models.
http://dx.doi.org/10.1016/j.ijggc.2012.07.011. International Journal of Greenhouse Gas Control,Volume 11, November 2012,
Pages 34-51.

Validation of spectral gas radiation models under oxyfuel conditions. Part A: Gas cell experiments.
http://dx.doi.org/10.1016/].ijggc.2011.05.005. International Journal of Greenhouse Gas Control, Volume 5, Supplement 1, July
2011, Pages S76-S99.

Coal devolatilization and char conversion under suspension fired conditions in 02/N2 and 02/CO2 atmospheres.
http://dx.doi.org/10.1016/j.fuel.2010.03.019. Fuel, Volume 89, Issue 11, November 2010, Pages 3373-3380.
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CLEAN SELECTIVE

Intelligent monitoring and selective cleaning control of deposits in pulverised coal boilers

Type of Project Research Duration (months) 36
Total Budget 2073614 € Start Date 1/07/2006
EU Contribution 1244169 € End Date 30/06/2009

Project completed

Within the EU-funded project ‘Clean selective’, software and hardware sensors have been developed and used to monitor the
ash deposition in the Teruel plant. As hardware sensors in the convective section, strain gauges were applied to the hanger rods
of a superheater for the first time. Heat flux sensors were used in the furnace area to observe deposition evolution. Additionally,
3D-CFD calculations were performed for the boiler and results were used as input for the Ash Deposition Predictor developed,
which monitors the ash deposition on the surfaces as maps. The sensor signals are used to decide when and where soot-blowers
should be activated to effectively clean the heat exchangers. In the furnace section, heat flux sensor signals do not indicate the
effectiveness of soot-blowing on deposition removal. Therefore, neural network models have been developed to decide on the
activation of a soot-blower. These models are trained on historical data of soot-blowing in the furnace. In addition, the heat flux
signals are compared to the depositions maps. In the convective section, the hardware sensor indicates deposition evolution
without the location on the observed superheater. Therefore, historical data have been used to identify areas of heavy
deposition, which are compared to the maps from the ash deposition calculations. Thus a predictive tool for the detection of ash
deposition in a boiler has been developed combining hardware and software sensors. This system has been successfully tested
for a two month period, where an efficiency rise could be predicted.

Country Scientific person in charge
TECHNISCHE UNIVERSITAET MUENCHEN DEUTSCHLAND Hartmut SPLIETHOFF (Pr. Coord.)
CENTRE FOR RESEARCH AND TECHNOLOGY HELLAS HELLAS Nikolaos KOUKOUZAS
FUNDACION CIRCE- CENTRO DE INVESTIGACION DE RECURSOS Y ESPANA Cristobal CORTES GRACIA
CONSUMOS ENERG.
CLYDE BERGEMANN GmbH MASCHINEN UND APPARATEBAU DEUTSCHLAND Stephan SIMON
ENERGY RESEARCH CENTRE OF THE NETHERLANDS NEDERLAND Rob KORBEE
ENDESA GENERACION SA ESPANA Juan Carlos BALLESTEROS APARICIO

Spliethoff, H., Ballesteros, J.C., Bertrand, C., Cortes, C., Diez, L. |., Martinez, P. F. et al. Increase of boiler efficiency by means of
targeted onload cleaning utilizing information based on mathematical modelling and advanced measurement techniques. Power-
Gen Europe (2009), Pennwell

Mazuque G., Pefia B., Diez L. I., Cortés C., Teruel E. On-line Thermal Simulation of Pulverized Coal Utility Boilers for Optimized
Soot-blowing Control. European Conference on industrial furnaces and boilers (2008)

van de Kamp, W.L., Cieplik, M.K., Kalivodova J., Zagérski, T.J.: In-boiler diagnostics of Slagging and Fouling Propensity for
Pulverised Coals and Biomass/Waste Fuels at Laboratory and Full Scale. European Conference on industrial furnaces and boilers
(2008)
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OxyBurner

Development of advanced large scale low NOx oxy-fuel burner for PF combustion

Type of Project Research Duration (months) 36
Total Budget 1444391 € Start Date 1/07/2006
EU Contribution 866634 € End Date 30/06/2009

Project completed

The new oxy-fuel process offers and also requires R & D activities along the whole process chain. Still, one key component in a
highly efficient and environment-friendly combustion system is the burner. In the past, much efforts was spent to develop low-
NOX burners for all ranks of coal and to efficiently integrate such burners into advanced firing concepts such as furnace air
staging or fuel reburning. The project focuses on the development and testing of an efficient, clean, large scale low-NOX oxy-fuel
burner concept for lignite and sub-bituminous coals. In this context substantial firing system and burner parameters were
investigated in order to gather a complete evaluation of a single component (burner) and the overall potential of this new
process. Some of these parameters are listed below: e testing of an advanced low-NOx oxy-burner design (up/down scaling). ¢
oxygen injection method (pre-mixing, direct injection).  operational issues like switching from air to oxy-fuel mode and vice
versa. ¢ burner performance evaluation by using different CFD models. ¢ process evaluation by investigating different cooling
concepts. The project has combined experimental work, CFD modelling and cross validation through experimental data. The
generated up/downscaling results of a 500 kW and the 30 MWth produces results that are fruitful for commercial application.
Furthermore, in-flame measurements and operational experience regarding burner testing from a 30 MWth lignite-fired oxy-fuel
plant are presented. Two individual large-scale advanced low-NOx burner designs (swirl and jet burner) are worked out as being
applicable for lignite and medium- to high-volatility sub-bituminous coals.

Country Scientific person in charge
UNIVERSITAET STUTTGART DEUTSCHLAND Jérg MAIER (Pr. Coord.)
L'AIR LIQUIDE SA FRANCE Emmanuelle BROMET
ALSTOM POWER SYSTEMS GmbH DEUTSCHLAND Frank KLUGER
NATIONAL TECHNICAL UNIVERSITY OF ATHENS HELLAS Emmanouil KAKARAS
VATTENFALL EUROPE GENERATION AG & CO. KG DEUTSCHLAND Norbert JENTSCH
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BOFCom

Application of the biomass, oxyfuel and flameless combustion for the utilisation of pulverised coals
for electricity generation

Type of Project Research Duration (months) 42
Total Budget 1622372 € Start Date 1/07/2006
EU Contribution 973423 € End Date 31/12/2009

Project completed

This project aimed to develop efficient, low-carbon options for coal use in coal-fired power plants by integrating three
technologies: coal-biomass co-firing, oxyfuel and flameless combustion. A novel concept was developed by using: (a) lab-scale
experiments to assess the behaviour of fuels and blends under oxyfuel conditions, (b) pilot scale tests to evaluate optimised
configurations, and (c) mathematical models to study the application of the combined configuration for existing and new-build
applications. The lab-scale tests assessed deposit formation phenomena using selected coals and biomass blends. The pilot-scale
trials provided information on radiative and convective heat transfer and flame characteristics for different recirculation ratios,
giving an indication of the likely behaviour of full-scale boilers. Finally, CFD simulations were used to assess the overall effect of
retrofitting conventional full-scale power plants, making use of data generated in the experimental tasks. The results indicate
clear changes in heat transfer patterns when retrofitting oxy-fuel technology, giving rise to specific implications for flame stability
and ash deposition. These properties were measured for different coal and biomass fuels. The combination with flameless
combustion gave an indication of the effects of mixing and the impact of high CO2 levels when designing retrofit and new-build
installations. ASPENplus calculations demonstrated the increased possibilities of heat integration for retrofit boilers, due to the
higher oxyfuel combustion temperatures and the increased cooling requirements of the air and CO2 compressors. Techno-
economic studies compared the available state-of-the-art of the involved technologies and assessed the economic viability of the
combined BOFCom concept.

Country Scientific person in charge
ENERGY RESEARCH CENTRE OF THE NETHERLANDS NEDERLAND Willem VAN DE KAMP (Pr. Coord.)
INSTYTUT ENERGETYKI POLAND Tomasz GOLEC
INSTITUTO SUPERIOR TECNICO PORTUGAL Joao TOSTE AZEVEDO
RWE NPOWER PLC UNITED KINGDOM Michael WHITEHOUSE
TECHNISCHE UNIVERSITAET CLAUSTHAL DEUTSCHLAND Roman WEBER
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DENOPT

Optimisation of SCR-DeNOx catalyst performance related to deactivation and mercury oxidation

Type of Project Research Duration (months) 36
Total Budget 1887164 € Start Date 1/07/2007
EU Contribution 1061839 € End Date 30/06/2010

Project completed

The Denopt project aimed at optimising existing and developing new SCRDeNOXx catalysts applied at coal fired power plants.
Special emphasis was put on catalyst deactivation and mercury oxidation, but nevertheless NOx reduction and SO2-503
conversion were considered, too. New catalysts for high dust application were produced and tested in extensive tests in lab-scale
and bench-scale reactors. New promising materials like copper, manganese, iron and cerium were introduced into the catalyst
material and their effects on mercury oxidation, DeNOx activity and SO2-SO3 conversion were determined. Some of the
materials showed a mercury oxidation level almost twice as high at only slightly increased SO2-S03 conversion compared to a
commercial catalyst. As important parameters, the flue gas HCl content was identified. Furthermore, the interaction of DeNOx
reaction and mercury oxidation was shown with a strong influence of flue gas ammonia concentration on mercury oxidation. A
new approach of low temperature mercury oxidation catalysts with noble metal impregnation was tested and economically
analysed, showing that noble metal catalysts are powerful mercury oxidation catalysts at high cost. The effect of deactivation was
evaluated by mass balances of mercury, arsenic and phosphorous in power plants and showed the major effect and sinks of these
materials, leading to a better understanding of measures against deactivation. A 3D CFD model was developed, implemented and
calibrated, which includes relevant descriptions and their interactions for NOx-reduction, mercury oxidation and SO2-S03
conversion. The model showed good correlation at validation with measurement data of full scale power plants and forms a good
tool for power plant optimisation in the section boiler until downstream of the DeNOx catalyst.

Country Scientific person in charge
UNIVERSITAET STUTTGART DEUTSCHLAND Kevin BRECHTEL (Pr. Coord.)
ENBW ERNEUERBARE UND KONVENTIONELLE ERZEUGUNG AG DEUTSCHLAND Sven UNTERBERGER
ENEL INGEGNERIA E RICERCA S.p.A. ITALIA Gennaro DE MICHELE
E.ON NEW BUILD & TECHNOLOGY GmbH DEUTSCHLAND Jirgen BRANDENSTEIN
IBIDEN PORZELLANFABRIK FRAUENTHAL GMBH OESTERREICH Kurt OREHOVSKY
RECOM SERVICES GMBH DEUTSCHLAND Xiaohai HAN
REACTION ENGINEERING INTERNATIONAL USA Constance SENIOR

Klatt, A.: “Facts of modern SCR-catalysts: mercury oxidation and low conversion rate”, VDI-Seminar “Measurement and Reduction
of mercury emissions”, 6./7. May 2009, Diisseldorf, Germany

Schwaemmle, T., Heidel, B., Brechtel, K., Scheffknecht, G.: Study of the effect of newly developed mercury oxidation catalysts on
the DeNOx-activity and SO2-SO3- conversion, Fuel, Volume 101, November 2012, Pages 179-186, ISSN 0016-2361. DOI:
10.1016/j.fuel.2010.11.043

Brechtel, K., Stack-Lara, V. Scheffknecht, G.: Einfluss der Zusammensetzung von SCR-DeNOx-Katalysatoren auf die
Quecksilberoxidation (Influence of catalyst composition on mercury oxidation). VGB conference ,chemistry in power plants, 28.-
30.10.2008, Friedrichshafen, Germany

Thorwarth H., Risio B., Brechtel K. “Einfliisse auf die Hg-Oxidation an SCR-Katalysatoren” (“Influence on mercury oxidation at SCR-
catalysts”), VDI-Seminar Measurement and Reduction of mercury emissions”, 6./7. May 2009, Dusseldorf, Germany

Brechtel, K., Stack-Lara, V., Scheffknecht, G.: Mercury Behaviour and SO2-SO3-Conversion over New Developed high-dust SCR-
Catalysts by Investigations in a 500kWth Test Facility. VGB conference ,,chemistry in power plants”, 27.-29.10.2009, Dresden,
Germany
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ECO-Scrub

Enhanced capture with oxygen for scrubbing of CO2

Type of Project Research Duration (months) 39
Total Budget 2591775 € Start Date 1/07/2007
EU Contribution 1555064 € End Date 30/09/2010

Project completed

The project aims to develop a low-cost option for carbon capture in existing modern coal-fired power plants. The concept, known
as ECO-Scrub, uses a novel combination of techniques employed in CO2 capture, such as oxygen enrichment and post-
combustion solvent scrubbing, together with measures to increase efficiency, reduce steam consumption and generate power
requirements. The project work involved development of the process, module integration and optimisation for lignite- and coal-
fired power plants through programmes of laboratory- and pilot-scale tests, simulation modelling studies, literature reviews and
collation of power plant performance data. The ECO-Scrub system was shown to be technically and economically feasible for
retrofitting existing power plants for CO2 capture and sequestration. Optimising the oxygen enrichment level and the rate at
which the flue gas is recycled were key parameters for achieving satisfactory combustion characteristics, low NOX emissions and
improved heat transfer characteristics, and avoiding ash deposition problems. Preferentially enriching the staged air system with
oxygen was an effective option for NOX control. A pilot-scale combustion test facility with oxyfuel capability, simulated flue gas
recycling and equipped with a pilot-scale amine solvent scrubbing plant was used to evaluate the flexibility of the ECO-Scrub
process and solvent performance. Membrane separation systems were shown to be promising alternatives to conventional CO2
capture methods for enriched CO2 flue gas. The cost and efficiency penalties for the ECO-Scrub process were comparable to
those for post-combustion capture and oxyfuel combustion, however ECO-Scrub was shown to be more attractive as a retrofit
option.

Country Scientific person in charge
RWE NPOWER PLC UNITED KINGDOM Gerry RILEY (Pr. Coord.)
ARTISTOTLE UNIVERSITY OF THESSALONIKI HELLAS George SAKELLAROPOULOS
CENTRE FOR RESEARCH AND TECHNOLOGY HELLAS HELLAS Panagiotis GRAMMELIS
AGENCIA ESTATAL CONSEJO SUPERIOR DE INVESTIGACIONES ESPANA José Manuel ANDRES GIMENO
CIENTIFICAS
ENERGY RESEARCH CENTRE OF THE NETHERLANDS NEDERLAND Willem VAN DE KAMP
PUBLIC POWER CORPORATION S.A. HELLAS Leandros GEORGOULIS
RWE POWER AG DEUTSCHLAND Matthias KRUMBECK
UNIVERSITY OF LEEDS UNITED KINGDOM Bernard GIBBS
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MERCURYCAP

High capacity sorbents and optimization of existing pollution control technologies for mercury
capture in industrial combustion systems

Type of Project Research Duration (months) 36
Total Budget 2479480 € Start Date 1/10/2007
EU Contribution 1487687 € End Date 30/09/2010

Project completed

The MERCURYCAP project addressed the global problem of mercury emissions from coal-fired plants and the current position of
conventional air pollution control devices, providing a partial solution for mercury capture. Two different routes were proposed
and investigated for mercury capture and oxidation: (1) promising mercury sorbents, and (2) oxidation catalyst materials.
Extensive injection testing programmes for mercury sorbents at pulverised fuel and fluidised bed combustion facilities were
conducted to evaluate the performance of the developed materials. The HGC15-Lancaster and HGCO3- Centre sorbents
developed from gasification of mixed paper and plastic wastes were promising sorbents and could offer an alternative to
commercial activated carbon sorbents. Moreover, HGC02-Berks sorbent, a char sorbent from clean wood gasification, showed
very good performance in the full-scale tests. The preliminary evaluation of the potential commercialisation of the proposed
sorbents suggested that the sorbent costs should be evaluated by analysing the sorbent consumption, capital and
operating/maintenance costs and by-product management and disposal. Characterisation and evaluation of selective catalytic
reduction (SCR) and manganese oxide modified SCR catalysts were undertaken to understand the effect of the addition of a
mercury oxidation component on the catalyst and their performance for mercury oxidation/adsorption. Manganese-impregnated
samples presented higher mercury adsorption than their undoped precursors and enhanced mercury adsorption of SCR catalysts.
Commercial SCR catalysts coated with different active metals were produced and their performance tested in a pilot-scale unit.
The optimal temperature for a high mercury conversion rate ranged between 300 and 350 °C and increasing SO2 concentrations
slightly enhanced the mercury conversion rate.

Country Scientific person in charge

THE UNIVERSITY OF NOTTINGHAM UNITED KINGDOM Mercedes MAROTO-VALER (Pr.
Coord.)

CENTRO DE INVESTIGACIONES ENERGETICAS MEDIOAMBIENTALES  ESPANA Alberto BAHILLO
Y TECNOLOGICAS
AGENCIA ESTATAL CONSEJO SUPERIOR DE INVESTIGACIONES ESPANA M. Rosa MARTINEZ-TARAZONA
CIENTIFICAS
ENERGY RESEARCH CENTRE OF THE NETHERLANDS NEDERLAND Jacob H.A. KIEL
ENEL INGEGNERIA E RICERCA S.p.A. ITALIA Gennaro DE MICHELE
HULLERAS DEL NORTE, S.A. ESPANA Luis DIAZ FERNANDEZ
JOHNSON MATTHEY PLC UNITED KINGDOM Dave THOMPSETT
UNIVERSITAET STUTTGART DEUTSCHLAND Kevin BRECHTEL

M. Rallo, B. Heidel, K. Brechtel, M. M. Maroto-Valer, Effect of SCR operation variables on mercury speciation, Chemical
Engineering Journal, 2012, 198-199, 87-94 DOI: 10.1016/j.cej.2012.05.080.

P. Abad-Valle, M.A. Lopez-Anton, M. Diaz-Somoano, R. Juan, B. Rubio, J.R. Garcia, S.A. Khainakov, M.R. Martinez-Tarazona,
Influence of iron species present in fly ashes on mercury retention and oxidation, FUEL Volume: 90 Issue: 8, 2808-2811 DOI:
10.1016/j.fuel.2011.04.031

A. Fuente-Cuesta, M.A. Lopez-Anton, M. Diaz-Somoano, A.van Zomeren, M. Cieplik, M.R. Martinez-Tarazona, Leaching of major
and trace elements from paper—plastic gasification chars:An experimental and modelling study, Journal of Hazardous Materials,
Volume: 244, 70-76 DOI: 10.1016/j.jhazmat.2012.11.026.

A. Fuente-Cuesta, M. Diaz-Somoano, M.A. Lopez-Anton, M. Cieplik, J.L.G. Fierro, M.R. Martinez-Tarazona, Biomass gasification
chars for mercury capture from a simulated flue gas of coal combustion, Journal of Environmental Management, Volume: 98, 23-
28 DOI: 10.1016/j.jenvman.2011.12.013

B. Lobato, M.A. Lopez-Anton, M. Diaz-Somoano, L. Diaz and R. Martinez-Tarazona, 2009. The behaviour of mercury in a CFBC
plant. 9th International Conference on Mercury as a Global pollutant, Guiyang, China
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ECLAIR

Emission free chemical looping coal combustion process

Type of Project Pilot& Demonstration Duration (months) 54
Total Budget 6421724 € Start Date 1/07/2008
EU Contribution 2270771 € End Date 31/12/2012

Project completed, final report not published yet

Chemical-looping combustion (CLC) for coal is a zero-emission technology, combining very low efficiency penalty (2-3%) and low
CO2 capture cost, about 10€/ton CO2. Key issues for coal-CLC are: adequate technical solutions to reactors/surrounding systems;
oxygen-carrier performance/behaviour and interaction with fuel; actual demonstration of technology.

The proposal involves scale-up to 1-MW:th pilot and experimental/theoretical work to provide basis for design and optimization.
This includes investigation of oxygen-carrier interaction with fuel and long-term stabilility; development of tools/models to
identify best reactor design and process layout; solutions for emission control; testing in 1-MW?th plant and technical,
environmental and economical assessment including 450-MW unit.

Country Scientific person in charge
ALSTOM BOILER France FRANCE Corinne BEAL (Pr. Coord.)
L'AIR LIQUIDE SA FRANCE Christophe CLAEYS
ALSTOM SWITZERLAND LTD SUISSE Michal BIALKOWSKI
AGENCIA ESTATAL CONSEJO SUPERIOR DE INVESTIGACIONES ESPANA Juan ADANEZ
CIENTIFICAS
CHALMERS TEKNISKA HOGSKOLA AB SVERIGE Anders LYNGFELT
STIFTELSEN SINTEF NORGE Rune BREDESEN
TECHNISCHE UNIVERSITAT DARMSTADT DEUTSCHLAND Bernd EPPLE
VATTENFALL RESEARCH AND DEVELOPMENT AB SVERIGE Marie ANHEDEN

Linderholm, C., Lyngfelt, A., Cuadrat, A., and Jerndal, E., Chemical-looping combustion of solid fuels — operation in 10 kW unit
with two fuels, above-bed and in-bed fuel feed and two oxygen carriers, manganese ore and ilmenite, Fuel 102 (2012) 808-822

Performance of CLOU process in the combustion of different types of coal with CO2 capture. I. Addnez-Rubio, A. Abad?, P. Gayan,
L.F. de Diego, F. Garcia-Labiano, J. Addnez. International Journal of Greenhouse Gas Control 12 (2013) 430-440.

Markstrém, P., Linderholm, C., and Lyngfelt, A., Chemical-looping combustion of solid fuels - Design and operation of a 100 kW
unit with bituminous coal, Int. Journal of Greenhouse Gas Control 15 (2013) 150-162

M. Orth, J. Strohle, B. Epple: Design and operation of a coal-fired 1 MWth chemical looping pilot plant, 2nd Int. Conf. on Chemical
Looping, Darmstadt, 2012

Beal C. and al, Development of Metal Oxides Chemical Looping Process for Coal-Fired Power Plants, 2nd Int.Conf. on Chemical
Looping, Darmstadt, 2012
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SMARTBURN

Intelligent control and optimisation of power station boilers firing pulverised coal and coal/biomass
blends

Type of Project Research Duration (months) 36
Total Budget 1467226 € Start Date 1/07/2008
EU Contribution 880337 € End Date 30/06/2011

Project completed

The Smartburn project was designed to increase the amount of biomass used in utility power stations. The project enabled this
by focussing on the problem of combustion instability which can occur during the co-firing of coal and biomass and in its severest
form can lead to flame extinction. As a result of poor combustion high emissions of CO or NOx may emanate from the burner. In
order to co-fire higher concentrations of biomass a system was required that could provide warning of these conditions. The
objective of the Smart burn project was the development of an innovative ‘intelligent’ monitoring, control and optimisation
system to control coal/biomass fired burners. The system developed is based on the remote monitoring of individual flames using
sensors that detect the spectral emissions of the combustion flame in the ultra-violet (UV), infra-red (IR) and visible (VIS) bands
and the application of thermo-acoustic sensors was also investigated. Advanced signal processing was applied based on joint
time-frequency methods and an Artificial Neural Network (ANN) was used to identify characteristics that could be related to
operational parameters such as local air/fuel ratio, NOx emissions, and flame stability. The developed system was successfully
tested at pilot scale (500 kWt) and on a full scale power plant (burner 20 MWt) where the ability of the system to monitor and
optimise the combustion for a variety of unseen coal/biomass blends was demonstrated. It was also demonstrated how the
system could be applied to balance air/fuel supply to multi-burner applications and detect potential flame out conditions.

Country Scientific person in charge
UNIVERSITY OF GLAMORGAN UNITED KINGDOM Steven WILCOX (Pr. Coord.)
GAS NATURAL SDG ESPANA Jests Maria GONZALEZ GARCIA
INSTYTUT ENERGETYKI POLAND Tomasz GOLEC
INDRA SISTEMAS SA ESPANA Ana Isabel GALVEZ
UNIVERSIDAD DE ZARAGOZA ESPANA Javier BALLESTER CASTANER

Paliappan, V. and Wilcox S.J. ‘Controlling Utility Boiler Burners Co-Firing Biomass’. Presented at the ASME IDETC/CIE Conference,
August 2012, Chicago, USA.

Paliappan, V., Wilcox S.J. and Jagiello, K. The Monitoring and Control of Burners Co-firing Coal and Biomass using Joint Time-
Frequency Methods. Presented at the British Flame Research Committee in Collaboration with the Coal Research Forum and the
University of Kent, Technical Meeting on Combustion Diagnostics, Control, Computational Methods & Process Optimisation at the
University of Kent at Canterbury, Thursday 2nd May 2013.

Wilcox S.J. Invited Presentation at the 24th Annual Meeting and Meeting of the Environment Division held in Collaboration with
the Royal Society of Chemistry Energy Sector, 10th April 2013 at Cranfield University.

Garcia-Armingol T., Ballester J., Smolarz A. Chemiluminescence-based sensing of flame stoichiometry: Influence of the
measurement method Measurement’ (accepted) http://dx.doi.org/10.1016/j.measurement.2013.06.008

Smolarz A., Kotyra A., Wéjcik W., Ballester J. ‘Advanced diagnostics of industrial pulverized coal burner using optical methods and
artificial intelligence’, Experimental Thermal and Fluid Science, Vol. 43, pp82-89, 2012.
http://dx.doi.org/10.1016/j.expthermflusci.2012.04.001
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OXYCORR

Boiler corrosion under oxy-fuel conditions

Type of Project Research Duration (months) 36
Total Budget 1956218 € Start Date 1/09/2009
EU Contribution 1173730 € End Date 31/08/2012

Project completed

http://oxycorr.eu-projects.de

The OxyCorr project was run from 1 September 2009 to 31 August 2012 in the frame of the grant (RFCR-CT-2009-00005) obtained
from the Research Fund for Coal and Steel of the European Commission. The consortium encompassed four industrial partners:
alloy and tube manufacturer Outokumpu, power plant vendor Alstom, two utilities: Vattenfall and Enel as well as two research
entities: University of Stuttgart Institute of Combustion and Power Plant Technology (IFK) and Swerea KIMAB. IFK was co-
ordinating the OxyCorr project. The primary objective of the OxyCorr project is the evaluation of deposit and material-related
limitations on the boiler performance and lifetime of highly efficient, CO2-lean, oxyfuel operated power plants in order to
determine the usability of advanced and conventional boiler materials. Highly dedicated experimental and theoretical
investigations have focused on the evaluation and assessment of high and low temperature related deposit and corrosion
problems as well as influence on flue gas cleaning appliances such as ESP. The impact of varying combustion parameters on the
flue gas composition and their further effect on the corrosion process were studied and evaluated. Two bituminous coals and
three various lignite qualities were tested in a 3MW and a 0.5MW test rig respectively. More than 60 material rings were exposed
using corrosion probes in combustion chambers of both test rigs and more than 20 metal coupons were positioned in the flue gas
ducts. Simultaneous long-term corrosion tests were run in four independent laboratories, generating almost 200 specimens. Both
oxidising and reducing conditions were considered. The chosen parameters should depict operation in a USC-steam regime.
Additionally, tests simulating behaviour of 12 alloys and a coating in the cold end of a power plant were performed resulting in
more than 100 specimens. The results obtained in the project are aimed at use in the development and assessment of advanced
process layout and boiler design strategies that should enhance plant efficiency and reduce maintenance costs of oxyfuel power
stations

Country Scientific person in charge
UNIVERSITAET STUTTGART DEUTSCHLAND Jorg MAIER (Pr. Coord.)
ALSTOM BOILER DEUTSCHLAND GmbH DEUTSCHLAND Frank KLUGER
ENEL INGEGNERIA E RICERCA S.p.A. ITALIA Nicola ROSSI
SWEREA KIMAB AB SVERIGE Peter VIKLUND
OUTOKUMPU STAINLESS AB SVERIGE Rachel PETTERSSON
VATTENFALL RESEARCH AND DEVELOPMENT AB SVERIGE Pamela HENDERSON

G. Stein-Brzozowska, R. Norling, P. Viklund, J. Maier, G. Scheffknecht. Fireside corrosion during oxyfuel combustion considering
various SO2 contents. Proceedings: The 7th Trondheim CCS Conference (TCCS-7), June 4-6, 2013. Paper under revision to be
published by Energy Procedia. http://tccs-
7.exordo.com/data/paper_attachments/94/final_draft/20130410_Abstract_IFK_KIMAB_as_uploaded_rev.pdf

G. Stein-Brzozowska, J. Maier, G. Scheffknecht, D. Cumbo, S. Masci, E. Tosi, G. Corraggio, M. Faleni, L. Biasci. Fireside Corrosion of
Applied and Modern Superheater- Alloys under Oxy-Fuel Conditions. Proceedings: 11th International Conference on Greenhouse
Gas Control Technologies GHGT-11, 18. - 22.11.2012, Kyoto, Japan, 2012. Paper under revision to be published by Energy
Procedia. http://www.ghgt.info/index.php/Content-GHGT11/session-6-tues-20th.html

D. Cumbo, N. Rossi, E. Tosi, G. Stein-Brzozowska, E. Miller, J. Maier, G. Scheffknecht, P. Viklund. Corrosion of candidate
superheater materials during oxy-fuel conditions - Pilot plant and laboratory investigations. Conference proceedings: 2nd Oxy-
fuel Combustion Conference, September 12 - 16, 2011, Yeppoon, Australia, 2011

G. Stein-Brzozowska, S. Babat, J. Maier, G. Scheffknecht. Influence of oxy-coal on fly ash transformations and corrosion behaviour
of heat exchangers. Conference proceedings: 2nd Oxy-fuel Combustion Conference, September 12 - 16, 2011, Yeppoon, Australia.
2011

G. Stein-Brzozowska, S. Babat, J. Maier, G. Scheffknecht. Deposition Behavior and Superheater Corrosion under Coal Fired
Oxyfuel Conditions. Conference proceedings: Special Workshop on Oxyfuel Combustion Addressing SO2/S03/Hg and Corrosion
Issues. January 25 — 26, 2011. London. http://sacccs.org.za/wp-
content/uploads/2013members/Special%20Workshop%200xyfuel%20Combustiuon%20-%20Addressing%20S02-SO3-
Hg%20Corrosion%20lIssues%20in%200xyfuel%20Combustion%20Boiler%20and%20Flue%20Gas%20processing%20Units%20-
%202011-18.pdf
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CARINA

Carbon capture by means of indirectly heated carbonate looping process

Type of Project Research Duration (months) 51
Total Budget 2458416 € Start Date 1/07/2010
EU Contribution 1475050 € End Date 30/09/2014

Running project

www.est.tu-darmstadt.de/RFCS-CARINA

Standard carbonate looping promises low energy penalties for post-combustion CO2-capture and is particularly suited for
retrofitting existing power plants. The heat for calcination can be provided by supplementary coal firing with oxygen leading to
energy penalties and additional investment costs for air separation. The objective of this project is to investigate and test a new
concept with an indirectly heated calciner using heat pipes, offering even higher plant efficiency and lower CO2 avoidance costs
than the oxy-fired standard carbonate looping process. The work programme includes design of the heat exchanger system with
heat pipes, process cycle calculations, testing in 1IMWth scale, and up-scaling studies for real plants.

Country Scientific person in charge
TECHNISCHE UNIVERSITAT DARMSTADT DEUTSCHLAND Bernd EPPLE (Pr. Coord.)
FISIA-BABCOCK ENVIRONMENT GMBH DEUTSCHLAND Ulrich PRIESMEIER
GROSSKRAFTWERK MANNHEIM AG DEUTSCHLAND Karl-Heinz CZYCHON
HIGHTERM RESEARCH GMBH DEUTSCHLAND Andreas SCHWEIGER
LHOIST RECHERCHE ET DEVELOPPEMENT SA BELGIQUE Thierry CHOPIN
TECHNISCHE UNIVERSITAET GRAZ OESTERREICH Christoph BAUMHAKL
FRIEDRICH-ALEXANDER UNIVERSITAT ERLANGEN NURNBERG DEUTSCHLAND Jurgen KARL

D. Hoftberger, J. Karl : Self-Fluidization in an Indirectly Heated Calciner, Chemical Engineering & Technology, Volume 36, Issue 8,
August, 2013, DOI: 10.1002/ceat.201300111

M. Junk, M. Reitz, J. Strohle, B. Epple : Thermodynamic evaluation and cold flow model testing of an indirectly heated carbonate
looping process, Chemical Engineering & Technology, Volume 36, Issue 8, August, 2013, DOI: 10.1002/ceat.201300019
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DEVCAT
Development of high performance SCR-catalysts related to different fuel types

Type of Project Research Duration (months) 36
Total Budget 2359856 € Start Date 1/07/2010
EU Contribution 1415913 € End Date 30/06/2013

Project completed, final report not published yet

http://devcat.eu-projects.de

The DEVCAT proposal addresses the topic of “technological improvements targeting enhanced efficiency of coal fired power
plants” related to an efficient reduction of NOx-, SO3- and Hgemissions.

The goal of the project is to develop special SCR-DeNOx-catalysts for coal, bio-fuel

and co-combustion with respect on efficient NOx-reduction, high mercury oxidation and low SO2- SO3-conversion. Therefore
based on the further development of existing catalyst technology, innovative catalyst designs for bio-fuel applications or the use
of nano-technology is applied. With respect to modified SCR-technology, also the effect on downstream air pollution control
devices like FGD systems is investigated. Furthermore a 3D-CFD model is used and improved for the modelling of the SCR-system.

Country Scientific person in charge
UNIVERSITAET STUTTGART DEUTSCHLAND Barna HEIDEL (Pr. Coord.)
ENBW ERNEUERBARE UND KONVENTIONELLE ERZEUGUNG AG DEUTSCHLAND Harald THORWARTH
ENEL INGEGNERIA E RICERCA S.p.A. ITALIA Sauro PASINI
E.ON NEW BUILD & TECHNOLOGY GmbH DEUTSCHLAND Jirgen BRANDENSTEIN
IBIDEN PORZELLANFABRIK FRAUENTHAL GMBH OESTERREICH Kurt OREHOVSKY
RECOM SERVICES GMBH DEUTSCHLAND Xiaohai HAN

Schwaemmle, T., Bertsche, F., Hartung, A., Brandenstein, J., Heidel, B., Scheffknecht, G.: Influence of geometrical parameters of
honeycomb commercial SCR-DeNOx-catalysts on DeNOx-activity, mercury oxidation and SO2/SO3-conversion, Chemical
Engineering Journal, 222, 2013, p. 274-281 (DOI: 10.1016/j.cej.2013.02.057)

B. Risio, X. Han, M. Hilber, H. Thorwarth: “Industrial scale assessment of the predictive quality of a 3D-CFD model for SCR DeNOx-
catalysts, VGB Powertech, 10, 2012, p. 74-79

Quecksilberoxidation in Kraftwerksabgasen mittels Katalysatoren (Mercury oxidation in flue gasese of power plants by
catalysts)"", VDI Emissionsminderung 2012, 19th — 20th June 2012, Nirnberg, Germany (presentation and paper)"

“SCR-DeNOx-catalyst development towards high-performance catalysts related to different fuel types”, 9th mercury emission
from coal, 22nd — 23rd May 2012, St. Petersburg, Russia (presentation)

“Synergie bestehender Rauchgasreinigungsanlagen bei der Quecksilberabscheidung (Synergies of existing air pollution control
devices related to mercury retention)”, VDI Wissensforum ,Messung und Minderung von Quecksilber-Emissionen”, April 2013
(presentation and paper)
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CAL-MOD

Modelling and experimental validation of calcium looping CO?*capture process for near-zero CO?-
emission power plants

Type of Project Research Duration (months) 36
Total Budget 2007454 € Start Date 1/10/2010
EU Contribution 1204473 € End Date 30/09/2013

Project completed, final report not published yet

http://cal-mod.eu-projects.de

The Calcium Looping (CaL) process is a post-combustion CO2 capture route. This project aims to develop advanced simulation
tools for industrial process application. Issues of sorbent attrition, sulphation and reactivation are assessed. Kinetic parameters
are incorporated to a sorbent model, providing the basis for the CFD carbonator, regenerator models. CFD models are validated
against bench-scale experimentation results. Their input will be used for a process and steam cycle model regarding reference
plants and leading to design rules. Synergy with the cement industry is beneficial. A techno-economic analysis and basic
engineering of such systems will bring the process close to commercialization.

Country Scientific person in charge
UNIVERSITAET STUTTGART DEUTSCHLAND Heiko DIETER (Pr. Coord.)
ANDRITZ ENERGY & ENVIRONMENT GmbH OESTERREICH Giinter GRONALD
CENTRE FOR RESEARCH AND TECHNOLOGY HELLAS HELLAS Panagiotis GRAMMELIS
CONSIGLIO NAZIONALE DELLE RICERCHE ITALIA Riccardo CHIRONE
ENBW ERNEUERBARE UND KONVENTIONELLE ERZEUGUNG AG DEUTSCHLAND Sven UNTERBERGER
ENEL INGEGNERIA E RICERCA S.p.A. ITALIA Cristiana LA MARCA
TITAN CEMENT COMPANY AE HELLAS Emmanuel CHANIOTAKIS
POLITECHNIKA WROCLAWSKA - WROCLAW UNIVERSITY OF POLAND Halina PAWLAK KRUCZEK

TECHNOLOGY

A. Coppola, F. Montagnaro, P. Salatino, F. Scala. Attrition of limestone during fluidized bed calcium looping cycles for CO2
capture. Combustion Science & Technology, 184 (2012) 929-941. DOI 10.1080/00102202.2012.663986. URL
http://www.tandfonline.com/doi/abs/10.1080/00102202.2012.663986

A. Coppola, F. Montagnaro, P. Salatino, F. Scala. Fluidized bed calcium looping: the effect of SO2 on sorbent attrition and CO2
capture capacity. Chemical Engineering Journal, 207-208 (2012) 445-449. DOI 10.1016/j.cej.2012.06.149. URL
http://www.sciencedirect.com/science/article/pii/S1385894712008893

K. Atsonios, A. Nikolopoulos, S. Karellas, N. Nikolopoulos, P. Grammelis, E. Kakaras. Numerical investigation of the grid spatial
resolution and the anisotropic character of EMMS in CFB multiphase flow., Chemical Engineering Science (2011), 66 (17), 3979-
3990 DOIi: 10.1016/j.ces.2011.05.024 URL http://www.sciencedirect.com/science/article/pii/S0009250911003332

Nikolopoulos, N. Nikolopoulos, A. Charitos, P. Grammelis, E. Kakaras, A.R. Bidwe, G. Varela. High resolution 3-D full-loop
simulation of a CFB carbonator cold model. Chemical Engineering Science 90 (2013) 137-150 DOI 10.1016/j.ces.2012.12.007 URL
http://www.sciencedirect.com/science/article/pii/S0009250912006987

Vorrias, K. Atsonios, A. Nikolopoulos, N. Nikolopoulos, P. Grammelis, E. Kakaras. Calcium looping for CO2 capture from a lignite
fired power plant. Fuel (2013). DOI 10.1016/j.fuel.2012.12.087 URL
http://www.sciencedirect.com/science/article/pii/S0016236113000033
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ENCIO

European network for component integration and optimisation

Type of Project Pilot& Demonstration Duration (months) 72
Total Budget 23886488 € Start Date 1/07/2011
EU Contribution 9554596 € End Date 30/06/2017

Running project

http://www.encio.eu

The key goal of ENCIO is to concentrate all scientific and technological efforts to make the 700°C technology ready for
deployment in coal fired power plants. ENCIO is an important step before the erection of a 700°C power plant can start. This step
consists of the installation of a test facility in Fusina, at an ENEL power plant in Italy. The project will focus on practical
investigations, aiming at proving manufacturing, welding, repair and life-time concepts for thickwalled components. ENCIO can
be seen as perfect transition from pilot towards demo features.

Country Scientific person in charge
VGB POWERTECH e.V. DEUTSCHLAND Christian STOLZENBERGER (Pr. Coord.)
CENTRO SVILUPPO MATERIALI SPA ITALIA Paolo FOLGARAIT
ENEL PRODUZIONE S.p.A. ITALIA Leonardo ARRIGHI
ENEL INGEGNERIA E RICERCA S.p.A. ITALIA Sauro PASINI
MITSHUBISHI HITACHI POWER SYSTEMS EUROPE GmbH DEUTSCHLAND Marc JEDAMZIK
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DCFC

Efficient conversion of coal to electricity - direct coal fuel cells

Type of Project Research Duration (months) 36
Total Budget 2030301 € Start Date 1/07/2011
EU Contribution 1218181 € End Date 30/06/2014

Running project

Direct electrochemical conversion of coal to electricity offers very significant increases in efficiency with consequent reductions
in CO2 emissions coupled with facilitated sequestration possibilities. Our recent laboratory tests have shown that Direct Carbon
Fuel Cells (DCFC) can exceed commercial MCFC performance levels. Here we seek to apply DCFC technologies to coal conversion.
We will develop these coal DCFCs increasing scale, improving cell design, seeking new active and conductive structure and
surface promoted catalysts, addressing durability, investigating coal source and optimising coal processing for this application.
Performance will be evaluated throughout the project and recommendations

made for a commercial-scale demonstrator.

Country Scientific person in charge
THE UNIVERSITY COURT OF THE UNIVERSITY OF ST ANDREWS UNITED KINGDOM John IRVINE (Pr. Coord.)
AGENCIA ESTATAL CONSEJO SUPERIOR DE INVESTIGACIONES ESPANA Ana ARENILLAS
CIENTIFICAS
DANMARKS TEKNISKE UNIVERSITET DANMARK Peter HOLTAPPELS
PANEPISTIMIO DYTIKIS MAKEDONIAS - UNIVERSITY OF WESTERN HELLAS George MARNELLOS
MACEDONIA
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FLOX-COAL-II

Development of scale-up methodology and simulation tools for the demonstration of PC-FLOX
burner technology in full-scale utility boilers

Type of Project Research Duration (months) 36
Total Budget 2690872 € Start Date 1/07/2011
EU Contribution 1614524 € End Date 30/06/2014

Running project

http://floxcoal2.eu-projects.de

This project aims to develop a scale-up methodology and simulation tools which are required for the implementation of
Pulverised-Coal Flameless Oxidation (PC-FLOX) burners in utility plants. Substantial pilot (0.5 MWth) experimental investigation
will be the backbone in order to support the development and validation of scale-up methodology and CFD FLOX-specific sub-
models.

To develop simulation tools, these CFD FLOX-specific sub-models will be integrated into commercial CFD codes. A CFD modelling,
experimental results and industrial partners’ expertise will lead to the development of the scale-up methodology for full-scale PC-
FLOX burners. A CFD study and techno-economic analysis of utility plants operated with PC-FLOX burners will be carried out.

Country Scientific person in charge
UNIVERSITAET STUTTGART DEUTSCHLAND Max. WEIDMANN (Pr. Coord.)
DOOSAN BABCOCK LIMITED UNITED KINGDOM  Greg SIMS
ENBW ERNEUERBARE UND KONVENTIONELLE ERZEUGUNG AG DEUTSCHLAND Sven UNTERBERGER
INSTYTUT ENERGETYKI POLAND Bartosz SWIATKOWSKI
INSTITUT NATIONAL DES SCIENCES APPLIQUEES DE ROUEN FRANCE David HONORE
PGE GORNICTWO | ENERGETYKA KONWENCJONALNA SA POLAND Krzysztof FUZOWSKI
RHEINISCH-WESTFALISCHE TECHNISCHE HOCHSCHULE AACHEN DEUTSCHLAND Reinhold KNEER
WS WARMEPROZESSTECHNIK GmbH DEUTSCHLAND Joachim G. WUNNING
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ACCLAIM

Advanced coal chemical-looping combustion, aiming at highest performance

Type of Project Pilot& Demonstration Duration (months) 30
Total Budget 3200765 € Start Date 1/07/2012
EU Contribution 1591434 € End Date 31/12/2014

Running project

www.sintef.no/acclaim

Chemical-looping combustion (CLC) for coal is a zero-emission technology, combining very low efficiency penalty (2-3%) and low
CO2 capture cost, potentially as low as 10 €/ton CO2. Key issues for coal-CLC are: adequate technical solutions to
reactors/surrounding systems; oxygen-carrier performance/behaviour and interaction with fuel; actual demonstration of
technology. The proposal builds on the great advances made in the ECLAIR project and the unique CLC solid fuel pilots developed
and built. ECLAIR has clearly demonstrated the feasibility of the technology, but also that it would be an important advantage if
process performance could be further improved. Such improvement primarily concerns the incomplete gas conversion and the
corresponding need for oxypolishing of CO2 product gas. The proposal focuses on options to improve gas conversion with either
new oxygen carriers, or with more advanced fuel reactor design. A number of oxygen carrier materials expected to give radical
improvements in performance are known, but have not been sufficiently tested. The programme involves prequalification tests
of such materials under sustained continuous operation in smaller chemical-looping combustors, 1-10 kW. Best candidates will
be further tested in 100 kW and 1 MW pilots. Advanced fuel reactor designs will be investigated in cold flow model experiments
combined with use of validated models in order to assess options to improve gas conversion. Proposal also involves update and
review of downstream gas treatment and full-scale power plant design, as well as studies of the fate and influence of sulphur and
nitrogen in the fuel, depending on oxygen carrier. The project is expected to have very great impact because it aims at
demonstrating significant advances of the chemical-looping technology for solid fuel. Thus, it is expected to demonstrate how the
potential for very fundamental reductions of energy penalty and CO2 capture costs can be realized.

Country Scientific person in charge
CHALMERS TEKNISKA HOGSKOLA AB SVERIGE Anders LYNGFELT (Pr. Coord.)
ALSTOM BOILER France FRANCE Corinne BEAL
BASF SE DEUTSCHLAND Philipp GRUENE
AGENCIA ESTATAL CONSEJO SUPERIOR DE INVESTIGACIONES ESPANA Juan ADANEZ
CIENTIFICAS
STIFTELSEN SINTEF NORGE Rune BREDESEN
TECHNISCHE UNIVERSITAT DARMSTADT DEUTSCHLAND Bernd EPPLE
TECHNISCHE UNIVERSITAET WIEN OESTERREICH Tobias PROLL

T. Mendiara, L. F. de Diego, F. Garcia-Labiano, P. Gayan, A. Abad , J. Adanez , Behaviour of a bauxite waste material as oxygen
carrier in a 500Wth CLC unit with coal, submitted for publication

P. Gayan, Alberto Abad, L.F. de Diego, F. Garcia-Labiano, J. Addnez , Assessment of technological solutions for improving Chemical
Looping Combustion of solid fuels with CO2 capture, submitted for publication

D. Guio-Pérez, T. Proll, H. Hofbauer, Solids residence time distribution in the secondary reactor of a dual circulating fluidized bed
system, submitted for publication

T. Mendiara, A. Abad, L. F. de Diego, F. Garcia-Labiano, P. Gayan, J. Addnez, Biomass combustion in a CLC system using an iron ore
as oxygen carrier, submitted for publication

I. Adanez-Rubio, A. Abad, P. Gayan, L. F. de Diego, F. Garcia-Labiano, J. Addnez, Biomass combustion with CO2 capture by
Chemical Looping with Oxygen Uncoupling (CLOU) , submitted for publication
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RECaL

Novel calcium looping CO2 capture process incorporating sorbent reactivation by recarbonation

Type of Project Research Duration (months) 36
Total Budget 2697943 € Start Date 1/07/2012
EU Contribution 1618765 € End Date 30/06/2015

Running project

www.recal»gro'ect.eu

This project will develop a new sorbent regeneration technique for postcombustion Calcium Looping CO2 capture systems, that
could reduce to near zero the net sorbent requirements and further reduce operating cost and energy penalties. The novel
method (patent application in 2011) is based on the re- carbonation of carbonated particles with pure CO2, and the use of solids
purges for flue gas desulfurization. An intense R&D programme is proposed to close existing gaps of knowledge, design, build and
test the concept in an existing large calcium looping pilot (1.7MW1) as well as to conduct process simulation and economic
estimations at large scale.

Country Scientific person in charge
ENDESA GENERACION SA ESPANA Andrés SANCHEZ-BIEZMA SACRISTAN
(Pr. Coord.)
AGENCIA ESTATAL CONSEJO SUPERIOR DE INVESTIGACIONES ESPANA Juan Carlos ABANADES GARCIA
CIENTIFICAS
HULLERAS DEL NORTE, S.A. ESPANA Luis DIAZ FERNANDEZ

THE CHANCELLOR, MASTERS AND SCHOLARS OF THE UNIVERSITY UNITED KINGDOM  John DENNIS
OF CAMBRIDGE

UNIVERSITAET STUTTGART DEUTSCHLAND Mariusz ZIEBA

Patent application ES1641.854

Diego ME, Arias B, M. Alonso, Abanades JC. The impact of calcium sulfate and inert solids accumulation in post-combustion
calcium looping systems. Fuel (in press, http://dx.doi.org/10.1016/j.fuel.2012.11.062 , 2013)
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ASC2

Amine-impregnated Alumina Solid Sorbent for CO2 Capture

Type of Project Pilot& Demonstration Duration (months) 36
Total Budget 3093261 € Start Date 1/07/2013
EU Contribution 1546630 € End Date 30/06/2016

Running project

The present proposal focuses on several of the most important recommendations of the Zero Emission Platform’s (ZEP) report
for the deployment of CCS in the European Union (EU) and contribute to increase the experience of pilot plant operation with
power plant flue gases, reduce the energy demand for regeneration (improving the efficiency of power plants with CCS), through
full process integration, power plant optimization and sorbent performance including improved degradation characteristics
under different flue gas conditions (including other pollutants and oxygen content). The project objective is to demonstrate,
through pilot plant operational validation, that the use of alumina impregnated-amine solid sorbent is a suitable option to
increase CO2 capture efficiency and reduce by 3-4 points the efficiency penalty caused by capture system in the power plant. This
objective requires the development and demonstration of new and innovative solid sorbents. New porous materials will be
developed in order to obtain the best performances for amine deposition on solid support and for CO2 absorption-desorption
cycle. The most effective solution, selected by screening in laboratory tests, will be produced in a suitable quantity (about a ton)
and tested in a pilot plant with coal fired power station flue gases. The project has a holistic approach from the laboratory solid
sorbent development to the preparation of sorbent for pilot plant operation (modified to fit the sorbent performance), pilot plant
testing and also includes the scale-up of the concept to commercial coal power plants for both existing and new applications. The
proposed technology is of main interest for retrofitting existing plants without dramatic changes to the existing boiler and power
cycle.

Country Scientific person in charge
FUNDACION CIRCE- CENTRO DE INVESTIGACION DE RECURSOS Y ESPANA Luis M. ROMEO (Pr. Coord.)
CONSUMOS ENERG.
CIUDEN - FUNDACION CIUDAD DE LA ENERGIA ESPANA Ruth DIEGO GARCIA
INDUSTRIE BITOSSI S.p.A. ITALIA Carlo TERRENI
RICERCA SUL SISTEMA ENERGETICO - RSE SPA ITALIA Maurizio NOTARO
UNIVERSITA DEL SALENTO ITALIA Antonio LICCIULLI
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BiOxySorb

Economic low carbon power production and emissions control for future and flexible biomass co-
fired power stations

Type of Project Research Duration (months) 36
Total Budget 2105362 € Start Date 1/07/2013
EU Contribution 1263217 € End Date 30/06/2016

Running project

Coal-fired plants are under pressure to reduce their carbon-intensity. Available options include biomass co-combustion, CCS or, a
combination of both, giving a CO2-negative power plant. Oxy-fuel combustion with CO2 storage (or utilization) is one of the
leading and most cost-effective CCS technologies that approved its potential for industrial scale power production and for
retrofitting existing power stations for CCS recently at the coal-fired 30MWel Callide oxy-fuel plant in Australia. The BiOxySorb
project will investigate 1st and 2nd generation biomass co-combustion under air- and oxy-fuel conditions at various co-
combustion ratios. BiOxySorb's results will help large scale coal-fired power stations to reduce their carbon intensity in the short
term by implementing or increasing energy- and cost-efficient biomass co-combustion in conventional air-fired systems.
Particularly, the focus on new 2nd generation biomasses that can be handled and milled much easier than 1st generation biofuels
is important in that respect. The project will also generate novel, highly valuable information on the co-combustion of biomass
under oxy-fuel conditions and will allow for a highly efficient utilization of biofuels in CO2-negative oxy-fuel power plants in near
future. The second main objective of BiOxySorb is an investigation of highly flexible, low cost SOx, HCl and Hg emission control by
sorbent injection in air and oxy-fuel biomass co-combustion. Sorbent injection systems can be installed relatively cheaply at
existing or newly built power plants, to backup or replace existing gas cleaning systems that cannot fully cope with increasingly
flexible plant operation. In oxy-fuel combustion, a reduction of SOx, HCl and Hg by sorbents has a great potential to reduce
emissions energy- and cost-efficiently and to allow a minimisation of problems arising from corrosion by those species in hot and
cold parts of the power plant and of CO2 processing and transportation facilities.

Country Scientific person in charge
UNIVERSITAET STUTTGART DEUTSCHLAND Jorg MAIER (Pr. Coord.)
CIUDEN - FUNDACION CIUDAD DE LA ENERGIA ESPANA Ruth DIEGO GARCIA
E.ON NEW BUILD & TECHNOLOGY LTD UNITED KINGDOM David COULING
GESTAMP BIOMASS SOLUTIONS ESPANA Pablo LEAL FORERO
LHOIST RECHERCHE ET DEVELOPPEMENT SA BELGIQUE Johan HEISZWOLF
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CRAMUFAT24

Crack Mechanism Understanding and Failure Avoiding Treatment of T24 Tube Material in Advanced
Super Critical Coal Fired Steam Generators

Type of Project Research Duration (months) 24
Total Budget 2138151 € Start Date 1/07/2013
EU Contribution 1282891 € End Date 30/06/2015

Running project

In order to further increase the efficiency of hard coal fired power plants up to 46 % and lignite-fired plants up to 43 % life steam
temperatures and pressures need to be elevated. New materials are required in order to achieve supercritical live steam
temperatures of 600 °C. T23 and T24 material is used for boiler tubes in such supercritical power plants. Recent failures in welded
joints in evaporator water walls made of material T24 of newly built and commissioned steam generators, caused by preferably
intergranular cracks, demonstrate there is a need in understanding possible failure mechanisms in the context with: - Welding
procedures and their parameters like heat control - Post weld heat treatment - Cleaning of welded components before
commissioning - Medium (steam, water, conductivity/pH, O2-content) - Temperature - Residual stresses - Critical strains caused
by construction and operation. Overall project objective is to identify parameters that are critical to crack formation and to
provide a general basis of knowledge in order to understand the material behavior during welding and the reactions with
medium during the set of operation phase.

Country Scientific person in charge
UNIVERSITAET STUTTGART DEUTSCHLAND Jirgen BOSE (Pr. Coord.)
ALSTOM BOILER DEUTSCHLAND GmbH DEUTSCHLAND Andreas HELMRICH
CENTRE FOR RESEARCH AND TECHNOLOGY HELLAS HELLAS Panagiotis GRAMMELIS
CENTRO SVILUPPO MATERIALI SPA ITALIA Alessio SACCOCCI
ENBW ERNEUERBARE UND KONVENTIONELLE ERZEUGUNG AG DEUTSCHLAND Jorg BAREISS
GROSSKRAFTWERK MANNHEIM AG DEUTSCHLAND Klaus METZGER
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Ca02

Calcium looping CO2 capture technology with extreme oxy-coal combustion conditions in the calciner

Type of Project Pilot& Demonstration Duration (months) 36
Total Budget 3166109 € Start Date 1/06/2014
EU Contribution 1583054 € End Date 31/05/2017

Running project

The proposal intends to demonstrate in a large pilot (rated at 2-3 MWth in the O2-fired calciner) an energy efficient process
variant of the CO2 capture postcombustion Calcium Looping system for coal based power plants. The optimised process scheme
is intended to minimize, or even avoid, the need of a CO2 recycle to the oxyfired CFB calciner, by exploiting the endothermic
nature of the calcination and the large solid circulation flows . Capital cost and energy consumption are reduced significantly due
to smaller calciner, ASU and 02 and fuel requirements, thereby improving the competitiveness of the CaL system..

Country Scientific person in charge

ENDESA GENERACION SA ESPANA Andrés SANCHEZ-BIEZMA SACRISTAN
(Pr. Coord.)

CARMEUSE RESEARCH & TECHNOLOGY SA BELGIQUE Jean-Yves TILQUIN
AGENCIA ESTATAL CONSEJO SUPERIOR DE INVESTIGACIONES ESPANA Juan Carlos ABANADES GARCIA
CIENTIFICAS
FOSTER WHEELER ENERGIA S.L. ESPANA Francisco Javier ALVAREZ RUIZ
HULLERAS DEL NORTE, S.A. ESPANA Luis DIAZ FERNANDEZ
CRANFIELD UNIVERSITY UNITED KINGDOM Edward J. ANTHONY
LAPPEENRANTA UNIVERSITY OF TECHNOLOGY - LAPPEENRANNAN  FINLAND Timo HYPPANEN

TEKNILLINEN YL.
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CERUBIS

Corrosion and Emission Reduction of Utility Boilers through Intelligent Systems

Type of Project Research Duration (months) 48
Total Budget 2768186 € Start Date 1/07/2014
EU Contribution 1660911 € End Date 30/06/2018

Running project

Coal-fired power plants have traditionally been operated in a continuous mode, i.e. as close as possible to the design full load for
as long an operating time as possible. However recent times, energy policy, emission standards and fuels portfolio enforced the
dramatic change of boilers operating conditions. This very often leads to maintenance problems like corrosion, slagging/fouling
and faults of boilers heat exchangers and water wall. Ideally the boilers operators and specialist would like to be able to follow
the extent of corrosion and ash-related phenomena in the boiler in real-time and plan the maintenance schedule. CERUBIS
proposal focuses on the development and testing of an intelligent, on-line diagnostic systems. The CERUBIS objective is to reduce
the extent of the corrosion and slagging/fouling of boiler evaporators and heat exchangers. This should improve the reliability
and the efficiency of utility boilers. Also, by improved controls of the boiler, should make it more easy to meet the newly-
imposed stringent emission directives. This envisaged overall goal shall be met by joined development of a multitude of sensors,
data handling and intelligent software systems which will be subsequently deployed in real-life boiler environment. Hereby,
much attention will be paid to using as much as possible common data handling and software interface as well as, wherever
applicable, the same material and technological base for the sensors. Care will be taken to use systems in a way to minimize the
data overlap and a the same time, a maximise the complimentary nature of the obtained information. The phased approach
envisages joint development, tests and validation on the laboratory- and pilot- scale test facilities (up to 0.5 MW). The developed
systems will then be installed at two full-scale, commercial, 380 MWe, hard coal- and lignite-fired boilers at Opole and Betchatéw
Power Plants. The systems will be tested and validated through one year of operation.

Country Scientific person in charge
INSTYTUT ENERGETYKI POLAND Slawomir KAKIETEK (Pr. Coord.)
ENERGY RESEARCH CENTRE OF THE NETHERLANDS NEDERLAND Mariusz CIEPLIK
HUKSEFLUX THERMAL SENSORS BV NEDERLAND Kees VAN DEN BOS
PGE GORNICTWO | ENERGETYKA KONWENCJONALNA SA POLAND Czeslaw ANDRYJOWICZ
UNIVERSITAET STUTTGART DEUTSCHLAND Jorg MAIER
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DRYLIG

Competitive pre-drying technologies and firing concepts for flexible and efficient lignite utilisation

Type of Project Research Duration (months) 36
Total Budget 2207633 € Start Date 1/07/2014
EU Contribution 1295047 € End Date 30/06/2017

Running project

Main scope of the proposal is the development of new and innovative retrofitting concepts for lignite pre-drying and pre-dried
lignite co-firing. The proposed concepts are intended for existing lignite power plant (increase of flexibility, improved operational
and environmental performance under low loads), hard coal plants (as start up/co-firing fuel) and, finally, the enlargement of pre-
dried lignite applications in other industrial applications. In order to meet the abovementioned objectives, the following actions
will be be performed within this project:  Evaluation and comparison of currently applicable pre-drying technologies (fluidized
beds, tubular dryers, air/gas drying)and firing systems according to appropriate techno-economic criteria. Identification of
potential pre-dried lignite end-users in other industrial sectors. e Pilot tests at pilot scale/prototype dryers for different lignite
types.  Combustion tests of pre-dried lignite as co-firing and/or ignition fuel at lab, pilot and industrial scale facilities at different
thermal shares and firing arrangements. e CFD simulations of specific boiler retrofitting cases for optimization of firing
arrangement and thermal cycle calculations for integration of pre-drying technologies, aiming towards increased flexibility at load
load operation. e Development of plant design concepts for retrofit cases and initial engineering study for pre-dried lignite
application in green-field plants. ¢ Techno-economic evaluation of proposed concepts and drafting of Guidebook. The project
consortium includes the two main lignite boiler manufacturers, European utilities and leading institutes with a long experience in
lignite utilisation.

Country Scientific person in charge
CENTRE FOR RESEARCH AND TECHNOLOGY HELLAS HELLAS Panagiotis GRAMMELIS (Pr. Coord.)
ALSTOM BOILER DEUTSCHLAND GmbH DEUTSCHLAND Frank KLUGER
INSTITUTUL DE STUDII SI PROIECTARI ENERGETICE SA ROMANIA lon Eduard CHITESCU
MITSUBISHI HITACHI POWER SYSTEMS EUROPE GMBH DEUTSCHLAND Michalis AGRANIOTIS
MONASH UNIVERSITY AUSTRALIA Sankar BHATTACHARYA
PUBLIC POWER CORPORATION S.A. HELLAS Charalampos PAPAPAVLOU
UNIVERSITAET STUTTGART DEUTSCHLAND Jérg MAIER
POLITECHNIKA WROCLAWSKA - WROCLAW UNIVERSITY OF POLAND Halina PAWLAK KRUCZEK

TECHNOLOGY
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OnCord

Online corrosion monitoring for the combined combustion of coal and chlorine-rich biomasses in
pulverised fuel and circulating fluidised bed systems

Type of Project Research Duration (months) 36
Total Budget 2918723 € Start Date 1/07/2014
EU Contribution 1751232 € End Date 30/06/2017

Running project

The emerging trend towards renewable energy sources leads to an increased share of biomass used in solid fuel fired power
plants. This development and the demand for increasing live steam temperatures result in severe operational problems, such as
high temperature corrosion which can lead to unscheduled power plant shut downs and a decreased boiler availability. Co-firing
biomass is often limited to high quality wood materials in order to ensure safe combustion without the risk of corrosion. It has
been observed that the proper combination of coal and chlorine-rich biomass significantly reduces corrosive deposits and thus
accelerated metal wastage. Often, these observations could not be explained properly and further research was recommended.
Within the present proposal co-firing of chlorine-rich biomasses at high shares and with elevated steam temperatures is enabled
by using coal and its ash as a protective agent. Coal and its inorganic constituents such as sulphur and alumina-silicates are able
to prevent the formation of alkali chlorides, and consequently chlorine-rich deposits. Two online corrosion sensors are developed
and used in combination with online measurement techniques yielding gaseous and solid phase composition to monitor
corrosion. Both sensors are tested under aggressive conditions and long-term exposure tests in pulverised fuel and fluidised bed
systems of varying size and in combination with material loss probes. Experiments will start in small scale and proceed with
increasing plant size. By this approach corrosion rates can be correlated to the fuel composition and process conditions in order
to understand observed phenomena. Modelling will support the understanding of corrosion attack and its mechanisms. The
project will provide strategies for setting up fuel blends and strengthen the position of solid fuel fired boilers, particularly the
position of coal since it enables the use of low grade biomass in highly efficient combustion systems.

Country Scientific person in charge
TECHNISCHE UNIVERSITAET MUENCHEN DEUTSCHLAND Hartmut SPLIETHOFF (Pr. Coord.)
ABO AKADEMI UNIVERSITY FINLAND Mikko HUPA
CORRMORAN GmbH DEUTSCHLAND Christian DEUERLING
DOOSAN BABCOCK LIMITED UNITED KINGDOM William LIVINGSTON
ENEL INGEGNERIA E RICERCA S.p.A. ITALIA Nicola ROSSI
FONDAZIONE INTERNAZIONALE PER LA RICERCA SULLA ITALIA Tomasz KLAJINY
COMBUSTIONE ONLUS
UNIVERSITAT AUGSBURG DEUTSCHLAND Ferdinand HAIDER
VALMET POWER OY FINLAND Jukka MAKINEN
TEKNOLOGIAN TUTKIMUSKESKUS VTT*TECHNIC. RESEARCH FINLAND Martti AHO

CENTRE OF FINLAND
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Technical Group Steel 1

Ore agglomeration and ironmaking

The scope of TGS1 includes:

¢ Ore agglomeration, sintering and pelletising processes

e New and improved iron-ore reduction processes (including DRI & C-free reduction)

¢ [ronmaking processes and operations including slag treatment

e Standardisation of testing and evaluation methods

e Maintenance and reliability of production lines

¢ Reduction of emissions, energy consumption and improvement of the environmental impact

e Instrumentation, modelling and control of processes
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ENHANCED BF OPERATION

Enhanced blast furnace operation and service life by improved monitoring and control of the hearth
and uniformity

Type of Project Research Duration (months) 42
Total Budget 2315055 € Start Date 1/09/2003
EU Contribution 1389033 € End Date 28/02/2007

Project completed

The competitiveness and productivity of the iron-making industry relies significantly on the operational lifetime of the blast
furnace. Specific attention has to be paid to the hearth, since its refractory wear is often decisive for campaign length. Wear and
skulling of the hearth are closely related to internal hearth and dead man conditions, which are known to play an extremely
important role for iron and slag flow, hot metal composition and temperature. Non-uniform operation can lead to excessive wear
and, as a result, expensive repairs — even if other areas of the blast furnace may still be in good condition. A more uniform
operation improves hot metal quality, lowers the fuel rate and increases hearth and stave life. The wear profile of different blast
furnaces across Europe was documented and samples of refractory were analysed. Based on these results, hearth supervision
was improved to monitor refractory decay which up to now cannot be detected. Several campaigns of tap hole pressure
measurement were carried out. Average void fractions of the dead man were determined and correlation with EMF was found. A
new tapping management system, based on CCD-cameras and a suitable software platform was tested. Internal hearth
conditions were investigated with hearth supervision systems, CFD-simulation, tuyere drillings and additional measurement data.
An acoustic measurement technique to indicate charging irregularities and combustion problems was successfully tested.
Subsequent countermeasures improve blast furnace uniformity. The results described increase blast furnace life, stability and
security. Given that higher productivity and lower fuel consumption can be expected, this research clearly contributes to the
sustainable development of the European Steel Industry.

Country Scientific person in charge
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Glinter HARP (Pr. Coord.)
ABO AKADEMI UNIVERSITY FINLAND Henrik SAXEN
AKTIEN-GESELLSCHAFT DER DILLINGER HUTTENWERKE AG DEUTSCHLAND Rongshan LIN
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Dominique SERT
ARCELORMITTAL ESPANA SA ESPANA Diego CARRASCAL
AGENCIA ESTATAL CONSEJO SUPERIOR DE INVESTIGACIONES ESPANA Javier MOCHON MURNOZ
CIENTIFICAS
RAUTARUUKKI OYJ FINLAND P&ivi MANNILA
TATA STEEL UK LIMITED UNITED KINGDOM  George CLIXBY
Verfahren und MeRvorrichtung zur Ermittlung der Warmeleitfahigkeit des Feuerfestmaterials einer Ofenauskleidung. German

patent application 10 2006 011 816.2.

Hofer O., Klima R., Lin R., Rausch H. Hearth Monitoring at the end of a blast furnace campaign. 27es Journées Sidérurgiques
Internationales, Paris Dec. 14th-15th 2006, pp. 4-5.

Brannbacka, J., Model Analysis of Dead-man Floating State and Liquid Levels in the Blast Furnace Hearth, Doctoral dissertation,
Abo Akademi University, Finland, 2004.

Helle, M. and H. Saxén, *”Data-driven analysis of sulfur flows and behavior in the blast furnace”, the 4th International Conference
on the Science and Technology of Ironmaking (ICSTI), November 2006, Osaka, Japan, (Ed. Usui, T.), pp. 573-576, ISlJ, Japan, 2006.

Bjorkholm, F., “A Study of Thermal Cycles in a Blast Furnace”, M.Sc. thesis, Heat Engineering Laboratory, Abo Akademi University,
Finland, 2006.

Mannevaara, M., “Model of Erosion and Build-up Formation in the Blast Furnace Hearth”, M.Sc. thesis, Heat Engineering
Laboratory, Abo Akademi University, Finland, 2004.
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MEMORACE

Improvement of the raceway monitoring under modern blast furnace operating conditions

Type of Project Research Duration (months) 45
Total Budget 1256925 € Start Date 1/07/2004
EU Contribution 754155 € End Date 31/03/2008

Project completed

"Microwave technique was developed for the online determination of raceway depth at industrial installations. It is validated, not
influenced by coal injection and reliable. The CARS technique, for gas composition and temperature determination on a very
short time scale, was for the first time adapted for metallurgy. It is suitable for fundamentals studies. The Ground Penetrating
Radar (Georadar) technique could not give reliable results on hot pilot. Industrial raceway depth presents smooth time evolution
and the relation with blast volume is confirmed. Indications of collapse are found at occasions of hot stove changes, unlike in
laboratory studies. On a time scale of few days, the cut of coal injection on one tuyere produces an increase in raceway size and
the converse. The same effect is obtained in the laboratory when the coke size is decreased. Some recommendations for
operating blast furnaces at coal injection rates are given: optimisation of coal size using a small rate of fine particles; tuyere
design with an additional lance to deliver oxygen in the front of the PC lance tip; decreasing of constraints on flame temperature
in some cases when injecting auxiliary reducing agents; focused attention on productivity and the height of the position of the
reserve zone when flame temperature is changed. A new coal distribution practice — consisting in adjusting constant flame
temperaturefor all tuyeres by adjusting locally the coal mass flow to actual local blast volume — was tested and approved. It is
estimated to save more than 1kg/tHM of coke at constant PCl rate."

Country Scientific person in charge
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Eric LECTARD (Pr. Coord.)
AGENCIA ESTATAL CONSEJO SUPERIOR DE INVESTIGACIONES ESPANA Alberto ISIDRO
CIENTIFICAS
SWEREA MEFOS AB SVERIGE Par HAHLIN
RHEINISCH-WESTFALISCHE TECHNISCHE HOCHSCHULE AACHEN DEUTSCHLAND Dieter G. SENK
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COKARAC

New characterisation test of the coke behaviour at high temperatures

Type of Project Research Duration (months) 42
Total Budget 1250249 € Start Date 1/07/2004
EU Contribution 750150 € End Date 31/12/2007

Project completed

behaviour at high temperature under conditions similar to those encountered in the blast furnace, especially in terms of
gasification degree. The CRM Cokarac test characterises the evolution of coke size distribution under mechanical, chemical and
thermal stresses during increasing residence time under gasification conditions prevailing in the blast furnace. Two Corus tests
characterise the resistance of coke submitted to the actions of liquid iron and slag. A CPM test characterises the strength of coke
after a constant weight loss. The validity of these new tests has been demonstrated by comparing the modifications of the coke
grain size and microscopic texture resulting from the tests with those undergone by coke in the blast furnace. The latter have
been measured by comparing cokes sampled by a tuyere probe with cokes sampled before charging into the blast furnace.
Industrial cokes from a wide variety of sources have been tested. Moreover, to highlight the sensitivity of the new tests and their
innovative content, cokes differing greatly by their CRI and CSR indices have been produced in the pilot coke oven plant of CPM.
The results of the new tests showed only little correlation with the classical coke characterisation indices (110, 140) and with the
standard CRI-CSR indices, which indicates that they really bring new information on coke properties. The applicability of these
new tests on a routine basis has been evaluated in order to allow the ironmaking industry to better characterise coke quality.

Country Scientific person in charge
CENTRE DE RECHERCHES METALLURGIQUES ASBL BELGIQUE Gérard DANLOY (Pr. Coord.)
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Eric HESS
TATA STEEL NEDERLAND TECHNOLOGY BV NEDERLAND Bart van der VELDEN
THYSSENKRUPP STEEL EUROPE AG DEUTSCHLAND Klaus MOLHEIMS
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ECONOSOX

Modelling the pollutants formation and behaviour during sintering of iron ores

Type of Project Research Duration (months) 42
Total Budget 868384 € Start Date 1/07/2004
EU Contribution 521031 € End Date 31/12/2007

Project completed

"At the project start, the CRM mathematical model of the sintering process was able to simulate the emission of CO, but not of
NOx. Concerning SOx emissions, the shape of the emission profile was correctly simulated but not the amplitude, because the
latter depends on the sulphur input and also on its retention in the sinter cake, which was not explicitly simulated. Within the
scope of this project, the model has been adapted and completed so that it can calculate CO, NOx and SOx emissions in different
sintering conditions and also different layouts (conventional sintering, various waste gas recycling layouts, top layer sintering). It
has been calibrated/validated at sinter pot scale and industrially (at ArcelorMittal Gent and VASD). Its predictions turn out to give
mostly satisfactory results in relative terms (trends) whereas the absolute values of pollutant emissions are not always perfectly
predicted, due to the influence of parameters that are not measurable or not explicitly simulated (catalytic effects of trace
elements, effect of volatile matter on NOx formation mechanisms, etc.). The new model version has been used for a sensitivity
analysis giving the trends to be expected in terms of environmental performance when modifying some sintering conditions
(suction, mean size of solid fuel, vertical segregation of solid fuel concentration). Other simulations have been carried out to
assess different waste gas recycling layouts if they were applied to the two sinter strands of one ArcelorMittal plant; this exercise
has shown how the model can be used to get some initial insight about the effect of the amount of recycled gas and the zone
where it is collected/recycled on the pollutant emissions as well as on the sintering speed and the potential energy savings. The
main deliverable of this project is a modelling tool, to be considered as complementary to sinter pot trials or industrial tests,
useful for the environmental optimisation of sintering conditions or for a first evaluation of different waste gas recycling
techniques when applied to the local features and operating conditions prevailing in any specific sinter plant."

Country Scientific person in charge
CENTRE DE RECHERCHES METALLURGIQUES ASBL BELGIQUE Bernard VANDERHEYDEN (Pr. Coord.)
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Philippe RUSSO
VOESTALPINE STAHL DONAWITZ GmbH OESTERREICH Wolfgang SCHWEIGER
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MEORU

Minimising environmental emissions by optimised reductant utilisation

Type of Project Research Duration (months) 42
Total Budget 1796006 € Start Date 1/07/2004
EU Contribution 1077603 € End Date 31/12/2007

Project completed

"The temperature profile at tuyere level is probably the most important parameter for influencing blast furnace performance
because it has an effect at every step of physical and chemical reaction. This is seen especially as increased abrasion of coke,
caused by carbon graphitisation and silicate reduction in the hottest flame zone, and as alkali attack on the coke in the colder
deadman. The Raman analysis technique has proved to be a sensitive method for differentiation of carbon structure within BF
dusts, coke and different chars related to BF operation. Results of the Raman analyses indicate that BF dust is a mixture of tuyere
carbon (from high temperature zones of the BF) and coke formed by abrasion in the upper BF shaft. For BF dusts, a roughly linear
relationship of the FWHM values from Raman analysis to the percentage of tuyere carbon is revealed. This relationship enables
the quantification of tuyere carbon within the BF dust. The technique is useful for semi-continuousmonitoring of the efficiency of
reductant consumption during BF injection. Increasing amounts of tuyere carbon in the BF dust means lower efficiency of
reductant consumption. Different injection modes (oil injection; PCl) lead to a characteristic content of tuyere carbon in the BF
top gas dust. With oil injection a lower content of tuyere carbon is observed than with PCI. A lower tuyere carbon content with oil
injection means improved reductant utilisation compared to PCl operation. However, this advantage is associated with higher
costs for the injected reductant. The theoretical maximum decrease of reductant utilisation for PCl operation amounts to 0.6 % of
the total carbon input (which is the amount of tuyere carbon in the top gas dust). A realistic assumption is that 50 % of the tuyere
carbon emissions may be reduced, which means that 0.3 % of total carbon consumption is potentially saved byoptimised
injection practice. The new Raman analysis technique would be capable of assisting blast furnace operators in optimising furnace
operation conditions by maximising reductant injection rates while maintaining best efficiency of reductant consumption."

Country Scientific person in charge
TATA STEEL UK LIMITED UNITED KINGDOM  Colin J. ATKINSON (Pr. Coord.)
CENTRO SVILUPPO MATERIALI SPA ITALIA Antonello DI DONATO
IMPERIAL COLLEGE OF SCIENCE, TECHNOLOGY AND MEDICINE UNITED KINGDOM  Rafael KANDIYOTI
RAUTARUUKKI OYJ FINLAND Olavi KERKKONEN
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Giinter HARP

Dong S., Wu L., Paterson N., Herod A.A., Dugwell D.R., Kandiyoti R., “Investigating the Fate of Injectant Coal in Blast Furnaces by
Size Exclusion Chromatography”, Energy Fuels, 2007, 21 (2), pp. 1062-1070. DOI: 10.1021/ef060472k.

:Dong S., Paterson N., Kazarian S.G., Dugwell D.R., Kandiyoti R., “Characterization of Tuyere-Level Core-Drill Coke Samples From
Blast Furnace Operation”, Energy Fuels, 2007, 21 (6), pp. 3446-3454. DOI: 10.1021/ef7003656

S. Dong, P. Alvarez, N. Paterson, D. R. Dugwell and R. Kandiyoti, “Investigating the Formation Mechanism of Soot-like Materials
Present in Blast Furnace Coke Samples”, Energy Fuels, 2008, 22 (5), pp. 3317-3325. DOI: 10.1021/ef800466h
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ULCOS

ULCOS New Blast Furnace Process

Type of Project Research Duration (months) 60
Total Budget 8551812 € Start Date 1/07/2004
EU Contribution 5131088 € End Date 30/06/2009

Project completed

www.ulcos.org/

"Within this project a new blast furnace process route able to operate with very low CO2 emissions has been developed. This can
be achieved by using oxygen instead of air, facilitating CO2 capture from the top gas and recycling of the reducing gas. Starting
from the first concepts, mathematical models were used to calculate several process configurations in order to evaluate the
impact of the new parameters on the process. These calculations led to the selection of three promising versions: version 1,
where the decarbonated top gas is recycled cold at the normal tuyeres and hot in the lower shaft; version 3, where the gas is
recycled hot at the normal tuyeres only; and version 4, where the gas is recycled hot at the tuyeres and hot in the lower shaft. To
estimate the impact of the decarbonated top gas recycling on the burden reduction and disintegration, several laboratory tests
were performed using different burden compositions. The lab tests showed that a mixture of sinter and pellets would be the best
burden composition to be used for the EBF campaign. Regarding the injection coal, laboratory trials were performed to give a
recommendation of a suitable coal for the trials. Due to the fact that version 1 is running with cold gas injection, a prototype of a
three component (02, PCl and DTG) tuyere burner has been tested at a single tuyere rig to compare the raceway conditions with
the conditions of a conventional blast furnace raceway. To avoid carbon deposition when heating up the decarbonated top gas,
an extensive study has been performed to find suitable materials that are resistant against soot formation. Furthermore, several
recuperative and regenerative systems have been compared to give a recommendation on which way of heating up the gas is
best. To prove the capability of the new process, version 3 and version 4 were at the experimental blast furnace in Luled, Sweden.
The EBF was prepared and modified to be able to run under ULCOS BF conditions, defined by the version 3 and 4 circumstances.
To remove the CO2 from the top gas a VPSA plant was erected. To guarantee safe operation strategies were defined for the
startup and shutdown phases, but unplanned events were also considered. All important safety issues were considered in a
HAZOP study and risk assessment. The first ULCOS BF trial was performed in autumn 2007 in a 6-week campaign. It could be
proven that it is possible to operate the EBF very smoothly under the new process conditions. The carbon savings were in the
range of 15 % for version 3 and 24 % for version 4. With the VPSA it was possible to reach recycling ratios up to 90 %. Though
these first results showed that the process could be successfully tested at the EBF some technological aspects still had to be more
closely observed before transferring this technology to an industrial scale. Together with engineering companies some
technological points were identified and possible solutions were shown."

Country Scientific person in charge
THYSSENKRUPP STEEL EUROPE AG DEUTSCHLAND Alexandra HIRSCH (Pr. Coord.)
AKTIEN-GESELLSCHAFT DER DILLINGER HUTTENWERKE AG DEUTSCHLAND Rongshan LIN
L'AIR LIQUIDE SA FRANCE Michel DEVAUX
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Frangois HANROT
CENTRE DE RECHERCHES METALLURGIQUES ASBL BELGIQUE Olivier ANSSEAU
ILVAS.P.A. ITALIA Vincenzo DIMASTROMATTEO
KUTTNER GmbH & Co. KG DEUTSCHLAND Wolfram KUTTNER
LUOSSAVAARA-KIIRUNAVAARA AB (LKAB) SVERIGE Mats HALLIN
PAUL WURTH S.A. LUXEMBOURG Guy THILLEN
TATA STEEL NEDERLAND TECHNOLOGY BV NEDERLAND Jan van der STEL

TATA STEEL UK LIMITED UNITED KINGDOM C.R. BENNINGTON

SIEMENS VAI TECHNOLOGIES LTD UNITED KINGDOM Michael EDEN

VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Glnter HARP

VOESTALPINE STAHL GMBH OESTERREICH Thomas BURGLER
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SHOCOM

Short term CO? mitigation for steelmaking

Type of Project Research Duration (months) 36
Total Budget 2402677 € Start Date 1/07/2005
EU Contribution 1441605 € End Date 30/06/2008

Project completed

"Decreasing the coke gasification threshold temperature by 100 °C brings a 9 % CO2 saving. This can be achieved either by
incorporating 6 % of charcoal into coal blend, if the blend is fluid enough, or by charging charcoal (20-50 kg/thm) mixed with
coke. The latter is more efficient. The reduction kinetics is not impaired by a threshold temperature of 850 °C. Charcoal injection
into BF tuyeres was studied, especially charcoal reactivity in and outside the raceway. Charcoals from three wood types were
produced and characterised. Reactivity of charcoals, coals and coal-charcoal mixtures was studied. Injection testswere conducted
at pilot scale. Secondary utilisation of charcoal outside the raceway was investigated. The reducing gas generation from
waste/secondary raw material for iron ore reduction in Midrex or BF was evaluated. The quality requirements and sources of
secondary raw material were evaluated. Plastics have higher contents of trace elements like Pb, Zn, Cd and Hg than conventional
BF (and DR) reductants. The feasibility of using plastic wastes of various compositions as additives to coal blends for the
production of blast-furnace coke was studied, paying special attention to the effects of plastic wastes on: coal thermal behaviour;
coking pressure ; and quality of cokes produced in movable wall ovens at two scales. The CO2 emission and the cost of every
route proposed have been calculated. The potential of CO2 mitigation ranges between 2 % and 35 %. The maximum increase of
cost is 7 %, the routes using a large extent of charcoal being more expensive than thereference."

Country Scientific person in charge
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Frangois HANROT (Pr. Coord.)
AGENCIA ESTATAL CONSEJO SUPERIOR DE INVESTIGACIONES ESPANA Miguel FERNANDEZ
CIENTIFICAS
RHEINISCH-WESTFALISCHE TECHNISCHE HOCHSCHULE AACHEN DEUTSCHLAND Dieter G. SENK
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Giinter HARP
VOESTALPINE STAHL GMBH OESTERREICH Thomas BURGLER
WO 2011027038 A1 - METHOD FOR REDUCING THE CARBON DIOXIDE EMISSIONS OF A BLAST FURNACE, AND ASSOCIATED

DEVICE — D. Sert, F. Hanrot - http://patentscope.wipo.int/search/fr/W02011027038

A. Babich, D. Senk, M. Fernandez. Blast furnace technology with charcoal injection: technological and ecological aspects, Proc. 5th
Int. Congress on the Science and Technology of Ironmaking (ICSTI’09), Shanghai, China, 2009, pp. 762-766.

A.Babich, D.Senk, M.Fernandez. Charcoal behaviour by its injection into the modern blast furnace, ISlJ Int., 50 (2010), No. 1, pp.
81-88.

M.A. Diez, R. Alvarez, C. Barriocanal, S. Melendi. Possibilities of the Coking Process for the Recycling of Plastic Wastes. EuroCoke
Summit 2007. Intertech Pira, Nice-France. URL: http://www.ceska-koksarenska.cz/download/eurocoke.pdf

F. Hanrot, D. Sert, J. Delinchant, R. Pietruck, T. Biirgler, A. Babich, M. Fernandez, R. Alvarez, M.A. Diez. CO2 Mitigation for
Steelmaking using Charcoal and Plastics Wastes as Reducing Agents and Secondary Raw Materials. Proceedings of the 1st Spanish
National Conference on Advances in Materials Recycling and Eco — Energy Madrid, Spain, November 12-13, 2009. Paper S05-4.
ISBN: 978-84-7292-3980-0. URL: http://digital.csic.es/handle/10261/18433.

M.A. Diez, R. Alvarez. Advances in the Recycling of Plastic Wastes for Metallurgical Coke Production. Journal of Material Cycles
and Waste Management, Published on line: 07 December 2012. DOI: 10.1007/s10163-012-0103-8. URL:
http://link.springer.com/article/10.1007%2Fs10163-012-0103-8#
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DEMPOLIFE

Determination of factors influencing dead man position and evaluation of its impact on blast
furnace life time

Type of Project Research Duration (months) 42
Total Budget 1991409 € Start Date 1/07/2005
EU Contribution 1194846 € End Date 31/12/2008

Project completed

The reline of a blast furnace at the end of its campaign life is a very costly affair, due to both the costs of the actual relining and
the costs of the production loss. The campaign life of a blast furnace is currently limited by the lifespan of its hearth refractory.
An EMF-based, online hearth monitoring system with early detection of process disturbances related to the blast furnace hearth
have been developed and implemented. A measuring installation based on strain gauges has been designed and has been
installed on the shell of the hearth, which has proved to be an efficient sensor to determine the liquid levels inside the hearth.
Several model studies have been carried out to investigate the fluid and solid flow in the hearth. Also a model that calculates the
deadman position, based on both finite element modelling and industrial measurements, has been developed. The dissections of
both an industrial blast furnace hearth and the hearth of the experimental blast furnace have been used to improve the
understanding of the processes’ interaction on the hearth wear and processes. All models have been validated and used to
improve the hearth lifetime and to detect process disturbances.

Country Scientific person in charge
TATA STEEL NEDERLAND TECHNOLOGY BV NEDERLAND Jan van der STEL (Pr. Coord.)
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Sami-Alex ZAIMI
CENTRE DE RECHERCHES METALLURGIQUES ASBL BELGIQUE Olivier HAVELANGE
SWEREA MEFOS AB SVERIGE Dong Yuan SHENG
TATA STEEL NEDERLAND TECHNOLOGY BV - IJMUIDEN NEDERLAND Mark HATTING
TECHNOLOGY CENTRE
THYSSENKRUPP STEEL EUROPE AG DEUTSCHLAND H. Peter RUTHER
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Oliver MIELENZ
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IDEOGAS

Industrial demonstration of hot gas injection at the blast furnace

Type of Project Pilot& Demonstration Duration (months) 64
Total Budget 4511967 € Start Date 1/03/2006
EU Contribution 1359570 € End Date 30/06/2011

Project completed

The Ideogas project started in March 2006 with the aim of simulating and investigating the recycling of decarbonated top gas
(DTG) in the shaft of the blast furnace. Unfortunately, the burner technology foreseen to produce reducing a gas simulating DTG
from natural gas did not work and had to be given up. As no effective alternative to produce reducing gas could be found, the
Ideogas project was focused on the development of the oxygen tuyere technology for the most difficult configuration of the
ULCOS-BF process (Version 1). The on-paper design of these trials was validated by the ULCOS steering committee in May 2008
and the decision was made to go to the second stage of the project, a technological test of the O2-tuyere technology at industrial
scale during 15 days. However, the preparation of this test was severely slowed down by the economic crisis and further
disturbed by successive stoppages of the pilot BF1 of ArcelorMittalEisenhiittenstadt linked to the market situation. The
technological test finally took place in June 2011. The O2-tuyere jointly developed by ArcelorMittal and BFI passed this test
successfully. From a process point of view, the tuyere has been operated during about 11 days at an adiabatic flame temperature
over 2 300 °C without problem, while the PCI rate was kept above 160 kg/thm, with peaks at 180 kg/thm. The project thus
reached the goal of developing a tuyere technology suitable for Version 1 of the ULCOS-BF process.

Country Scientific person in charge
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Dominique SERT (Pr. Coord.)
AKTIEN-GESELLSCHAFT DER DILLINGER HUTTENWERKE AG DEUTSCHLAND Rongshan LIN
ARCELORMITTAL EISENHUTTENSTADT GmbH DEUTSCHLAND Jérg HUNGER
CENTRE DE RECHERCHES METALLURGIQUES ASBL BELGIQUE Gérard DANLOY
ILVAS.P.A. ITALIA Vincenzo DIMASTROMATTEO
LUOSSAVAARA-KIIRUNAVAARA AB (LKAB) SVERIGE Peter SIKSTROM
RAUTARUUKKI OYJ FINLAND Lawrence HOOEY
TATA STEEL NEDERLAND TECHNOLOGY BV NEDERLAND Jan van der STEL
THYSSENKRUPP STEEL EUROPE AG DEUTSCHLAND Bernd KORTHAS
VOESTALPINE STAHL GMBH OESTERREICH Thomas BURGLER
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Sinter efficiency

Enhanced sinter efficiency by optimised quality control

Type of Project Research Duration (months) 42
Total Budget 1751893 € Start Date 1/07/2006
EU Contribution 1051136 € End Date 31/12/2009

Project completed

A PGNAA test device was developed and installed to measure the sinter raw mixture composition in situ at TKSE. Based on the
results of the measurement a limestone dosing control (LDSC) was implemented into the sinter process control. PGNAA and LSDC
are working very well and the basicity level is much more homogeneous. The evaluation of long-term trials has shown that a
great benefit of EUR 0.11/tsinter can be expected by using the new devices. A XRF in situ measurement and a basicity controller
were implemented into the control system at the VASD sinter plant. Very good results were achieved. Since September 2009 the
basicity controller based on the XRF measurement system has been more or less in continuous operation. The result of the
control interventions is a much more uniform basicity of the sinter. BFI and TKSE investigated the on-strand (cold) permeability. A
device for continuous measurement of the on-strand permeability was enhanced with respect to accuracy and long-time stability.
Sinter mix moisture, bulk density and BTP fluctuations were investigated by operational trials with different sinter mix
compositions. A software tool was developed and implemented to optimise the permeability by automatic detection of the
optimum moisture. Corus demonstrated the contribution of cold permeability to the post-ignition gas flow rate (hot
permeability). Mechanisms by which hot permeability and/or flame front affect sinter productivity were also studied through
sinter pot tests. In addition, a method to monitor the on-line bed permeability has been developed at strand No 2 of the lJmuiden
sinter plant.

Country Scientific person in charge
THYSSENKRUPP STEEL EUROPE AG DEUTSCHLAND Stefan WIENSTROER (Pr. Coord.)
TATA STEEL NEDERLAND TECHNOLOGY BV NEDERLAND Maria MARTINEZ PACHECO
VOESTALPINE STAHL DONAWITZ GmbH OESTERREICH Manfred ZAHN
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Thorsten HAUCK

A. Klein, G. Ma, R. Mayerhofer, M.Zahn, J. Zirngast , Online Bestimmung der Basizitat der Sintermischung mittels
RontgenfluoreszenzLecture at PRORA 2007 - Fachtagung Prozessnahe Rontgenanalytik, 15. - 16. November 2007 WISTA —
Wissenschafts und Wirtschaftsstandort Berlin-Adlershof, 12489 Berlin, Germany

Christoph Delwig, Hans Fettweis, Thomas Schnitzler, Stefan Wienstréer, Sinter process optimisation by prompt gamma neutron
activation analysis (PGNAA) based basicity control system, Congress report, 6th European Coke and Ironmaking Congress 2011,
Disseldorf, Germany, ECIC-54
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Hearth efficiency

Improvement of hearth drainage efficiency and refractory life for high BF productivity and a well

adjusted reductant injection rate at varying coke quality

Type of Project Research
Total Budget 3558656 €
EU Contribution 2135194 €

Project completed

Duration (months)
Start Date
End Date

1/07/2007
31/12/2010

A new deadman (DM) porosity and position criterion was developed using bottom temperature and tapping data. This was
established online at industrial plants. The ultrasound technique AU-E seems promising to assist with conventional wear
determination. Copper was successfully established for hearth tracing tests to replace radioactive materials. Refractory samples
from industrial BFs at campaign end were analysed. The aging influences depend on BF operation and refractory. Feed coke and
DM core-drill coke symplex were analysed with various methods. The differences were assigned to BF charging and way of
operation. Hearth samples from industrial and experimental BFs at campaign ends were analysed. The correlation between BF
operation and brittle layer formation was determined using historic BF data. The influence of DM permeability on the hearth
drainage was studied via simulation models. Different hearth drainage and tapping conditions were studied experimentally,
numerically and by comparison with industrial tracing test results. EBF simulations were performed to investigate raceway
combustion and hearth flow. Tapping models were developed based on image processing, EMF, data classification or two-phase
flow. They show the effect of hearth and liquid states on drainage. New techniques were developed for the online measurement
of HM temperature in runners and accurate hearth liquid level prediction. Temperature and mechanical stresses of BF hearth
refractory were modelled using FEM. Approaches with different commercial FEM tools were compared and consistent results
were obtained. The influences of different model assumptions were determined. New concepts were introduced to reduce

stresses, brittle zones and wear.

VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH

ABO AKADEMI UNIVERSITY

AKTIEN-GESELLSCHAFT DER DILLINGER HUTTENWERKE AG
ARCELORMITTAL MAIZIERES RESEARCH S.A.
ARCELORMITTAL ESPANA SA

ARCELORMITTAL EISENHUTTENSTADT GmbH

AGENCIA ESTATAL CONSEJO SUPERIOR DE INVESTIGACIONES
CIENTIFICAS

CENTRO SVILUPPO MATERIALI SPA
LUCCHINI S.p.A.

SWEREA MEFOS AB

RAUTARUUKKI OYJ

OULUN YLIOPISTO*UNIVERSITY OF OULU

Country
DEUTSCHLAND
FINLAND
DEUTSCHLAND
FRANCE
ESPANA
DEUTSCHLAND
ESPANA

ITALIA
ITALIA
SVERIGE
FINLAND
FINLAND

Scientific person in charge
Thorsten HAUCK (Pr. Coord.)
Henrik SAXEN

Rongshan LIN

Sami-Alex ZAIMI

Luis Fernando SANCHO MENDEZ
J6rg HUNGER

Javier MOCHON MURNOZ

Eros Luciano FARACI
Antonio GRANATA
Dong Yuan SHENG
Lawrence HOOEY
Timo FABRITIUS

Helle, M., H. Saxén and O. Kerkkonen, “Assessment of the State of the Blast Furnace High Temperature Region by Tuyere Core

Drilling”, ISIJ International 49 (2009) 203-209

Shao, L. and H. Saxén, “A simulation study of blast furnace hearth drainage using a two-phase flow model of the taphole”, ISIJ

International 51 (2011) 228-235

Shao, L. and H. Saxén, “Investigation of pressure drop in the blast furnace hearth with a sitting dead man”, draft manuscript

Kaymak Y., “A Simplified Approach to the Contact in Thermo-mechanical Analysis of Refractory Linings”, Comsol Conference

Stuttgart 2011

Rongshan L., Mernitz J., Kaymak Y., Hauck T.: New Dead man criterion for porosity and position of the dead man. Project

deliverable.
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Consistent BF

Consistent blast furnace operation whilst using low cost raw materials

Type of Project Research Duration (months) 54
Total Budget 2685901 € Start Date 1/07/2007
EU Contribution 1611540 € End Date 31/12/2011

Project completed

Solutions which enable the extended use of low cost raw materials, but conserve blast furnace operation consistent, will
contribute to economical hot metal production. The industrial experience with regard to using nut coke, ferrous fines and
injected coals as important low cost raw materials was raised from test campaigns and operational modifications at five blast
furnace plants. All plants preferred charging the complete screened nut coke. This was possible without loss of process efficiency
in cases of satisfactory coke quality. If high screened nut coke rates were resulting from low coke cold strength, negative effects
towards permeability and coke size at tuyere level were found. To avoid decreased permeability during ferrous fines charging,
the rate of ferrous fines plus low grade ores shall not exceed 8 % of the burden. To achieve more flexibility in the use of ferrous
burden, modified sinter distributions among two ore layers located upon each other were successfully tested. Gas flow was
investigated with the tracing method. A laser distance measuring unit was installed at one tuyere and determined raceway depth,
raceway shape and coke particles sizes. Basing on scientific evaluations rules were developed to achieve consistent operation.
This was supported by the calculation of composite nut and coarse coke size after direct reduction and further new numerical
methods. A software system for rules-based operation was installed in the control room and provides advices and warnings for
shaft and hearth wear protection, hot metal homogeneity and optimised coal rates. Less frequent rules were provided by
traditional documentation.

Country Scientific person in charge
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Stefan BOHNISCH (Pr. Coord.)
ARCELORMITTAL ESPANA SA ESPANA Luis Fernando SANCHO MENDEZ
AGENCIA ESTATAL CONSEJO SUPERIOR DE INVESTIGACIONES ESPANA Javier MOCHON MURNOZ
CIENTIFICAS
SCUOLA SUPERIORE DI STUDI UNIVERSITARI E DI ITALIA Valentina COLLA
PERFEZIONAMENTO SANT'ANNA
SALZGITTER FLACHSTAHL GmbH DEUTSCHLAND Manfred KETTLER
TATA STEEL UK LIMITED UNITED KINGDOM  George CLIXBY
THYSSENKRUPP STEEL EUROPE AG DEUTSCHLAND Carl Ulrich WIETERS
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ACASOS

Alternate carbon sources for sintering of iron ore

Type of Project Research Duration (months) 42
Total Budget 1548822 € Start Date 1/07/2007
EU Contribution 929293 € End Date 31/12/2010

Project completed

In the RFCS project ‘Acasos’, alternative carbon sources, for example olive pits, sunflower husks, blast furnace (BF) dust and
sludge, anthracite and pet coke, were analysed, pre-treated and evaluated by sinter pot tests and industrial sinter plant trials. It
was found that pre-treatment is essential for the utilisation of alternate carbon sources. The crushing of the evaluated biomass to
a particle size smaller than the optimal coke breeze size improved thermal utilisation at sintering, although productivity and
quality could not reach the level of carbon breeze. At the industrial scale it was shown that the pelletising of carbon-rich BF dust
and sludge led to the increased utilisation of their carbon content without negative effects on productivity. The substitution of
coke breeze with 60 % anthracite at the industrial scale led to a slight reduction in sinter productivity. Environmental aspects
were considered, especially concerning emissions of SO2 and volatile organic carbon (VOC). SO2 can be a limitation criterion for
pet coke, anthracite, and BF dust and sludge if the sulphur/carbon ratio is significantly higher than that of coke breeze. On the
other hand, VOC emission is a strong limiting criterion for the utilisation of all kinds of biomass, although biomass Acasos has
advantages over SO2 emissions and CO2 balance due to regenerative resources.

Country Scientific person in charge
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Roland PIETRUCK (Pr. Coord.)
ARCELORMITTAL BREMEN GMBH DEUTSCHLAND Joachim JANZ
ILVA S.P.A. ITALIA Aldo BOVE
TATA STEEL UK LIMITED UNITED KINGDOM Mohammad ZANDI
VOESTALPINE STAHL GMBH OESTERREICH Herbert SCHMID

M. Zandi, M. Martinez-Pacheco, T.A.T. Fray. Biomass for iron ore sintering, Minerals Engineering, Volume 23 (14) Elsevier — Nov 1,
2010
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FLEXINJECT

Flexible injection of alternative carbon material into the blast furnace

Type of Project Research Duration (months) 42
Total Budget 1875402 € Start Date 1/07/2008
EU Contribution 1125242 € End Date 31/12/2011

Project completed

Aiming at increased flexibility and use of alternative carbon materials (ACM) and sustainable use of carbon resources by reaching
high injection levels of ACM (plastics, dusts, sludge etc.) and at decreasing the demand for coke and coal, physical and chemical
characterisation, pre-treatment of materials in the Tornado process, fluidisation and conveying, operational injection tests at
experimental and industrial BF, theoretical calculations and CFD modelling have been conducted. Return of BF dust increases the
efficiency of charged materials as the off-gas dust mainly contains fines of coke and ferrous materials. The Tornado process can
make wet materials suitable for injection by efficient drying. The injection of ACM in mixtures with PC using the PCl plant or
separately using separate injection facilities are both feasible methods for implementation on an industrial scale. The efficiency in
the use of injected C is high and C in BF flue dust can be used as efficiently as C included in PC and coke, according to pilot-scale
trials. Tornado-treated BF sludge did not result in any savings of C in coke and coal due process disturbance by segregation
causing a lower C input than expected. Injection should be possible to use also for recycling of BF sludge under controlled
conditions. Operational data, raceway core evaluation and CFD modelling results indicate that there is an upper limit of BF flue
dust injection and stable operation, both dependent on conversion rate and accumulation of elements such as Zn and alkalis.

Country Scientific person in charge
SWEREA MEFOS AB SVERIGE Lena SUNDQVIST OQVIST (Pr. Coord.)
LUOSSAVAARA-KIIRUNAVAARA AB (LKAB) SVERIGE Nicklas EKLUND
SSAB EMEA AB SVERIGE Bo SUNDELIN
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Michael HENSMANN
VOESTALPINE STAHL GMBH OESTERREICH Stefan SCHUSTER

"L Sundqvist Okvist, M. Lundgren, G. Hyllander, M. Hensmann, E. Olsson, O. Antila and S. Schuster; ""Injection of Alternative
Carbon Containing Materials into the Blast Furnace"", TMS 2012 141st Annual Meeting & Exhibition, Orlando, Florida, USA, March
2012"

S. Hallsten, J Larsson, E. Olsson, O Antila, L Sundqvist Okvist, Green initiative at the blast furnace department in SSAB EMEA
oxelésund, SCANMETIV, Vol 1, MEFOS, Luled, Sweden, June 2012

L. Sundqvist Okvist, Gunilla Hyllander, E. T. Olsson, J-O. Wikstrém, M. Lundgren, Injection of pulverized materials into the blast
furnace raceway 6th ICSTI, Rio de Janerio, October, 2012

G. Hyllander, L. Sundqvist Okvist, D. Malmberg, J. Eriksson, E. Olsson, E. Zetterberg, Oleksandr Tarasenko, Innovative
measurement technicque for raceway monitoring, 6th ICSTI, Rio de Janerio, October, 2012

Jordan C., Harasek M., EI-Gohari A., Feilmayr C., Schuster S, “Combined Injection of Plastic Particles and Heavy Fuel Qil into a Blast
Furnace Raceway — Detailed CFD Analysis” 5th European Conference on Computational Fluid Dynamics ECCOMAS CFD 2010, 978-
989-96778-1-4 (CDROM) & 978-989-96778-0-7 (Book of Abstracts)
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ULCOS TGRBF

ULCOS top gas recycling blast furnace process

Type of Project Research
Total Budget 8029041 €
EU Contribution 4817425 €

Project completed

www.ulcos.org/

Duration (months)
Start Date
End Date

46
1/03/2009
31/12/2012

The objective of this project is the next step in the development of a new blast furnace route to operate with very low CO2
emissions. The project is the succession of the ULCOS New Blast Furnace process RFCS project launched in 2005 and aims at

preparing this process for industrial application.

After the design of the experiments and the engineering, three options of the new technology will be tested and/or optimised at
the experimental blast furnace and evaluated. The results will allow selecting the best process and technology options for an
industrial size demonstration unit, which will be the object of a future project.

TATA STEEL NEDERLAND TECHNOLOGY B.V.
AKTIEN-GESELLSCHAFT DER DILLINGER HUTTENWERKE AG
L'AIR LIQUIDE SA

ARCELORMITTAL MAIZIERES RESEARCH S.A.

CENTRE DE RECHERCHES METALLURGIQUES ASBL

ILVA S.P.A.

KUTTNER GmbH & Co. KG

LUOSSAVAARA-KIIRUNAVAARA AB (LKAB)

SWEREA MEFOS AB

PAUL WURTH S.A.

RUUKKI METALS OY

RHEINISCH-WESTFALISCHE TECHNISCHE HOCHSCHULE AACHEN
SSAB EMEA AB

THYSSENKRUPP STEEL EUROPE AG
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH

VOESTALPINE STAHL GMBH
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Country
NEDERLAND
DEUTSCHLAND
FRANCE
FRANCE
BELGIQUE
ITALIA
DEUTSCHLAND
SVERIGE
SVERIGE
LUXEMBOURG
FINLAND
DEUTSCHLAND
SVERIGE
DEUTSCHLAND
DEUTSCHLAND
OESTERREICH

Scientific person in charge
Jan van der STEL (Pr. Coord.)
Rongshan LIN

Anne BERTHELEMOT
Dominique SERT

Olivier ANSSEAU

Vincenzo DIMASTROMATTEO
Wolfram KUTTNER

Nicklas EKLUND

Bror-Erik SKOLD

Guy THILLEN

Miika SIHVONEN

Dieter G. SENK

Nils EDBERG

Alexandra HIRSCH

Jorg ADAM

Thomas BUERGLER
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TOSICO

New measurement and control techniques for total control in iron ore sinter plants

Type of Project Research Duration (months) 42
Total Budget 2409197 € Start Date 1/07/2009
EU Contribution 1445518 € End Date 31/12/2012

Project completed

The current blast furnaces are efficient and highly optimised and the scope for further lowering the carbon usage (and thus CO2
emissions) in these furnaces is approaching its limits. A possible breakthrough solution is to recycle the remaining CO and H2 in
blast furnace top gas back into the process, effectively lowering the coke requirements. The CO and H2 can be recovered with a
CO2 separation step. However, to avoid N2 build-up, the blast furnace needs to operate on pure 02 instead of hot blast. The
objective of this project was to determine and optimise the best configuration for a Top Gas Recycling Blast Furnace. The project
has shown that it is possible to operate a blast furnace in a closed loop with a CO2 separation unit in an effective way. The
obtained C-savings are consistent with the model predictions. The tests also proved that conventional burden material sinter,
pellet and coke can be used. The VPSA plant was able to remove the CO2 efficiently from the blast furnace top gas and up to 90%
of the top gas could be treated and recycled. It was possible to operate the blast furnace process and the VPSA gas separation
plant in a closed loop. The optimum configuration for an industrial scale furnace was found to be the injection of hot
decarbonated top gas in both the hearth tuyeres and the tuyeres in the shaft. These three EBF campaigns in the ULCOS BF mode
can be considered as a great success

Country Scientific person in charge
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Thorsten HAUCK (Pr. Coord.)
AKTIEN-GESELLSCHAFT DER DILLINGER HUTTENWERKE AG DEUTSCHLAND Rongshan LIN
ARCELORMITTAL ESPANA SA ESPANA Aurelio GUTIERREZ
AGENCIA ESTATAL CONSEJO SUPERIOR DE INVESTIGACIONES ESPANA Javier MOCHON MURNOZ
CIENTIFICAS
ILVA S.P.A. ITALIA Piero PULITO
SCUOLA SUPERIORE DI STUDI UNIVERSITARI E DI ITALIA Valentina COLLA
PERFEZIONAMENTO SANT'ANNA
TATA STEEL NEDERLAND TECHNOLOGY B.V. NEDERLAND Elisa S. M. BOT

Dr. Ir. F. Laksmana, Dr. Eng. M. Martinez-Pacheco, Dr. R. Jonckbloedst, Ir. E. Schoonbergen, Dr. Ir. T. Peeters, Dr. Ir. W. H. Husslage.
Paper presented at the ECIC Conference, Dusseldorf, Germany, June 2011

Piero Pulito (ILVA), Javier Mochdn Mufioz (CENIM): Quantification of fuel efficiency of anthracite, BF dust and char coal in the
sinter process. Project Deliverable.

Tim Peeters (TATA): Onstrand flame front characterisation method. Project Deliverable.
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INNOCARB

Innovative carbon products for substituting coke on BF operation

Type of Project Research Duration (months) 42
Total Budget 2575225 € Start Date 1/07/2010
EU Contribution 1545136 € End Date 31/12/2013

Project completed, final report not published yet

Based on positive experiences with charging self reducing iron oxide carbon briquettes into a blast furnace, carbon briquettes
shall be developed for coke substitution. To get reasonable mechanical briquette strength, undersized BF coke fractions as base
material shall be used together with alternative carbon fines like e.g. low volatile coal or lignite coke together with a binder.

For further decrease in coke consumtion activated carbon material shall be charged into the ferrous layer. Due to high reactivity
against CO? that carbon will participate in the solution loss reaction producing CO and decrease the thermal reserve zone
temperature in the blast furnace. The expected benefits are increased indirect reduction and decreased direct reduction as well
as reduced energy consumption. Here two different technologies for application to blast furnace operation are traced: the
activation of nut coke and the agglomeration of active pet coke.

Country Scientific person in charge
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Roland PIETRUCK (Pr. Coord.)
DK RECYCLING & ROHEISEN GmbH DEUTSCHLAND Carsten HILLMANN
LUOSSAVAARA-KIIRUNAVAARA AB (LKAB) SVERIGE Nicklas EKLUND
SWEREA MEFOS AB SVERIGE Lena SUNDQVIST OQVIST
THYSSENKRUPP STEEL EUROPE AG DEUTSCHLAND Horst MITTELSTADT
UNIWERSYTET SLASKI POLAND lwona JELONEK
VOESTALPINE STAHL GMBH OESTERREICH Thomas BUERGLER
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IERO

Iron production by electrochemical reduction of its oxide for high CO? mitigation

Type of Project Research Duration (months) 48
Total Budget 3962766 € Start Date 1/07/2010
EU Contribution 1834616 € End Date 30/06/2014

Running project

www.ulcos.org/

The present proposal aims at developing a breakthrough technology to produce steel without any direct CO2 emissions. The
solution consists in using electricity directly to decompose iron oxide into metal and oxygen. The proposal is following up on the
ULCOS program, during which the key phenomena controlling the efficiency of the electrochemical reaction have been identified.
The work packages are focused on understanding the physics and chemistry of these phenomena in order to propose the design
at the scale of an industrial individual cell of an optimised technology demonstrating a very high level of CO2 mitigation.

Country Scientific person in charge
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Hervé LAVELAINE DE MAUBEUGE (Pr.
Coord.)
ELECTRICITE DE France FRANCE Alain HITA
FUNDACION TECNALIA RESEARCH & INNOVATION ESPANA Ménica SERNA
NORGES TEKNISK-NATURVITENSKAPELIGE UNIVERSITET NORGE Geir Martin HAARBERG
STIFTELSEN SINTEF NORGE Karen Sende OSEN
TATA STEEL NEDERLAND TECHNOLOGY BV NEDERLAND Sieger VAN DER LAAN
UNIVERSIDADE DE AVEIRO PORTUGAL Jorge FRADE

J.F. Monteiro, J.C. Waerenborgh, A.V. Kovalevsky, A.A. Yaremchenko, J.R. Frade, Synthesis of Sr0.9K0.1FeO3-d electrocatalysts by
mechanical activation, Journal of Solid State Chemistry 198 (2013) 169-175. DOI 10.1016/j.jssc.2012.10.009.

H. Lavelaine de Maubeuge: Influence of geometric variables on the current distribution uniformity at the edge of parallel plate
electrodes, Electrochimica Acta 56 (2011) 10603— 10611. DOI 0.1016/j.electacta.2011.06.074.

Andrei V. Kovalevsky, Eugene N. Naumovich, Aleksey A. Yaremchenko, Jorge R. Frade, High-temperature conductivity, stability
and redox properties of Fe3-xAlIxO4 spinel-type materials, Journal of the European Ceramic Society 32 (2012) 3255-3263. DOI
10.1016/j.jeurceramsoc.2012.04.040.

J.F. Monteiro, A.A.L. Ferreira, I. Antunes, D.P. Fagg, J.R. Frade, Thermodynamic restrictions on mechano synthesis of strontium
titanate, Journal of Solid State Chemistry 185 (2012 ) 143-149. DOI 10.1016/j.jssc.2011.10.044.

E.M. Domingues, E.V. Tsipis, A.A. Yaremchenko , F.M. Figueiredo, J.C. Waerenborgh, A.V. Kovalevsky, J.R. Frade, Redox stability
and electrical conductivity of Fe2.3Mg0.704+d, spinel prepared by mechanochemical activation. Journal of the European Ceramic
Society 33 (2013) 1307-1315. DOI 10.1016/j.jeurceramsoc.2012.12.014.
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EXTUL

Investigations of measures for extension of BF tuyere life time

Type of Project Research Duration (months) 42
Total Budget 1354331 € Start Date 1/07/2011
EU Contribution 812599 € End Date 31/12/2014

Running project

The damage of blast furnace tuyeres happens up to 80 times a year at normal BF operation. Each single tuyere damage effect a
stoppage of the whole BF for several hours. Energy and money is spent without any benefit in form of HM production.

To ensure its competitiveness and sustainability, the European steel industry must reduce those unplanned BF stoppages.

The objective is to define practical measure for BF operators for the extension of tuyere life time.

Country Scientific person in charge
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Jérg ADAM (Pr. Coord.)
ISD DUNAFERR DUNAI VASMU Zrt. HUNGARY Imre TITZ
THYSSENKRUPP STEEL EUROPE AG DEUTSCHLAND Andrej JOHNEN
VOESTALPINE STAHL GMBH OESTERREICH Stefan SCHUSTER
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HISARNA B and C

Hisarna experimental campaigns B and C

Type of Project Research Duration (months) 42
Total Budget 11212004 € Start Date 1/07/2011
EU Contribution 6727202 € End Date 31/12/2014

Running project

www.ulcos.org/

Hisarna is a new Ironmaking concept developed under FP6-ULCOS, characterised by very low CO2 emissions and direct use of
coal and ore. It combines previous developments known as CCF and Hismelt.

The main objective within the proposed project is to gain a detailed understanding of the process principles and hardware
performance and thus knowledge towards the robustness of the process concept.

After design of experiments and related engineering, trials are to be performed in the Hisarna experimental plant in IUmuiden.
These trials should eventually provide information for a next scale up of the process.

Country Scientific person in charge
TATA STEEL NEDERLAND TECHNOLOGY BV NEDERLAND Koen MEUER (Pr. Coord.)
AKTIEN-GESELLSCHAFT DER DILLINGER HUTTENWERKE AG DEUTSCHLAND Karl-Hermann TACKE
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Jean Pierre BIRAT
ILVA S.P.A. ITALIA Michele ZAGARIA
KUTTNER GmbH & Co. KG DEUTSCHLAND Wolfram KUTTNER
LUOSSAVAARA-KIIRUNAVAARA AB (LKAB) SVERIGE Peter SIKSTROM
PAUL WURTH S.A. LUXEMBOURG Paul GOEDERT
SAARSTAHL AG DEUTSCHLAND Christian GUNTHER
SSAB EMEA AB SVERIGE Jonas LOVGREN
THYSSENKRUPP STEEL EUROPE AG DEUTSCHLAND Zoltan TASZNER

VOESTALPINE STAHL GMBH

OESTERREICH

Christoph FEILMAYR

Smelt cyclone and apparatus provided with such a smelt cyclone, Patent application W02013/091847, H.K.A. Meijer, C. Zeilstra

Developments in Alternative lIronmaking, Koen Meijer, Christiaan Zeilstra, Cornelis Teerhuis, Maarten Ouwehand, Jan van der
Stel, Transactions of the Indian Institute of Metals, July 2013,
http://www.springerlink.com/openurl.asp?genre=article&id=doi:10.1007/s12666-013-0309-z

Hlsarna - the ecologically sustainable iron making process, Koen Meijer, Minerals and Metals review April 2012, Page 40 — 43.
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IMSIMI

Improved sinter mix preparation while using challenging raw materials

Type of Project Research Duration (months) 42
Total Budget 2494056 € Start Date 1/07/2011
EU Contribution 1496434 € End Date 31/12/2014

Running project

Iron ores show a downward trend of their quality (finer particles, broader size distribution, lower grades and higher fluctuation of
properties).

To ensure its competitiveness and sustainability, the European steel industry must use such ores together with recycled materials
at the sinter plant, while improving sinter quality and productivity at lowest possible environmental impact and energy
consumption.

The objective of this project is to allow an optimal use of challenging input materials in such a difficult context, by an advanced
control of all preparation phases (mixing, granulation, etc.) and a better understanding of their impact on the sintering process.

Country Scientific person in charge
CENTRE DE RECHERCHES METALLURGIQUES ASBL BELGIQUE Frédéric VAN LOO (Pr. Coord.)
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Jean-Frangois DOUCE
TATA STEEL NEDERLAND TECHNOLOGY B.V. NEDERLAND Maria MARTINEZ PACHECO
UNIVERSITE DE LIEGE BELGIQUE Eric PIRARD
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Roland PIETRUCK
VOESTALPINE STAHL GMBH OESTERREICH Herbert SCHMID
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SUSTAINTAP

Blast furnace sustained tapping practice

Type of Project Research Duration (months)
Total Budget 2877812 € Start Date
EU Contribution 1726687 € End Date

Running project

The key objective of this proposal is to optimise the blast furnace tapping practice.

42
1/07/2012
31/12/2015

The innovative approach is the combination of direct liquid level and flow measurements and the characterisation of drainage

regimes.

This will result in a better understanding of the hearth processes and in improved casting rules based on actual measurements.
The proposed applications will contribute to a stable and thus more efficient blast furnace process in terms of operational safety,

energy consumption and economy.

Country
TATA STEEL NEDERLAND TECHNOLOGY B.V. NEDERLAND
AKTIEN-GESELLSCHAFT DER DILLINGER HUTTENWERKE AG DEUTSCHLAND
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE
CENTRE DE RECHERCHES METALLURGIQUES ASBL BELGIQUE
LUOSSAVAARA-KIIRUNAVAARA AB (LKAB) SVERIGE
SWEREA MEFOS AB SVERIGE
SALZGITTER FLACHSTAHL GmbH DEUTSCHLAND
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND
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Scientific person in charge
Jan van der STEL (Pr. Coord.)
Rongshan LIN

Benoit LECACHEUX

Claudio OJEDA

Nicklas EKLUND

Lena SUNDQVIST OQVIST
Tatjana MIRKOVIC

Yalcin KAYMAK
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IMPCO

Improved coal combustion under variable blast furnace conditions

Type of Project Research Duration (months) 42
Total Budget 2481011 € Start Date 1/07/2012
EU Contribution 1488607 € End Date 31/12/2015

Running project

High pulverised coal injection (PCl) rates for minimisation of coke consumption are state of the art in blast furnace (BF) operation.
Increasing need for flexible production rate with changing operational conditions and limited availability of matching coal types
causes constraints for high PCl rates and results in higher total carbon © consumption. The overall project objective is to reduce
the coke consumption also under these difficult new conditions by increased injection of conventional PC or new carbon products
at the same time as the total rate of reducing agents is minimised. Additionally, some plants are restricted not only in supply of
coals of stable and desirable quality, but also in oxygen capacity or injection system layout.

The project will contribute to improved competiveness of European steel industry by reduced costs and ecological footprint of
carbon with respect to air. The flexibility will be improved by customizing new carbon products for injection available on the
market at the same time as need for high rank coking coals can be decreased.

The objectives are reached by implementation of monitoring methods for injection-material quality, which improves BF heat
level control and stability. The injection lances are modified for enhanced blast oxygen supply to coal plume, increasing the
conversion efficiency of injected carbon material, minimising fines accumulation in lower zone of the BF and allowing minimum
coke rates. Modification of lance design and necessary adjustments of blast parameters shall be carried out with the restriction at
the actual BF plant in mind, without demands for major investments in the injection facilities.

Decreased use of metallurgical coke and high rank coking coals by replacing them with low rank coals or new carbon materials
harmonize with ESTEP priorities of adaptation of the ironmaking process to lower quality materials.

Country Scientific person in charge
SWEREA MEFOS AB SVERIGE Lena SUNDQVIST OQVIST (Pr. Coord.)
LUOSSAVAARA-KIIRUNAVAARA AB (LKAB) SVERIGE Gunilla HYLLANDER
SSAB EMEA AB SVERIGE Bjorn JANSSON
THYSSENKRUPP STEEL EUROPE AG DEUTSCHLAND Alexandra HIRSCH
VOESTALPINE STAHL DONAWITZ GmbH OESTERREICH Hugo STOCKER
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Michael HENSMANN
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OPTISTOVE

Optimisation of blast furnace hot stove operation

Type of Project Research
Total Budget 1916301 €
EU Contribution 1149781 €

Running project

Duration (months)
Start Date
End Date

42
1/07/2012
31/12/2015

European steelmaking rely on relatively old plant that often experience problems with hot stove performance and operation. This
project aims at developing and optimising techniques that makes the operation more efficient and stable thus reducing
emissions, cost and energy demand. Stove oxygen enrichment , preheating of fuel/air, automated stove control concept and
general guidelines for characterisation and optimisation of hot stoves will be developed to help European steelmakers improve
its operations and increase its competitiveness. All techniques will be developed through a combination of theoretical work, pilot
scale trials and industrial scale trials. A proper evaluation of the different techniques are ensured by thoroughly analysing the
effect on the whole steelmaking production system. The results will be delivered as general guidelines and can in practice be

applied by all European steel plants.

SWEREA MEFOS AB

DK RECYCLING & ROHEISEN GmbH

SSAB EMEA AB
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH
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Country
SVERIGE
DEUTSCHLAND
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DEUTSCHLAND

Scientific person in charge
Chuan WANG (Pr. Coord.)
Jurgen SCHLIMBACH

Erik OLSSON

Sebastian KOTZICH
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OPTIPER

Optimisation of permeability bars to customise sinter plants on changing demands

Type of Project Research Duration (months) 42
Total Budget 1560357 € Start Date 1/07/2012
EU Contribution 936214 € End Date 31/12/2015

Running project

Most sinter plants use permeability bars (rakes) to effectively raise productivity. However, still very few knowledge exists about
their influences on the process. Consequently, they can hardly be adapted to changing conditions.

Aim of ,,OptiPer” is to completely understand the influences of permeability bars on the local processes, productivity and quality.
A unique set of well-coordinated operational trials at several plants will be performed and analysed by measurements and
innovative models. A generally applicable optimisation strategy will be developed and guidelines for adaption to changing
conditions/demands (raw materials, production, quality). Special attention will be paid on vertical permeability bars.

Country Scientific person in charge
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Michael HILLERS (Pr. Coord.)
ARCELORMITTAL ESPANA SA ESPANA Javier RODRIGUEZ SOMOANO
AGENCIA ESTATAL CONSEJO SUPERIOR DE INVESTIGACIONES ESPANA José Ignacio ROBLA VILLALBA
CIENTIFICAS
THYSSENKRUPP STEEL EUROPE AG DEUTSCHLAND Thorsten STURMER
VOESTALPINE STAHL DONAWITZ GmbH OESTERREICH Roland MAYERHOFER
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FLEXCOKE

Flexible production of coke using alternative coals - effects on coke properties under blast furnace
conditions

Type of Project Research Duration (months) 42
Total Budget 4955167 € Start Date 1/07/2013
EU Contribution 2973100 € End Date 31/12/2016

Running project

Limited availability and high costs for high quality cokemaking coals on the global market leads to importance of using alternative
coal and carbon containing material. FLEXCOKE will increase the flexibility for selecting alterative carbon sources for cokemaking
and produce coke of a quality that meets the requirements for stable blast furnace (BF) operation. This contributes to reduced
costs for hot metal production with similar or lower carbon input and CO2 emission. The uniqueness of the proposed research is
to link alternative raw material for cokemaking to BF coke properties and BF behaviour. Coke will be produced from alternative
blends suitable for cokemaking plants and tested for BF requirements in innovative laboratory tests and in a BF, both on pilot and
industrial scale. Development and use of innovative test methods in combination with samples from BF testing will improve the
classification of coke quality relative BF conditions. Activities in the work program will contribute to the overall objective and
includes characterisation and selection of coal/carbon-containing materials to be added to the coal blend, production of test coke
in laboratory, pilot and full scale for metallurgical testing in the laboratory using standard equipment and a new test developed in
the project, in a tuyere rig creating raceway realistic conditions, in an experimental BF and in full scale. The partners contribute
complementary experience and facilities that in combination with tests at external laboratories forms a unique research
structure. Combining standard methods with specific ones as methods for microstructure determination (isotropy/anistropy,
graphitisation), microscopic gasification studies and particle shape determination the treated samples can be efficiently explored.
Combining operational data with solid sample evaluation the impact of properties of alternative materials on coke quality and BF
operation can be stated and the requirement for BF partly deduced.

Country Scientific person in charge
SWEREA MEFOS AB SVERIGE Maria LUNDGREN (Pr. Coord.)
LUOSSAVAARA-KIIRUNAVAARA AB (LKAB) SVERIGE Nicklas EKLUND
SSAB EMEA AB SVERIGE Dan HEDKVIST
TATA STEEL UK LIMITED UNITED KINGDOM John Regan PILLAI
THYSSENKRUPP STEEL EUROPE AG DEUTSCHLAND Alexandra HIRSCH

158



RFSR-CT-2014-00001

Info

State

Provisional Abstract

Partners

Summaries of RFCS Projects 2003-2014
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CharFoCo

Char formation, transportation and consumption in the blast furnace and its impact on coke rate

Type of Project Research Duration (months) 42
Total Budget 2004743 € Start Date 1/07/2014
EU Contribution 1202844 € End Date 31/12/2017

Running project

The quality of usable raw materials for blast furnace ironmaking decreases. Coal quality can vary in a wide range, making it
difficult to keep minimum coke rate and stable blast furnace conditions. Additional demand of production flexibility increases
problems regarding process stability. With the decreasing iron ore qualities, maintaining high productivity and in economically
harder situations, maintaining low specific coke rate becomes problematic. To investigate the appropriateness of coals or coal
blends for injection, it is important to investigate the correlations between coal characteristics, impact on raceway conditions and
impact on overall blast furnace characteristics, also including impact on melting, smelting and permeability of the burden. At
industrial plants, high PCl operation seems to be sometime limited by the intrinsic nature of the coal. It might be relatively easy
to reach coal rates above 200 kg/thm with one coal and difficult to inject more than 170 kg/thm with another one. For a
minimisation of the coal rate, not only the conversion of coals in the raceway, but also the conversion and behaviour of the un-
burnt coal char in the blast furnace are of importance. The reactions on the inside of the blast furnace are hardly predictable
especially without special measurement equipment. Interpretation of typical, available plant data to draw conclusions on the
inside of the furnace is difficult and shall be part of this project.

Country Scientific person in charge
TATA STEEL NEDERLAND TECHNOLOGY B.V. NEDERLAND Stefan BORN (Pr. Coord.)
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Dominique SERT
CENTRE DE RECHERCHES METALLURGIQUES ASBL BELGIQUE Claudio OJEDA
RHEINISCH-WESTFALISCHE TECHNISCHE HOCHSCHULE AACHEN DEUTSCHLAND Dieter G. SENK
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Technical Group Steel 2

Steelmaking Processes

The scope of TGS2 includes:

e Electric arc furnace processes

e Physico-chemical metallurgy of liquid steel and slag

e Recycling of steel scrap

e Secondary metallurgy techniques

e Standardisation of testing and evaluation methods

e Maintenance and reliability of production lines

e Reduction of emissions, energy consumption and improvement of the environmental impact

e Instrumentation, modelling and control of processes
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FULL-REC 2

Hydrometallurgical continuous treatment of ZnO enriched powders for metal zinc production

Type of Project Pilot& Demonstration Duration (months) 24
Total Budget 1460000 € Start Date 1/09/2003
EU Contribution 584000 € End Date 31/08/2005

Project completed

Country Scientific person in charge
CENTRO SVILUPPO MATERIALI SPA ITALIA Loredana DI SANTE (Pr. Coord.)
ASO SIDERURGICA S.R.L. ITALIA Silvano PANZA
ACCIAI SPECIALI TERNI SpA ITALIA Daniele MORONI
TECHINTSpA ITALIA Marcello POZZI
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RFSR-CT-2003-00008 = IMSTEELLAD

Investigations and measures to reduce emissions and energy consumption during preheating of

steel ladles

Info || Type of Project Research Duration (months) 40
Total Budget 1775447 € Start Date 1/09/2003
EU Contribution 1065268 € End Date 31/12/2006

State  Project completed

Final Report

Final Abstract  The goal of this research project was to optimise the ladle preheating procedure for emissions and energy consumption. The
project began with a detailed analysis of the present situation of ladle heating at the different steel plants (including on-site
measurements). The ladles investigated differ in size, in heating procedure and refractory lining. The outgassing behaviour of
eight typical refractory products was tested in newly developed (material and combustion) test facilities. The highest amount of
outgassing volatile components occurs at a brick temperature of 450°C. A thermo-kinetic model was developed, based on
experimental results and CFD simulations of the ladle flow field (including the burner flame), to describe the interaction of fluid
flow, heat transfer, evaporation rate (outgassing behaviour) of the volatile components and their combustion. A simplified
version of this model was produced for use as a 'ladle temperature control model' at the participating plants. The optimisation of
the ladle flow field led to a new suction hood design for the heating system. The main features are the 'U'-shaped flow inside the
ladle and a heat recovery in the exhaust channel, which led to a complete burnout of the volatile components and enabled the
change from an oxygen/natural-gas combustion to an air/natural-gas combustion. These heating systems were installed in the
participating plants. The energy consumption was reduced by approximately 20 %, NOx by 90 % and PAH down to around 10
ppm. When in operation the ladle temperature control model is successful.

Country Scientific person in charge
Partners VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Wolfgang ADLER (Pr. Coord.)
ACCIAI SPECIALI TERNI SpA ITALIA Vinicio DE ANGELIS
CENTRO SVILUPPO MATERIALI SPA ITALIA Mario TONELLI
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA Gonzalo ALVAREZ DE TOLEDO
THYSSENKRUPP NIROSTA GMBH DEUTSCHLAND Uwe de FRIES
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PROMS

Cost efficient metallurgy for the production of novel ultra high strength deep drawable steel grades
with high Mn contents from 10 to 25 wt.-%

Type of Project Research Duration (months) 36
Total Budget 934489 € Start Date 1/09/2003
EU Contribution 560693 € End Date 31/12/2006

Project completed

The presented project addresses a current need for novel ultra-high strength deep-draw-able steels with high manganese
contents with extremely improved properties for lightweight construction. The aim of the work was the selection and
development of suitable technologies of primary and secondary metallurgy for the production of these steels with an emphasis
on the BOF route. A combination of theoretical investigations, laboratory development and pilot-scale trials was used. Various
fundamental aspects related to the production of these steel grades have been investigated like metal/slag reaction and melt
refining, decarburization of the melt, reactions with the refractory and so on. This was done by laboratory scale experiments and
theoretical modelling. Based on these fundamental investigations, pilot scale trials in an experimental BOF have been performed
which have proven the possibilities to alloy crude steel (produced in the same vessel by LD process) up to 20% wt. Mn. Small-
scale trials have demonstrated possibilities and limitations of secondary metallurgical treatments. A kinetic process model to
investigate the principles of different process routes for the production of high Mn steels was set up and was applied to three
principle production routes (BOF based, VOD and an EAF based route). The role of tramp elements for the considered production
routes has been regarded. Their influence on the technological steel properties has been investigated as a prerequisite to define
allowable contents to be fulfilled by the metallurgical process. The costs for production have been calculated for the regarded
routes. Special aspects of the specific route and alloy are discussed.

Country Scientific person in charge
SALZGITTER MANNESMANN FORSCHUNG GmbH DEUTSCHLAND Christian REDEKER (Pr. Coord.)
SWEREA MEFOS AB SVERIGE Ralph NYSTROM
TECHNISCHE UNIVERSITAET CLAUSTHAL DEUTSCHLAND Karl-Heinz SPITZER
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REC DC EAF

Monitoring system for controlling and reducing the electrode consumption in DC EAF plants

Type of Project Research Duration (months) 36
Total Budget 1050400 € Start Date 1/09/2003
EU Contribution 630240 € End Date 31/08/2006

Project completed

The general aim of this project was to reduce graphite electrode consumption at DC EAF plants. Camera-based systems allowing
for monitoring of the state of the electrode after the melting of each scrap basket were installed in the steel plants of
ArcelorMittal Esch-Belval and Differdange. Dedicated image analysis software and logging systems were developed to follow up
the electrode wear. Three industrial measurement campaigns were carried out. Electrode consumption was calculated on a
basket-by-basket basis and the accuracy of the measurement method was evaluated. Industrial results were studied in detail,
splitting electrode consumption into three main mechanisms: continuous consumption, crack losses and stub-end losses.
Statistical analyses were then carried out, and the main operating parameters influencing the different modes of consumption
identified. An extended version of the BFI electrode consumption model was proposed and validated. Additional investigations
(using X-ray scanning and metallographic analyses) were carried out on industrial electrode samples to study the generation and
propagation of cracks in the electrode material. CSM carried out dedicated pilot-scale tests in order to evaluate the influence of
several process parameters on electrode consumption and to study the behaviour of artificially cracked electrodes. Guidelines to
reduce the electrode consumption in DC plants were proposed. Four such camera-based electrode-monitoring systems have now
been installed in industrial EAF plants and more are envisaged. The system is used both online by furnace operators and offline
by plant managers to negotiate with electrode suppliers and to support the development of new electrode solutions.

Country Scientific person in charge
CENTRE DE RECHERCHES METALLURGIQUES ASBL BELGIQUE Jean BORLEE (Pr. Coord.)
CENTRO SVILUPPO MATERIALI SPA ITALIA Loredana DI SANTE
ProfilARBED S.A. LUXEMBOURG Jean-Claude BAUMERT
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Bernd KLEIMT
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EAFDYNCON

Dynamic control of EAF burners and injectors for oxygen and carbon for improved and reproducible
furnace opertion and slag foaming

Type of Project Research Duration (months) 42
Total Budget 1545849 € Start Date 1/09/2003
EU Contribution 927509 € End Date 28/02/2007

Project completed

The objective of the project was the development of techniques to improve the control of the energy input by natural gas
burners and of the wall mounted oxygen and carbon injectors of the electric arc furnace (EAF). Process data acquisition and
measurement systems for foamy slag detection were implemented at the EAFs of ArcelorMittal Belval (DC), Sidenor (AC) and
GMH (DC). Plant trials with different carbon and oxygen injector configurations and operation regimes were evaluated to derive
control strategies for carbon and oxygen injectors regarding foamy slag control and adjustment of final carbon and oxygen
content of the melt. A laser-based distance sensor was developed, tested and installed inside a natural gas burner, to detect the
distance to the actual scrap load in front of the burner during scrap preheating. A tentative control algorithm for the burner
operation was derived from industrial trials at the ArcelorMittal Belval EAF. A comparison with the water-cooled panel
overheating proved the ability of the sensor to predict the blow-back phenomenon and thus to avoid burner damage. Control
concepts for carbon and oxygen injection were developed on the basis of carbon and oxygen content measurements, signals for
foamy slag detection, off-gas analysis values and dynamic model calculations. The online implementation of an automatic injector
control at the Sidenor EAF led to a reduction of the main EAF parameters, like power-on and power-off times, and electrical
energy consumption. Furthermore, the foamy slag performance was improved. Results of plant trials showed that similar results
can be expected when dynamic control concepts are implemented online at the EAFs of ArcelorMittal Belval and GMH.

Country Scientific person in charge
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Bernd KLEIMT (Pr. Coord.)
CENTRE DE RECHERCHES METALLURGIQUES ASBL BELGIQUE Pierre NYSSEN
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA Santiago LANDA LAZCANO
GEORGSMARIENHUTTE GmbH DEUTSCHLAND Ingo KOLM
ProfilARBED S.A. LUXEMBOURG Jean-Claude BAUMERT

Device and process for the dynamic combustion control of a burner of an electric arc furnace. P. Nyssen, C. Mathy, M. Schyns.
Patent EP1703241 - 20060920

Kleimt, B., Kéhle, S., Kiihn, R., Zisser, S. Application of models for Electrical Energy consumption to improve EAF operation and
dynamic control. Proceedings of 8th European Electric Steelmaking conference, Birmingham, UK, 9-11 May 2005, p. 183 — 197

"P. Nyssen, C. Mathy, J. Borlee, J.L. Junque, N. Petre, M. Brimmeyer, J.C. Baumert: ""Automatic setting of the EAF burners"",
Journees Siderurgiques Internationales, ATS, Paris, 14.-15. December 2006, and La Revue de Métallurgie-CIT, Octobre 2007, p.
501-506"

P. Nyssen, C. Mathy, M. Brimmeyer, D. Gualtieri, D. Rigoni J.C. Baumert: “Innovative technique for reliable operations and blow-
back prevention of EAF combined burners, burners and injectors”. 9th European Electric Steelmaking Conference, Krakow,
Poland, 19.-21. May 2008

S. Landa, T. Rodriguez, J.L. Mufioz and J.J. Laraudogoitia: Dynamic control of slag foaming at Sidenor Basauri meltshop.
Proceedings 9th European Electric Steelmaking conference. Krakow, Poland, 19.-21. May 2008
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RFSR-CT-2003-00042 BOFDYN

Dynamic end point in BOF through a fast and simultaneous determination of the steel/slag

composition

Info || Type of Project Research Duration (months) 40
Total Budget 1102151 € Start Date 1/09/2003
EU Contribution 661290 € End Date 31/12/2006

State  Project completed

Final Report

Final Abstract  In order to achieve shorter tap-to-tap time and hence higher productivity at the BOF, process events related to the control of the
melt analysis, such as stop of the oxygen blow, lance withdrawal or vessel tilting, have to be avoided. A new method for
controlling the BOF process is proposed here. It involves the use of an original in-blow heterogeneous sampler simultaneously
collecting slag and steel and a dedicated laser analytical method (LIBS). With this method, the aim is to deliver as quickly as
possible a complete analysis of the steel and slag collected by the heterogeneous sampler (Fe, C, P, S ...). Besides the setting-up
of the heterogeneous in-line sampling, a specific procedure has been developed in order to recognise the laser shots coming out
from slag and from steel when moving the heterogeneous sample during its analysis. Combined with a metallurgical model, the
processing of the data generated with the heterogeneous sampler leads to dynamically assess the state of the refining progress
and to define the corrective actions in order to allow a safe direct tapping practice. The expected benefits are a reduced reblow
rate, a tap-to-tap saving (a gain of 2-3 minutes per heat can be expected), a reduced trunion wear, as well as an increased
refractory lining life and process yield. Developed for a converter without sub-lance, the method was adapted for converters
equipped with a sub-lance. Results of orientation tests are presented here.

Country Scientific person in charge
Partners CENTRE DE RECHERCHES METALLURGIQUES ASBL BELGIQUE Michel WAUTERS (Pr. Coord.)
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Michel HEMMERLIN
HERAEUS ELECTRO-NITE INTERNATIONAL NV BELGIQUE Johan KNEVELS
SWEREA KIMAB AB SVERIGE Arne BENGTSON
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DOT Application

Application of direct optical temperature measurement in steelmaking process

Type of Project Pilot& Demonstration Duration (months) 36
Total Budget 789975 € Start Date 1/07/2004
EU Contribution 315990 € End Date 30/06/2007

Project completed

Evaluation of the bath temperature distribution at the end of the main blowing phase of an LD-steelmaking converter revealed
that about 20 % of the heats have a temperature deficit and must be re-blown. Another 30 % of the heats are overblown with too
high a bath temperature. To overcome these disadvantages, a new online temperature measuring system was developed to
enable direct determination of bath temperature during the oxygen blowing process. The measuring system uses an optical fibre
which is continuously fed into the steel melt through a bottom gas stirring nozzle. The measurement device was installed at a 185
t converter and several test campaigns were performed. With regard to the number of measured heats, the availability of the
measuring system itself was better than 98 %, but the availability of a free bottom nozzle was only about 40 % due to the
formation of accretions at the nozzle tip. Since the accuracy of the measuring system is influenced by working conditions, it was
addressed in laboratory trials and plant trials. A standard deviation of 13.4 K was determined in the plant trials, whereas it was
identified as 9.5 K in the laboratory trials. The measuring system was also used for end-point control of the oxygen blowing
process. This was performed by continuous temperature measurement in the final refining stage. Re-blowing due to temperature
deficit or over-blowing with too high bath temperatures could be minimised. However, further research is needed to establish
how the passage through the bottom nozzle can be kept clear.

Country Scientific person in charge
AKTIEN-GESELLSCHAFT DER DILLINGER HUTTENWERKE AG DEUTSCHLAND Helmut LACHMUND (Pr. Coord.)
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Herbert KOCHNER
DE102005061675

T. Lamp, H. Kéchner, H. Lachmund, Y. Xie: Direct optical temperature measurement in the converter. Proceedings of the 27th ATS
Conference 2006, Paris, 14-15.12.06, 224-225

H. Kéchner, T. Lamp: Neue Techniken der kontinuierlichen optischen Temperaturmessung im Stahlwerk. Stahl und eisen 129
(2009) Nr. 3, 39-45

T. Lamp, H. Kéchner, H. Lachmund, Y. Xie: Direct blowing end point determination by on-line temperature measurement in a LD-
converter. Proceedings of the 6th European Oxygen Steelmaking Conference (EOSC), 2011, Stockholm
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EAFCAMERA

Control by camera of the EAF operations in airtight conditions

Type of Project Research Duration (months) 42
Total Budget 969780 € Start Date 1/07/2004
EU Contribution 581868 € End Date 31/12/2007

Project completed

growing number of EAFs are equipped with wall-mounted injectors and operate with the slag-door closed. In order to observe
the scrap-melting process under these conditions, CRM has developed a camera-based technology to monitor the inside of the
furnace during meltdown. The camera system is able to see through combustion gases by selecting its wavelength to be in the
mid-infrared spectral band. The first industrial application of this camera technology was carried out at the ArcelorMittal Esch-
Belval plant, which is equipped with a DC furnace. The endoscopic system was mounted inside a dedicated burner in the furnace
sidewall. The burner flame provided a clearance area and helped to protect the optical window from slag/metalsplash. Many
heats were monitored with this system, showing scrap-drop events and the scrap-melting phase in real time. The camera system
was also installed in the roof of Corus Engineering Steel’s AC ‘N’ furnace. A holder was especially designed to prevent slag and
metal splash from adhering to the tip of the endoscope by blowing high volumes of air through a De-Laval nozzle. The image
quality at the beginning and end of a melt was generally very good.However, after several minutes of arcing, generation of high
dust density had a significantly deleterious effect on the resolution of the images. Towards the end of the melting period, the
view cleared again and excellent quality images were seen of foaming slag behaviour. The tapping process could be plainly seen
as well as the hot heel before next scrap charging.

Country Scientific person in charge
CENTRE DE RECHERCHES METALLURGIQUES ASBL BELGIQUE Pierre NYSSEN (Pr. Coord.)
ARCELORMITTAL BELVAL & DIFFERDANGE S.A. LUXEMBOURG Jacques HOFFMANN
MORE S.r.l. ITALIA Giancarlo ANTONELLI
TATA STEEL UK LIMITED UNITED KINGDOM M. Stuart MILLMAN

NYSSEN Pierre, MATHY Cécile, SCHYNS Marc, “Device for observing the charge in an electric steel production furnace” Patent
Number: EP1457575 A1 20040915

P. Nyssen, C. Mathy, J.L. Junqué, N. Pétré, J.C. Baumert, J. Hoffmann, “Innovative Visualisation Technique at the Electric Arc
Furnace”,8th European Electric Steelmaking Conference, 9-11 May 2005, ICC, Birmingham, UK, ISBN 1-86125-161-1, Published by
I0M, May 2005, pp. 165-172.

M.S. Millman, P. Nyssen, C. Mathy, D. Tolazzi, L. Londero, J.C. Baumert, M. Brimmeyer, D. Gualtieri, D. Rigoni, “Direct Observation
of the Melting Process in an EAF with a Closed Slag Door”, European Electric Steelmaking Conference, 19-21 MAY 2008,
Jagiellonian University, Krakow, Poland, Archives of Metallurgy and Material, May 2008, Issue 2, pp. 464-468
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CONOPT SCRAP

Control and optimisation of scrap charging strategies and melting operations to increase steel
recycling ratio

Type of Project Research Duration (months) 42
Total Budget 1854704 € Start Date 1/07/2005
EU Contribution 1112822 € End Date 31/12/2008

Project completed

Country Scientific person in charge
CENTRE DE RECHERCHES METALLURGIQUES ASBL BELGIQUE Michel WAUTERS (Pr. Coord.)
ARCELORMITTAL BELVAL & DIFFERDANGE S.A. LUXEMBOURG Marco PICCO
CENTRO SVILUPPO MATERIALI SPA ITALIA Piero FRITTELLA
SWEREA MEFOS AB SVERIGE Jonas ALEXIS
NLMK LA LOUVIERE S.A. BELGIQUE Bernard POIZOT
TATA STEEL UK LIMITED UNITED KINGDOM Alan SCHOLES
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RFSR-CT-2005-00004 HINIST
Mastering of P-ESR technology for high nitrogen steel grades for high value applications

Info | Type of Project Research Duration (months) 42
Total Budget 1076922 € Start Date 1/07/2005
EU Contribution 646153 € End Date 31/12/2008

State  Project completed

Final Report

Final Abstract  "To respond to the need to increase and guarantee the reliability of the P-ESR process for the production of high nitrogen steels
in terms of nitrogen content of ingots, a better understanding about nitrogen pick-up from the gas phase at high pressure of
nitrogen and its transfer through the molten slag to the metal was sought. Extended experiments at both pilot and industrial
plant allowed the role of both slag composition and process parameters (mainly N partial pressure and melting rate) to be
investigated: the result was the establishment of an optimised slag composition able to allow the highest N transfer from the gas
phase to the molten metal and the confirmation of the positive role of a high nitrogen partial pressure as 40 bar. The activities
concerned mainly a martensitic steel called Cronidur 30 with a minimum requested N content of about 0.35 % wt; a parallel
activity was also carried out for two austenitic steels (P900N and P2000). Whereas standard production uses the continuous
addition of N-rich compounds to the slag continuously during the process to reach the requested N content in the steel,
experimentation at pilot plant and trials at industrial plant showed that a transfer of N just from the gas phase up to about 0.30 %
wt is possible by the use of an optimised slag and high N pressure. Moreover, to guarantee the reliability of the P-ESR process in
terms of nitrogen content in the produced ingots, a dynamic mathematic model, able to represent all the important nitrogen
transfer mechanisms for the metal, has been set up to support a dynamic control tool of the process. Laboratory formability
studies, thermomechanical processing in production conditions and mechanical testing on both steels confirmed the validity of
the new P-ESR operation procedures set up in the project regarding quality aspects of the final product.”

Country Scientific person in charge
Partners CENTRO SVILUPPO MATERIALI SPA ITALIA Andrea CAROSI (Pr. Coord.)
ENERGIETECHNIK ESSEN GmbH DEUTSCHLAND Volkher DIEHL
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Bernd KLEIMT
MATERIALOVY A METALURGICKY VYZKUM s.r.o. CZECH REPUBLIC Vlastimil VODAREK
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ImPurgingAr

Improvement of purging plugs performances by investigations on the materials, process analysis
and continuous monitoring

Type of Project Research Duration (months) 48
Total Budget 906380 € Start Date 1/07/2005
EU Contribution 543828 € End Date 30/06/2009

Project completed

The research programme was aimed at improving the purging plugs performance (desired gas injection flow rate through the
plug for an adequate working time) in argon stirring operations. From the fundamental point of view, the thermochemical effect
of the interaction between the plug refractory and the process has been investigated, in particular, concerning slag formation
under the process temperature conditions, and the interaction between such a slag and steel. In parallel, the plugs thermo
mechanical behaviour was studied, since thermal shock during stirring results in very strong mechanical stresses,harmful for the
refractory. The technology of measuring refractory wear during working has been suitably applied to purging plugs. A thermal
sensor has been improved and tested at laboratory scale. The proven technology, that foresaw thermocouples positioned along
plug thickness, has been used for industrial trials to measure purging plug wear. Plug wear has been evaluated on the basis of the
measured temperature and thermal distribution along the plug thickness. The solution adopted on plant in order to improve the
purging plugs performance has foreseen the use of gas controller system, to detect the plug occlusion, and the implementation
of gas maintenance procedure, aimed to remove the plug occlusions by blowing gas at high pressure. The technology capability
was verified in detecting and solving the conditions of plug fully or partly ‘blocked’.

Country Scientific person in charge
CENTRO SVILUPPO MATERIALI SPA ITALIA Mario TONELLI (Pr. Coord.)
ACCIAI SPECIALI TERNI SpA ITALIA Massimo PROIETTI CERQUONI
CALDERYS ITALIA SRL ITALIA Renzo PARODI
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Christian DANNERT
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PREDINC

Prediction of inclusions in the slabs from the process characteristics

Type of Project Research Duration (months) 42
Total Budget 1570504 € Start Date 1/07/2005
EU Contribution 942302 € End Date 31/12/2008

Project completed

This project is a collaboration between ArcelorMittal Espafia, SA, SSSA, ILVA, Helsinki University of Technology, Politecnico di
Milano, RWTH IEKH Aachen University and University of Oviedo and is coordinated by ArcelorMittal Espaia. The aim of this
project is to develop a system capable to determine the quality in the field of inclusions of steel before and during its production,
in order to change the setups to improve it. Data from four Steel shops, two partners expert in metallurgical modelling and three
partners with proven expertise in data-based models worked together, including crossed evaluation in order to produce, validate
and conclude the cleanliness model. Two ways of model development were carried out: classical thermodynamic calculation and
data-based analysis. Thermodynamical models provide good results for being the first approach to cleanliness models for
selected cases. Data Mining models are capable to imitate classical models, improving their performance for more cases although
it was demonstrated that it is not possible to manage all kinds of steel with a single model. Moreover, the need of improving
reliability of inspection system output to be used as model input was identified. In order to validate the models and get deeper
knowledge on inclusions formation inselected steel grades, several sampling campaigns and inclusions analysis have been done.
As expected, for similar steel grades the results obtained were similar, as expected. Finally a user interface and requirements for
integration of the developed models within the steel plant were also developed in the promising cases although it was not
completely extended as the range of steels where models are applicable is limited. Potential areas of exploitation for the results
from this project have been highlighted.

Country Scientific person in charge

ARCELORMITTAL ESPANA SA ESPANA Luis Fernando SANCHO MENDEZ (Pr.
Coord.)

ILVAS.P.A. ITALIA Nicola DELRE
POLITECNICO DI MILANO ITALIA Walter NICODEMI
RHEINISCH-WESTFALISCHE TECHNISCHE HOCHSCHULE AACHEN DEUTSCHLAND Dieter G. SENK
SCUOLA SUPERIORE DI STUDI UNIVERSITARI E DI ITALIA Valentina COLLA
PERFEZIONAMENTO SANT'ANNA
AALTO-KORKEAKOULUSAATIO (AALTO UNIVERSITY FOUNDATION  FINLAND Jukka LAINE
UNIVERSIDAD DE OVIEDO ESPANA Francisco ORTEGA FERNANDEZ
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ANALCO

On-line determination of the CO/CO2 concentration in the OG system in BOF converter

Type of Project Research Duration (months) 42
Total Budget 1228207 € Start Date 1/07/2005
EU Contribution 736924 € End Date 31/12/2008

Project completed

"The main results of the development are innovative systems for an online and accurate measurement of the concentration of
COx and 02 at OG system of BOF converter. Based on this measurement, it is possible to develop models of the gas extraction
system to optimise control over the OG system, improving the recovering and reuse of energetic gas. Two different technologies
based on FTIR and microwave were developed and tested at the plant site: - an FTIR based system proved to fulfil requirements
for online measuring proving its use in industrial application, in accordance with the results obtained, both at pilot plants in
laboratory as well as in a measurement campaign at the LDA Steel-shop of ArcelorMittal — Avilés Plant; - a microwave based
system tested at a pilot furnace in gas atmospheres with temperatures of 1 200 to 1 600 °C and 4 to 20 % vol. CO. The measured
data showed peak frequencies, which were close to peak frequencies known in the literature, and a dependency of the frequency
positions and line-widths from the gas temperature were observed. Integration with the plant automation of the new measuring
technique was developed: communication protocol and databases. A model for dynamic BOF control by using regression analysis
and neural networks was constructed. Coupling of the developed model based on artificial intelligence techniques with the
already existing thermo-chemical automation system and the fast in situ off-gas analysis allows closed-loop control of the BOF
process, with an average relative error of 0.028 and an average mean square error of 0.023."

Country Scientific person in charge
ARCELORMITTAL ESPANA SA ESPANA Luis Fernando SANCHO MENDEZ (Pr.
Coord.)
SWEREA MEFOS AB SVERIGE Johan ERIKSSON
RHEINISCH-WESTFALISCHE TECHNISCHE HOCHSCHULE AACHEN DEUTSCHLAND Dieter G. SENK
SCUOLA SUPERIORE DI STUDI UNIVERSITARI E DI ITALIA Valentina COLLA

PERFEZIONAMENTO SANT'ANNA
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EOSC 2006

5th European oxygen steelmaking conference 2006

Type of Project Accompanying measure (conferen Duration (months) 0
Total Budget 375400 € Start Date 26/06/2006
EU Contribution 20000 € End Date 28/06/2006

Project suspended, no final report published

The objective of the present proposal is the organisation and hosting of an European conference in the field of oxygen
steelmaking and secondary metallurgy.

The European Oxygen Steelmaking Conference (EOSC) series is organised in turn by one of the European Metallurgical Societies
and Associations. As such it represents the most comprehensive expert knowledge in steelmaking.

Past of the EOSC venues were:

¢ 1993: Neuss, D

e 1997: Taranto, |

® 2000: Birmingham, UK

® 2003: Graz, A

The Steel Institute VDEh is pleased to announce that it will organize the 5th European Oxygen Steelmaking Conference to be held
in Aachen, 26 — 28 June 2006.

The scope of the conference is to provide a forum for researchers, specialists and engineers from the European Union and abroad
to discuss and to inform themselves about latest process and plant technology developmens, research projects and results,
operation related questions of metallurgy, automation and process control and process integrated environmental protection
aspects in all

areas of basic oxygen steelmaking. Within this frame the diffusion of results gained on research projects by the European
Commission Steel RTD Programme is assured.

Country Scientific person in charge

STAHLINSTITUT VDEh DEUTSCHLAND Hans Bodo LUNGEN

Proceedings of the 5th European Oxygen Steelmaking Conference, 26 - 28 June 2006, Aachen (Germany). Verlag Stahleisen
GmbH, Dusseldorf.
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SSIA

Strengthened scrap impact area in BOF converters

Type of Project Research Duration (months) 42
Total Budget 1539162 € Start Date 1/07/2006
EU Contribution 923498 € End Date 31/12/2009

Project completed

The SSIA project was undertaken to develop and identify ways and means to improve the lining wear in exposed areas of BOF
refractory, more specifically the scrap impact area. Different maintenance operations were evaluated on the impact on wear
rates at different working conditions. A new improved refractory was developed and tested in field test in comparison with
conventional refractory for the scrap impact area. Techniques for air-mist cooling of the converter shell and cooling by gas
purging into the vessel were tested. Quantitative evaluation of different maintenance operations and new techniques was
performed. The conclusions from the project are that preventive maintenance operations performed during lining campaigns,
e.g. slag splashing and slag washing, are the most beneficial actions to achieve lower refractory wear rate in the scrap impact
area. Type of refractory is also an important factor, but plant conditions needs to be considered in the choice of refractory type.
Slag with bricks patching and patching with MgO-based masses are shown to be the most beneficial acute measures for repairing
excessive wear in the scrap impact area.

Country Scientific person in charge
SWEREA MEFOS AB SVERIGE Johan ERIKSSON (Pr. Coord.)
RHI AG OESTERREICH Gerald BUCHEBNER
RAUTARUUKKI OYJ FINLAND Simo ISOKAANTA
SSAB EMEA AB SVERIGE Hakan WAHLBERG
VOESTALPINE STAHL GMBH OESTERREICH Herbert MIZELLI
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OFFGAS

Improved EAF process control using on-line offgas analysis

Type of Project Research Duration (months) 36
Total Budget 2716188 € Start Date 1/07/2006
EU Contribution 1629711 € End Date 30/06/2009

Project completed

The objective of the project was to increase the efficiency of EAF oxygen injection and energy transfer to the scrap and melt. In
expansion to short-term investigations using off-gas analysis to monitor energy flow rate of the off-gas, permanent on-line
monitoring and control of the EAF process on the basis of off-gas analysis has been implemented. The continuous availability of
an on-line monitoring system of the EAF melting process has shown its effectiveness to provide an important tool for the steel
plant workers in order to optimize the EAF process with respect to optimal efficiency of oxygen lancing, carbon injection and
addition, energy transfer either from the arc and from the gas phase to the melted pool (post-combustion, scrap preheating). The
technical objective, to significantly increase the availability and applicability of the off-gas signals for on-line assessment and
control of postcombustion and for comprehensive EAF energy monitoring, has been achieved. Additionally, EAF process models
that were up to now mainly used for off-line process assessment of various aspects of EAF steel making, have been tested,
developed and applied for on-line EAF process and energy control. The work programme of the OFFGAS project partners was
organised by division into 8 work packages that were subdivided into various tasks. After installation and commissioning of the
off-gas analysis systems at the industrial partners (WP 1), off-gas data were assessed together with additional process data in
order to define the current state of EAF operation and to develop process models: optimal decarburization (WP 2), energy
monitoring system and optimal energy efficiency (WP 3), optimal postcombustion (WP 4), optimal Consteel process (WP 5),
advanced CRM process model at ArcelorMittal Differdange (WP 6). Results from plant trials and process modelling have been
used to compare and adapt the different process models and rules from each industrial partner (WP 7). Final plant trials with the
process models developed and/or adapted have been conducted as last work package (WP 8).

Country Scientific person in charge
RHEINISCH-WESTFALISCHE TECHNISCHE HOCHSCHULE AACHEN DEUTSCHLAND Herbert PFEIFER (Pr. Coord.)
CENTRE DE RECHERCHES METALLURGIQUES ASBL BELGIQUE Pierre NYSSEN
CENTRO SVILUPPO MATERIALI SPA ITALIA Filippo CIRILLI
DEUTSCHE EDELSTAHLWERKE GMBH DEUTSCHLAND Hans-Peter JUNG
STAHL- UND WALZWERK MARIENHUTTE GMBH OESTERREICH Axel GRABMEIER
O.R.l. MARTIN - ACCIAIERIA E FERRIERA DI BRESCIA SpA ITALIA Uggero DE MIRANDA
TENOVA SpA ITALIA Mauro BIANCHI FERRI
THYSSENKRUPP NIROSTA GMBH DEUTSCHLAND Helge MEES
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Bernd KLEIMT

H.-J. Krassnig, B. Kleimt, L. Voj, H. Antrekowitsch. EAF post-combustion control by on-line laser-based off-gas measurements. 9th
European Electric Steelmaking Conference EEC Krakau, 19. - 21.05.2008

V. Risonarta, L. Voj, H. Pfeifer, H.-P. Jung, S. Lenz. Optimization of electric arc furnace process at Deutsche Edelstahlwerke. 9th
European Electric Steelmaking Conference EEC Krakau, 19. - 21.05.2008

H.-J. Krassnig, B. Kleimt, L. Voj, H. Antrekowitsch. EAF post-combustion control using laser off-gas analysis. stahl und eisen 128
(2008) 41-52

V. Risonarta, T. Echterhof, L. Voj, H. Pfeifer, H.-P. Jung, S. Lenz. Optimization of the electric arc furnance process at Deutsche
Stahlwerke. stahl und eisen 129 (2009) 55-64

V. Y: Risonarta, T. Echterhof, H.-P. Jung, C. Beiler, S. Lenz, M. Kirschen, H. Pfeifer. Application of an Off-Gas Analysing System to
Control Oxidation during Stainless Steelmaking in an EAF. steel research international 81 (2010) 778-783. DOI
10.1002/srin.201000134 URL http://onlinelibrary.wiley.com/doi/10.1002/srin.201000134/abstract
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IMPHOS

Improving phosphorus refining

Type of Project Research Duration (months) 42
Total Budget 1498546 € Start Date 1/07/2006
EU Contribution 899127 € End Date 31/12/2009

Project completed

Development of the slag/metal/gas emulsion plays a very important role in the dephosphorisation of steel and extensive in-blow
sampling of the emulsion through the blow together with a thorough examination of these samples using the most capable
techniques available is required in order to define and model phosphorus refining better than at present. To this end, a dedicated
sampling system was designed and built in order to directly monitor, at several specific positions in the MEFOS 6t BOS converter,
the formation and development of the slag/metal emulsion and its capability for refining throughout the blow. More than five
hundred samples, taken systematically from twenty-three heats at the MEFOS 6 t BOS converter, have been thoroughly analysed
using manydifferent sample preparation and analytical techniques to indicate relative refining capability in the slag/metal
emulsion and the steel bath. The considerable number of sample results has been compiled into useful data sets where patterns
of behaviour may be observed and understood. The main objective of this project is to utilise these results to improve our
understanding of the mechanisms that take place during phosphorus refining and, in so doing, to offer a way to control
phosphorus levels in a more systematic and effective manner.

Country Scientific person in charge
TATA STEEL UK LIMITED UNITED KINGDOM M. Stuart MILLMAN (Pr. Coord.)
SWEREA MEFOS AB SVERIGE Donald MALMBERG
SSAB TUNNPLAT AB SVERIGE Mats BRAMMING
TATA STEEL NEDERLAND TECHNOLOGY BV NEDERLAND Abha KAPILASHRAMI

M.S. Millman, A. Overbosch, A. Kapilashrami, D. Malmberg, M. Bramming ‘Sampling the Slag/ Metal Emulsion in a BOS Converter
— Phosphorus Control’, PROC. SCANMET 3, 3rd Int. Conf. on Process Development in Iron and Steelmaking, June, 2008, Lulea,
Sweden, [1]

M.S. Millman, A. Overbosch, A. Kapilashrami, D. Malmberg, M. Bramming ‘Study of Refining Performance in BOS Converter’,
Ironmaking and Steelmaking, 2011, Vol. 38, No.7, pp 499-509

M.S. Millman, A. Overbosch, A. Kapilashrami, D. Malmberg, M. Bramming 'Some Observations and Insights on BOS Refining', to
be published in Ironmaking and Steelmaking, 2013, Vol. 40, No.6, (in July, 2013)

M.S. Millman, A. Overbosch, A. Kapilashrami, D. Malmberg, M. Bramming ' Observations on BOS Refining', to be published in
Transactions of the Indian Institute of Metals, 2013, (either in the single October 63(5) issue or in the combined October
—December 63(5-6) issue)
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EAF-PROMS

Cost efficient metallurgy for the production of novel ultra high strength deep drawable steel grades
with high Mn contents from 10 to 25 wt.-% by using EAF steel making route

Type of Project Research Duration (months) 28
Total Budget 652769 € Start Date 1/09/2006
EU Contribution 391661 € End Date 31/12/2008

Project completed

The project presented comprises a selection of theoretical investigations, laboratory development and pilot-scale trials
conducted to address the current need for ultra high-strength deep-drawable steels with high manganese contents. The aim of
the work was the selection and development of suitable technologies of primary and secondary metallurgy for the production of
these steels with emphasis on the EAF route. An assessment of the theoretical aspects of the process kinetics of the different EAF
processes routes — such as the direct melt preparation, modelling of the slag properties, decarburisation and desilicification —
has been made. Further experimental measurements were conducted on the basis of the theoretical modelling of direct
reduction and slag foaming, and the effects of high manganese melt on the typical EAF components (bottom electrode, tapping
technologies). The advantages and/or disadvantages of an AC/DC EAF furnace are discussed. Based on these investigations pilot-
scale trials were carried out. Since the use of scrap as raw material results in the inclusion of certain tramp elements, these were
investigated through tensile, castability and weldability tests. For the use of direct reduction processes, suitable manganese ore
availability was looked at. Economic and ecological/recycling aspects were taken into consideration and the results are presented
for different EAF routes. Furthermore the implications of manganese dust for health and safety are also reviewed. The EAF route,
as a result of this work, is probably the most economically feasible route for the processing of high manganese steels.

Country Scientific person in charge
SALZGITTER MANNESMANN FORSCHUNG GmbH DEUTSCHLAND Joachim KROOS (Pr. Coord.)
SWEREA MEFOS AB SVERIGE Par HAHLIN
TECHNISCHE UNIVERSITAET CLAUSTHAL DEUTSCHLAND Karl-Heinz SPITZER
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ONDECO

On-line control of desulphurisation and degassing through ladle bubbling under vacuum

Type of Project Research Duration (months) 36
Total Budget 948193 € Start Date 1/07/2007
EU Contribution 568916 € End Date 30/06/2010

Project completed

The project objectives are to characterise gas stirring during ladle metallurgy using vibration and camera sensors, and to develop
innovative signal processing for obtaining representative indices, used as input into online metallurgical models for adjusting and
improving the process. DH and ArcelorMittal selected accelerometers as vibration sensors for the vacuum tank degasser. The
effect of pressure and gas flow rate on the vibration signal was quantified by trials on ladle water models and steel plant. The
measuring system efficiency is confirmed by long-term trials. A correlation provides the real gas flow rate from measured
vibration index and vessel pressure. Available offline desulphurisation and degassing models were transformed into online
models fed by process parameters and the vibration index. The model’s connection to level 2 is successfully terminated. The
vacuum treatment progress will be online controlled and optimised with simultaneous model calculations. VASL developed signal
processing of optical camera images with fuzzy logic, providing the gas purging intensity during ladle furnace treatment and
introduced a purging index combining stirring time. A linear model relating the desulphurisation degree with the purging index
was proposed for grade families with different sulphur aims. The steel microcleanliness is linked to the purging index and higher
purging indices correspond to bad castability, however with scatter. The online purging index is permanently integrated to the
ladle furnace 1 automation and control level.

Country Scientific person in charge
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Michele NADIF (Pr. Coord.)
AKTIEN-GESELLSCHAFT DER DILLINGER HUTTENWERKE AG DEUTSCHLAND Helmut LACHMUND
VOESTALPINE STAHL GMBH OESTERREICH Roman ROSSLER

Michele Nadif, C. Pussé (ArcelorMittal Global R&D Maizieres Process), H. Lachmund, H. Abdullah, Y. Xie (Aktien-Gesellschaft der
Dillinger Huttenwerke) and Roman Roessler (voestalpine Stahl GmbH). On-line control of efficiency of ladle stirring treatment
during secondary metallurgy. SCANMET IV, 10-13 June 2012.

H. Lachmund, Y. Xie, H. Abdullah: Online Monitoring and Prediction of the Effectiveness of the Vacuum Tank Degassing Process.
Proceedings 1st ISI)-VDEh-Jernkontoret Joint Symposium on Metallurgy (14th ISIJ-VDEh Seminar on Metallurgical Fundamentals,
8th Japan-Nordic Countries Joint Symposium on Science and Technology of Process Metallurgy), ISIJ, Osaka, Japan, 15.-
16.04.2013, p. 121/129
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SOPLIQS

Optimisation of sampling at liquid steel state and correlative inclusions assessment of liquid steel for
the improvement of high performance steel grades production process

Type of Project Research Duration (months) 36
Total Budget 1026340 € Start Date 1/07/2007
EU Contribution 615804 € End Date 30/06/2010

Project completed

The development of high performance steel grades leads to more and more severe requirements in terms of inclusion cleanness.
Steelmakers need to control very early the inclusions present in the liquid state in order to improve the process and achieve the
final product quality. Previous studies have shown that the inclusions observed in the samples taken in the liquid state are not
always the inclusions really present in the liquid steel. Taking intoaccount that an incorrect cleanness evaluation can lead to
quality troubles and to customer claims, the main objective of this project is to determine the most reliable liquid steel sampling
method and the most appropriate inclusion assessment strategy. The second objective is the prediction of the final product
cleanness on the basis of liquid steel analysis. By coupling modelling, laboratory-scale experiments, industrial sampling
campaigns, statistical approaches and the improvement of certain techniques, the following conclusions are obtained. ® The most
reliable sampling procedure is to use an argon blowing device, which avoids slag entrapments, steel reoxidation and uncontrolled
shrinkage location. The lollipop sample shapes are recommended.e The most reliable characterisation strategy is to implement
PDA, which gives an oxide cleanness index, then automated SEM (oxides 2 ?m to 10 ?m) and, if necessary, automated LOM
(oxides > 10 ?m) and EE (inclusions < 2 ?m).e Prediction of the oxide composition in the final product on the basis of the tundish
samples is possible. Prediction of density and size is more difficult because they depend on inclusion deformation during rolling.

Country Scientific person in charge
ASCOMETALS.A.S. FRANCE Fabienne RUBY-MEYER (Pr. Coord.)
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA Rafael PIZARRO SANZ
KUNGLIGA TEKNISKA HOGSKOLAN - THE ROYAL INSTITUTE OF SVERIGE Anders TILLIANDER
TECHNOLOGY
RIVA ACCIAIO SPA ITALIA Paolo ROSSI

F. Ruby-Meyer, A. Karasev, P. Jonsson, M. Pérez-Alonso, S. Baragiola, Optimisation of sampling for inclusion assessmenet at liquid
steel stage, Proccedings of Clean Steel 8 Conference, Budapest, May 2012
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EPOSS

Energy and productivity optimised EAF stainless steel making by adjusted slag foaming and
chemical energy supply

Type of Project Research Duration (months) 42
Total Budget 1476421 € Start Date 1/07/2007
EU Contribution 885853 € End Date 31/12/2010

Project completed

The main aim of the project is to increase the energy efficiency and productivity during EAF high alloyed stainless steelmaking by
development of innovative slag conditioning techniques for slag foaming and adjusted use of all available energy sources. For this
reason, different process variants of slag conditioning have been investigated at the electric arc furnaces of three stainless- and
special steel producers. For slag foaming and improved chromium control in the slag, a slag conditioning technique based on
CaC2 mix injection has been developed by ACRONI in collaboration with BFI. This aim is also addressed by an optimised slag
conditioning technique based on the adjusted addition of FeSi and injection of carbon/oxygen, which was developed by Gerdau
Sidenor. Further, for adjusted supply of chemical energy to the EAF, an innovative slag conditioning technique based on the
injection of aluminium granules has been developed by BGH in collaboration with BFI. All new slag conditioning techniques have
been developed based on operational trials and measurements at the EAF. Optimum process parameters in terms of maximum
chromium recovery, minimum electric energy consumption and minimum process cost have been selected by comparison with
standard operational procedure. Finally, a concept for each optimised slag conditioning process variant is proposed.

Country Scientific person in charge
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Gerald STUBBE (Pr. Coord.)
ACRONI, PODJETIE ZA PROIZVODNJO JEKLA IN JEKLENIH IZDELKOV, SLOVENIJA Anton JAKLIC
d.o.o.
BGH EDELSTAHL SIEGEN GmbH DEUTSCHLAND Michael SEDLMEIER
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA Santiago LANDA LAZCANO
SWEREA MEFOS AB SVERIGE Johan BJORKVALL
OUTOKUMPU STAINLESS AB SVERIGE Lasse LILLEDAHL
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OPCONSTAINLESS

Resource-saving operation and control of stainless steel refining in VOD and AOD process

Type of Project Research Duration (months) 36
Total Budget 1386292 € Start Date 1/07/2007
EU Contribution 831775 € End Date 30/06/2010

Project completed

The argon oxygen decarburisation (AOD) and the vacuum oxygen decarburisation (VOD) processes are the dominant methods for
refining stainless steels with low carbon contents. The objective of this project was to improve the operation and control of
stainless steel refining within the VOD and the AOD processes by various methods. Detailed investigations with CFD-based
process models coupled to thermodynamic equilibrium calculations have revealed fundamental insights to reaction kinetics and
mixing times. Statistical evaluations of extensive slag analyses regarding chemical composition as well as phase structures during
the oxidation phase have provided indications on how to accelerate the decarburisation process. Plant trials with different
schemes for the vessel pressure and injection of oxygen via oxides in scale powder were carried out in order to examine
alternative VOD operation modes with respect to a more effective decarburisation. Possible influences of scale injection on the
steel cleanness were also investigated. The results of these extensive numerical, experimental and statistical studies were used
for the development of dynamic process models which were then validated by offline simulations based on process data from
AOD and VOD plants. In a next step, dynamic control functions were developed which evaluate the heat states observed and
predicted by the dynamic process models. Finally, these models with their monitoring and control functions were implemented
and tested within the automation environment of AOD and VOD plants. The online application of the models contributes to a
more reliable and resource-efficient operation of the respective processes.

Country Scientific person in charge
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Bernd KLEIMT (Pr. Coord.)
KOBOLDE & PARTNERS AB SVERIGE Rutger GYLLENRAM
KUNGLIGA TEKNISKA HOGSKOLAN - THE ROYAL INSTITUTE OF SVERIGE Anders TILLIANDER
TECHNOLOGY
OUTOKUMPU STAINLESS AB SVERIGE Gunnar LINDSTRAND
SMS MEVAC GmbH DEUTSCHLAND Dieter TEMBERGEN
ACRONI, PODJETJE ZA PROIZVODNJO JEKLA IN JEKLENIH IZDELKOV, SLOVENIA Anton JAKLIC
d.o.o.

"Z. Song, M. Ersson and P. Jonsson: ""Mathematical Modeling of VOD Oxygen Nozzle Jets"", Steel Research Int., 81 (2010), No. 12"

P. Ternstedt, R. Gyllenram, J. Bengtsson and P. Jonsson: ”"Using AOD simulator workbench to support process control
development”, SteelSim 2011, 27 June — 1 July 2011, Disseldorf (Germany)

Schlautmann, M., Kleimt, B., Kubbe, A., Teworte, R., Rzehak, D., Senk, D., Jaklic, A., Klinar, M.: Dynamic process models for on-line
control of steelmaking processes, exemplified for the VOD process. Stahl u. Eisen 131 (2011), Nr. 10, S. 57-65

P. Ternstedt, R. Gyllenram, J.Bengtsson, P.Jonsson and A. Tilliander: “Simulating continuous decarburisation control with an AOD
simulation workbench”, EOSC 2011, 7 — 9 September 2011, Stockholm (Sweden)

N. Andersson, A. Tilliander, L. Jonsson and Par Jonsson: “ Modeling of decarburisation in an industrial AOD converter”, EOSC
2011, 7-9 September 2011, Stockholm (Sweden)
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FLEXCHARGE

Cost and energy effective management of EAF with flexible charge material mix

Type of Project Research Duration (months) 42
Total Budget 2223918 € Start Date 1/07/2007
EU Contribution 1334351 € End Date 31/12/2010

Project completed

The project aims to set up a methodology to manage the electric arc furnace(EAF) charged with the variable materials mix
guaranteeing the required steel quality, minimising the cost to produce crude steel and the environmental impact, having in mind
the volatility of scrap quality/price ratio and the pressures arising from CO2 trading legislation. Comprehensive data sets
obtained, by historical data and dedicated tests, at four different EAFs (one DC and three AC), together with results of laboratory
test campaigns (35 kg induction furnace and 1 tonne EAF pilot plant) have been evaluated by statistical methods to derive
information on scrap properties like yield, chemical composition and specific meltdown energy requirements. The elaboration of
optimisation tools has allowed robust charge mix tools to be set up to determine the scrap mix for a given steel quality and
quantity while minimising cost and energy consumption. In parallel, dynamic mass and energy balances have been adapted to
electrical arc furnaces, taking into account the measurement of the off-gas composition and the mass flow rate and temperature
at fourth hole evaluated by virtual (SW) sensors developed in the project. The developed methodologies have been implemented
on-site and online at the industrial partners’ EAFs.

Country Scientific person in charge
CENTRO SVILUPPO MATERIALI SPA ITALIA Enrico MALFA (Pr. Coord.)
CENTRE DE RECHERCHES METALLURGIQUES ASBL BELGIQUE Marcel DORMANN
FERALPI SIDERURGICA S.p.A. ITALIA Francesco MAGNI
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA Santiago LANDA LAZCANO
GEORGSMARIENHUTTE GmbH DEUTSCHLAND Ingo KOLM
SWEREA MEFOS AB SVERIGE Erik SANDBERG
OVAKO BAR AB SVERIGE Risto PONKALA
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Bernd KLEIMT

E. Malfa, P.Nyssen,, E.Filippini, B.Dettmer, .Unamuno, A.Gustafsson, E.Sandberg, B.Kleimt, COST AND ENERGY EFFECTIVE
MANAGEMENT OF EAF WITH FLEXIBLE CHARGE MATERIAL MIX, EEC Electric Steelmaking Conference, June 2012, Graz, Austria

P.Frittella, A.Lucarelli, B.Poizot, M.Legrand, L. Angelini, E. Filippini , iCSMelt® applications to EAF operating practice optimization,
Aistech2011, Indianapolis, USA

E. Malfa, P.Nyssen,, E.Filippini, B.Dettmer, .Unamuno, A.Gustafsson, E.Sandberg, B.Kleimt, Cost and Energy Effective
Management of EAF with Flexible Charge Material Mix, Berg- und Hittenméannische Monatshefte (BHM) (2013), Vol. 158 (1), p. 3-
12. DOI 10.1007/s00501-012-0103-y

R. Pierre, B. Kleimt, B. Dettmer, H. Schliephake. Quality and cost opimal charge material selection for the EAF, EEC Electric
Steelmaking Conference, June 2012, Graz, Austria
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Stimprove

Improvement of ladle stirring to minimise slag emulsification and reoxidation during alloying and
rinsing

Type of Project Research Duration (months) 36
Total Budget 1011155 € Start Date 1/07/2007
EU Contribution 606693 € End Date 30/06/2010

Project completed

The objective of this research project was to improve steel metallurgy and quality by optimisation of the ladle stirring process.
Throughout the project, the interactions between solid, liquid and gaseous phases involved in ladle stirring were examined.e
Melting of alloying materials was investigated using mathematical models and camera-based monitoring. It was found that
typical alloying materials are molten and homogeneously distributed after 360 s, even with soft stirring. ® Emulsification of liquid
slag into the steel around the open eye was investigated using theoretical considerations, physical modelling and camera-based
monitoring of the open eye. The coarse contour of the open eye was found to be two times larger than expected. A threshold
value of 15-25 STP m3/h stirring gas flow rate was suggested to minimise emulsification. e Reoxidation was investigated using
camera-based monitoring of the open eye and sampling during industrial trials. It became clear that the camera-based technique
is suitable to monitor stirring efficiency, whereas no clear correlation between the stirring gas flow rate and the size of the open
eye could be observed. ¢ Rinsing and the removal of inclusions were investigated using camera-based monitoring, theoretical
considerations and sampling during industrial trials. Control of rinsing without the open eye was found to be difficult. Good
removal of inclusions relies on low stirring gas flow rates and long stirring times. Optimised stirring procedures with stirring
intensity reduced by 25-50 % were applied in a steelworks. Such stirring did not deteriorate the quality of the steel, while
consumption of stirring gas was reduced. Further investigations, e.g. of the yield of alloying additions, produced promising
prospects. As part of this project, the transfer of optimised stirring procedures into the steelworks was only just started. The
implementation and adaptation of optimised stirring procedures in the steelworks and careful verification of the benefits should
be the focus of further investigations.

Country Scientific person in charge
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Herbert KOCHNER (Pr. Coord.)
KUNGLIGA TEKNISKA HOGSKOLAN - THE ROYAL INSTITUTE OF SVERIGE Du SICHEN
TECHNOLOGY
SAARSTAHL AG DEUTSCHLAND Peter VALENTIN
AALTO-KORKEAKOULUSAATIO (AALTO UNIVERSITY FOUNDATION FINLAND Seppo LOUHENKILPI
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URIOM

Upgrading and utilisation of residual iron oxide materials for hot metal production

Type of Project Research Duration (months) 42
Total Budget 1563498 € Start Date 1/07/2007
EU Contribution 938099 € End Date 31/12/2010

Project completed

For reuse of residual iron oxides from stainless steelmaking within the steelworks itself, two new technologies have been
developed. One technology is the inductively heated coke bed reactor (ICBR), which is coupled either with a cupola furnace or a
flash reactor as pre-melting unit. Furthermore, a new briquetting technology using vegetable binders for briquette utilisation in
the EAF has been developed. The first step of the investigations is the characterisation and selection of suitable residual iron
oxide materials to be processed by the new technologies. For both technologies comprehensive process concepts have been
developed based on laboratory- and technical-scale trials. Furthermore, a software process model has been developed for the
coke bed reactor in order to support the development of the process concept. Finally, as a base for assessing economic aspects
and metal yield, energy and material balances have been set up and the composition of products has been measured or
calculated for both technologies.

Country Scientific person in charge
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Gerald STUBBE (Pr. Coord.)
BOHLER EDELSTAHL GmbH & Co. KG OESTERREICH Michael EBNER
CENTRO SVILUPPO MATERIALI SPA ITALIA llaria PISTELLI
TRIBOVENT VERFAHRENSENTWICKLUNG GmbH OESTERREICH Alfred EDLINGER
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STEELCLEANCONTROL

Development of steel grade related slag systems with low reoxidation potential in ladle and
optimised ladle glaze technique for improving steel cleanliness

Type of Project Research Duration (months) 36
Total Budget 1377999 € Start Date 1/07/2007
EU Contribution 826800 € End Date 30/06/2010

Project completed

The technical objective of this project was to investigate the interaction between deoxidised steel melts and metallurgical slags,
ladle lining and ladle glaze during ladle treatment. Low carbon micro-alloyed steels and tool and stainless steels were chosen for
investigation. These aspects were investigated on selected steel grades both under process and laboratory conditions. Sampling
of steel and slag at defined steps in process routes was performed by industrial partners. At both universities, the
thermodynamic calculation of inclusion composition change and the quantity change during ladle treatment were performed, as
well as laboratory investigations. The formation and modification of inclusion by ladle slags, ladle lining and ladle glaze were
studied by calculation and experimentally. As a result the steel grade-specific slag compositions and the ladle glaze procedure
were optimised in view of low reoxidation potentials and a low tendency for uncontrolled inclusion formation. Finally the new
slag compositions were tested in industrial trials and some changes in the ladle treatment procedure were implemented. In this
way steel cleanliness was improved and lower amounts of non-metallic inclusions detected, which has a beneficial impact on
productivity and quality of steel products. As an additional result the use of fluorspar was completely avoided or significantly
reduced, which contributes to environment protection and health and safety in the workplace. Through the close cooperation
between industrial partners and universities, optimised slag compositions and treatment strategies were developed and verified
in industrial processes.

Country Scientific person in charge
TECHNISCHE UNIVERSITAT BERGAKADEMIE FREIBERG DEUTSCHLAND Piotr R. SCHELLER (Pr. Coord.)
KUNGLIGA TEKNISKA HOGSKOLAN - THE ROYAL INSTITUTE OF SVERIGE Du SICHEN
TECHNOLOGY
SSAB EMEA AB SVERIGE Mia ALMCRANTZ
THYSSENKRUPP NIROSTA GMBH DEUTSCHLAND Jorg-Friedrich HOLZHAUSER
UDDEHOLM TOOLING AB SVERIGE Mselly NZOTTA

188



Summaries of RFCS Projects 2003-2014
TGS2 : Steelmaking processes

RFSR-CT-2008-00002 INCLUSION

Innovative methodology for through process inclusion level forecasting of engineering steel

Info | Type of Project Research Duration (months) 36
Total Budget 1128550 € Start Date 1/07/2008
EU Contribution 677130 € End Date 30/06/2011

State  Project completed

Final Report

Final Abstract  "The project objective is to develop a method able to forecast the occurrence and geometry of large and harmful defects on
rolled samples from a relatively rapid analysis of a limited number of inclusions in samples taken on cast products. The expected
benefit of this information is to readdress the production scheduling in order to avoid, or reduce, downgrading of products. This
new method is based on two tools: statistical inclusion analysis method called ‘Extreme Values Analysis (EVA) Statistics’; inclusion
deformation models. EVA is used to determine the expected maximum size of inclusions from a limited number of analysis of
steel samples at the end of casting. This statistic approach is necessary to provide the right input to the elongation models. In fact
the improved steel production of modern steelmaking plants led to a drastic reduction of the amount of inclusions dispersed in
metals. Therefore conventional approaches of detecting average dimensions and number of particles are not useful for particle
rating. From the information on inclusions present on as cast products, deformation models, purposely developed, calculate
occurrence and geometrical characteristics of defects as a function of rolling programme. The method has been applied on two
selected steel grades produced from the two industrial partners of the project. In one case the evaluation of the quality of the
product is based on the microscopic analysis of the defect size. Inspection of the defect size in the final products confirmed the
prediction based on statistical analysis of samples from as products and deformation models. In the second case the product
quality is evaluated from fatigue tests. For this reason a known model, which correlates defect size with fatigue limit has been
applied using as input the predicted defect size. The obtained values resulted in agreement with the measured values. The
developed method can be used to: support the management of steel rolling operations; evaluate the advantages arising from a
reduction of inclusion size in the billet on the quality of the final product”

Country Scientific person in charge
Partners COGNE ACCIAI SPECIALI SpA ITALIA Elena BALDUCCI (Pr. Coord.)
CENTRO SVILUPPO MATERIALI SPA ITALIA Filippo CIRILLI
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA Jacinto ALBARRAN SANZ
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Norbert LINK

189



RFSR-CT-2008-00003

Info

State

Final Report

Final Abstract

Partners

Selected Publications

Summaries of RFCS Projects 2003-2014
TGS2 : Steelmaking processes

LOWCNEAF

Optimised production of low C and N steel grades via the electric steelmaking route

Type of Project Research Duration (months) 42
Total Budget 1698420 € Start Date 1/07/2008
EU Contribution 1019052 € End Date 31/12/2011

Project completed

The project objective was to develop a through-process control strategy for a reliable, simultaneous achievement of low steel
carbon and nitrogen levels within the electric steelmaking route under minimum energy and material costs with optimal
productivity. Detailed investigations on the effect of material additions and operational parameters within all aggregates of the
process route (EAF, LF, VD) on pick-up and removal of carbon and nitrogen have been performed, and regression as well as other
data-based models have been developed to describe the relevant interdependencies. For the EAF the use of alternative iron
materials like pig iron and HBI to lower C and N contents at tapping has been investigated. Also dynamic process models to
describe and control the behaviour of carbon and nitrogen content have been developed and validated with process data from
four different EAF plants. Regarding vacuum degassing a dynamic denitrogenation model has been developed and validated with
the data of two vacuum tank degassing plants. The dynamic process models for EAF treatment and vacuum degassing, as well as
the regression and data based models for all aggregates of the electric steelmaking process route were combined to a through
process control strategy. The combination with suitable optimisation tools led to optimal solutions for the production of low
carbon and nitrogen steel grades with regard to material and production costs as well as productivity. The through-process
control systems were applied at five electrical steelmaking plants with different process routes and aggregates for various steel
products.

Country Scientific person in charge
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Bernd KLEIMT (Pr. Coord.)
ARCELORMITTAL OLABERRIA S.L. ESPANA José Luis RENDUELES VIGIL
CENTRE DE RECHERCHES METALLURGIQUES ASBL BELGIQUE Pierre NYSSEN
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA Asier ARTEAGA
PEINER TRAGER GmbH DEUTSCHLAND Matthias SCHORING
RIVA ACCIAIO SPA ITALIA Nicola VENERI

Kleimt B., Pierre R., Zagrebin V., Nyssen P., Ojeda C., Arteaga, A. Through process control strategies for reliable achievement of
low carbon and nitrogen contents within the electric steelmaking route. Workshop Integrated Intelligent Manufacturing (12M) in
Steel Industry, 23-24 April 2012, Metz, France

“Improving steelmaking productivity by using advanced modelling techniques”. Computers in Industry, April 2012
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BATHFOAM

Control of slag and refining conditions in the BOF

Type of Project Research Duration (months)
Total Budget 1838043 € Start Date
EU Contribution 1102826 € End Date

Project completed

42
1/07/2008
31/12/2011

Country Scientific person in charge
TATA STEEL UK LIMITED UNITED KINGDOM Johan VAN BOGGELEN (Pr. Coord.)
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Jean-Christophe HUBER
ARCELORMITTAL ESPANA SA ESPANA Luis Fernando SANCHO MENDEZ
KUNGLIGA TEKNISKA HOGSKOLAN - THE ROYAL INSTITUTE OF SVERIGE Du SICHEN
TECHNOLOGY
POLITECNICO DI MILANO ITALIA Walter NICODEMI
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Bernd KLEIMT
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LAREFMON

Enhanced reliability in ladle refining processes (VD, VOD and LF) by improved on-line process
monitoring and control

Type of Project Research Duration (months) 36
Total Budget 1283954 € Start Date 1/12/2008
EU Contribution 770372 € End Date 30/11/2011

Project completed

The objective of this project was to improve the reliability of vacuum degassing and ladle furnace treatment by joint application
of new thermal imaging-based evaluation of stirring efficiency and improved dynamic process models. Enhanced online
monitoring and control systems were developed and applied for reliable control and improved performance of the main
metallurgical ladle refining processes: VD: A closed-loop control system for stirring gas rates based on thermal imaging and
dynamic process modelling was developed and applied at the VD plant of ArcelorMittalRuhrort GmbH. Monitoring of the melt
bath surface during VD treatment improved process control and reliability. VOD: Detection of slag slopping for SBQ steel grades
and analysis of stirring power during the VCD part based on CCD images were realised at SIYD. Combination of the online tools
and a different oxygen introduction pattern in the oxidising process phase led to a slight improvement in decarburisation rates.
LF: An objective online stirring observation system based on CCD images as well as a temperature regulation module using a
dynamic model and gas flow rate suggestion for operators based on the total oxygen content of the melt were implemented at
VASD. The system is beneficial because of its objectivity (achieve sustainable steel quality) and furthermore for safety reasons.
Continuous monitoring of the melt bath surface became an essential tool for the operators at ArcelorMittalRuhrort GmbH,
Sidenor I+D SA and VASD to improve the stability and quality of the treatment processes and thereby the overall steel production.

Country Scientific person in charge
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Herbert KOCHNER (Pr. Coord.)
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA Asier ARTEAGA
ARCELORMITTAL RUHRORT GMBH DEUTSCHLAND Jurgen KRUCK
VOESTALPINE STAHL DONAWITZ GmbH OESTERREICH Gerald KLOSCH
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LADLIFE

Enhanced steel ladle life by improving the resistance of lining to thermal, thermomechanical and
thermochemical alteration

Type of Project Research Duration (months) 36
Total Budget 1241458 € Start Date 1/07/2009
EU Contribution 744875 € End Date 30/06/2012

Project completed

Ladle refractory wear is an important concern for steelmakers, not only for the material cost but also for its influence on plant
productivity and safety. This project aims at enhancing ladle lining life, helping steelmakers in decisions about materials to use
and in scheduling of maintenance operations. This will be

achieved by model based soft sensors and laboratory work. The wear of ladle lining is mainly due to its cyclic interaction with
steel and slag during its normal operation. The understanding of the chemical, thermo-chemical and thermo-mechanical
reactions in the metal-slag-refractory system is the key to reach

the planned goal.

Country Scientific person in charge
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA Asier ARTEAGA (Pr. Coord.)
CENTRO SVILUPPO MATERIALI SPA ITALIA Mario TONELLI
LUCCHINI S.p.A. ITALIA Luca TRILLINI
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Guido MITTLER
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GREENEAF

Sustainable EAF steel production

Type of Project Research Duration (months) 36
Total Budget 2031872 € Start Date 1/07/2009
EU Contribution 1219124 € End Date 30/06/2012

Project completed

In the modern electric arc furnace (EAF) more than 40 % of energy comes from chemical sources by fossil fuels: natural gas is
used in dedicated burner during the melting of the scrap while coal (mainly anthracite), lump in the basket and pulverised by wall
injector, is used as foaming agent. In the frame of the European Research Fund for Coal and Steel (RFCS), project GREENEAF was
carried out with the objective to replace coal and natural gas in EAF with char and syngas produced by biomass pyrolysis

Country Scientific person in charge
FERRIERE NORD S.P.A. ITALIA Loris BIANCO (Pr. Coord.)
CENTRO SVILUPPO MATERIALI SPA ITALIA Filippo CIRILLI
DEUTSCHE EDELSTAHLWERKE GMBH DEUTSCHLAND Hans-Peter JUNG
IMPERIAL COLLEGE OF SCIENCE, TECHNOLOGY AND MEDICINE UNITED KINGDOM  Marcos MILLAN
STAHL- UND WALZWERK MARIENHUTTE GMBH OESTERREICH Hans-J6rg KRASSNIG
RHEINISCH-WESTFALISCHE TECHNISCHE HOCHSCHULE AACHEN DEUTSCHLAND Lukas VOIJ
TECNOCENTRO ENG SRL ITALIA Giacomo Matteo RICCI

T. Echterhof, H. Pfeifer: Potential of biomass usage in electric steelmaking, EECR steel 2011, 1st International Conference on
Energy Efficiency and CO2 Reduction in the Steel Industry, 27. June — 1. July 2011, Disseldorf, Germany

L. Bianco et al, Sustainable Electric Arc Furnace Steel Production: GreenEAF, Electric Steelmaking Conference — GRAZ , 25- 28
September 2012

F. Cirilli et al, Pirolisi di biomassa, uno studio su char e syngas, published on ICP, Rivista dell’industria chimica, N. 3 (2012), pp90-94

T. Demus, T. Echterhof, H. Pfeifer: Replacement of fossil carbon with biogenic residues in the electric steelmaking process,
International EAF workshop, Milan 29-30 March 2012

T. Demus, T. Echterhof, H. Pfeifer, M. Schulten, P. Quicker: Investigations on the use of biogenic residues as a substitute for fossil
coal in the EAF steelmaking process, 10th European Electric Steelmaking Conference, Graz, Austria, 25.- 28 September 2012
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TOTOPTLIS

Multi-criteria through-process optimisation of liquid steelmaking

Type of Project Research Duration (months) 42
Total Budget 1632592 € Start Date 1/07/2010
EU Contribution 979555 € End Date 31/12/2013

Project completed, final report not published yet

Main project objective is the development of a through-process integrated approach for process chain optimisation in liquid
steelmaking. Real-time monitoring and predictive models, elaborating process and sensor data from different aggregates, shall
be integrated for a through-process multi-criteria optimisation of material and energy input regarding quality, productivity and
costs. A dynamic and optimised modification of the planned process route for a heat will be suggested in case of detected
deviations in quality relevant parameters.

The system shall be applied at two BOF and one EAF steelmaking plant with different routes and secondary metallurgy
equipment, to ensure the concept transferability to further plants.

Country Scientific person in charge
CENTRO SVILUPPO MATERIALI SPA ITALIA Maria MURRI (Pr. Coord.)
ARCELORMITTAL ESPANA SA ESPANA Javier RODRIGUEZ SOMOANO
LUCCHINI S.p.A. ITALIA Marco BIANCHI
PEINER TRAGER GmbH DEUTSCHLAND Matthias SCHORING
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Bernd KLEIMT

"Project presentation at the workshop ""Integrated Intelligent Manufacturing in Steel Industry"" held on 23rd and 24th of April
2012 in Maizieres-les-Metz, France"
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PROTECT

Processes and technologies for environmentally friendly recovery and treatment of scrap

Type of Project Research Duration (months) 42
Total Budget 3277463 € Start Date 1/07/2010
EU Contribution 1966477 € End Date 31/12/2013

Running project

Recycling of coated scrap is currently limited by formation of problematic by-products, such as zinc containing dust and
hazardous air emissions. A proposed innovative stand alone process for preheating and surface cleaning of scrap is expected to
significantly improve the recyclability of such scrap sources, thus widening the scrap base, simplifying recycling of in-house by-
products and reducing hazardous emissions. The process utilizes chlorine containig waste, such as automotive shredder residues,
in separate oxygen combustion enabling minimisation of flue gases. The coatings are removed in gas phase and collected in
dedicated recovery system rendering the possibility for recovery of valuable metals.

Country Scientific person in charge
SWEREA MEFOS AB SVERIGE Mikael LARSSON (Pr. Coord.)
ENGITEC TECHNOLOGIES SPA ITALIA Massimo MACCAGNI
IVL SVENSKA MILJOINSTITUTET AB SVERIGE Anders BJORK
SICON GMBH DEUTSCHLAND Gabriel LESINSKY
SSAB TUNNPLAT AB SVERIGE Leif NILSSON
SCUOLA SUPERIORE DI STUDI UNIVERSITARI E DI ITALIA Valentina COLLA
PERFEZIONAMENTO SANT'ANNA
STENA METALL A/S DANMARK Erik RASMUSSEN
STENA RECYCLING INTERNATIONAL AB SVERIGE Christer FORSGREN
UNIVERSITAT SIEGEN DEUTSCHLAND Wolfgang KRUMM
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OPTDESLAG

Increased yield and enhanced steel quality by improved deslagging and slag conditioning

Type of Project Research Duration (months) 36
Total Budget 1030338 € Start Date 1/07/2010
EU Contribution 618203 € End Date 30/06/2013

Running project

The project objective is to improve the deslagging process during two process steps of liquid steelmaking, i.e. after hot metal
desulphurisation and before secondary steelmaking, by applying image sensors to control deslagging operations. Aim is to
increase the yield by minimising the metallic losses, and to minimise the amount of remaining slag after deslagging. Furthermore,
based on new information from image analysis about the efficiency of deslagging, a dynamic control of the following slag
conditioning process shall be developed, to ensure optimal conditions for subsequent metallurgical processes. Thus the quality of
the liquid steel shall be improved.

Country Scientific person in charge
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Herbert KOCHNER (Pr. Coord.)
SWEREA MEFOS AB SVERIGE Lars-Erik FROM
SAARSCHMIEDE GMBH FREIFORMSCHMIEDE DEUTSCHLAND Bernhard DONTH
SSAB EMEA AB SVERIGE Magnus ANDERSSON
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INTCLEANCON

Intelligent cleanness controls in secondary steelmaking by advanced off- and online process models

Type of Project Research Duration (months) 42
Total Budget 1407643 € Start Date 1/07/2011
EU Contribution 844586 € End Date 31/12/2014

Running project

This project will develop new off-line and on-line models and will apply them for advanced industrial control strategies and
practices in secondary metallurgy, in order to guarantee highest steel cleanness levels for high quality steels, with focus on case
hardening and microalloyed grades. The application of on-line control strategies, based on a combination of through-process
models and new monitoring and control techniques for stirring during ladle metallurgy processes, should enable the reliable
achievement of improved quality and castability. This will lead to an increased yield due to a lower number of heats to be
downgraded

due to quality problems.

Country Scientific person in charge
FUNDACION TECNALIA RESEARCH & INNOVATION ESPANA Borja PENA QUINTERO (Pr. Coord.)
DEUTSCHE EDELSTAHLWERKE GMBH DEUTSCHLAND Hans-Peter JUNG
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA Tamara RODRIGUEZ DURAN
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Roger KOITZSCH
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PLUGWATCH

Stirring plug monitoring system for improvement of plug availability and stirring performance

Type of Project Research Duration (months) 36
Total Budget 1919343 € Start Date 1/07/2012
EU Contribution 1151605 € End Date 30/06/2015

Running project

The aim of this research proposal is the development and installation of online monitoring systems for stirring plugs in steel
ladles in order to determine and predict their availability and performance for stirring processes.

This is realised by interaction of suitable measurement techniques for refractory temperatures, numerical simulations of process
induced changes in stirring plugs during operation, plant trials with stirring plugs differing in composition and geometry and
software engineering. Actual information of wear status, stirring plug availability and their performance avoids non-stirring
events, provides accurate stirring procedures and therewith supports a trouble-free steel production.

Country Scientific person in charge
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Birgit PALM (Pr. Coord.)
ACCIAI SPECIALI TERNI SpA ITALIA Massimo PROIETTI CERQUONI
CENTRO SVILUPPO MATERIALI SPA ITALIA Mario TONELLI
DEUTSCHE EDELSTAHLWERKE GMBH DEUTSCHLAND Leandro SCHOTTLER
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA Asier ARTEAGA
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SLACON

Control of slag quality for utilisation in the construction industry

Type of Project Research Duration (months) 42
Total Budget 1833659 € Start Date 1/07/2012
EU Contribution 1100196 € End Date 31/12/2015

Running project

During steelmaking, slag is generated in different kinds of processes. Processed slag can be used as building material if certain
quality criteria are met. Slag quality is defined by mechanical properties and by environmental behaviour of slag. Maximum
concentrations of leachable substances in the slag eluate, for example fluoride, molybdenum, chromium and vanadium, have
been fixed to define slag quality. Slag quality and the possibilities of slag utilisation can be improved by: a) immobilisation of
these leachable substances and b) recycling of washing/cooling water from slag treatment with elimination of leachable
components. The project aims at ensuring and increasing the utilisation of steelmaking slags in the construction industry by
improving the quality of slag. For this purpose, new techniques have to be developed to immobilise the critical elements and
separate remaining leachable substances (e.g. fluoride, molybdenum, chromium and vanadium) from the washing/cooling water
and to condition these separated substances for disposal or reuse. The elimination of leachable substances in a closed-loop
process helps to avoid the entry of leachable substances into the environment and supports the resource-efficient utilisation of
steelmaking slags.

Country Scientific person in charge
FEhS - INSTITUT FUR BAUSTOFF-FORSCHUNG e.V. DEUTSCHLAND Dirk MUDERSBACH (Pr. Coord.)
CENTRO SVILUPPO MATERIALI SPA ITALIA Filippo CIRILLI
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA Inigo UNAMUNO
RIVA ACCIAIO SPA ITALIA Stefano BARAGIOLA
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Barbara WENDLER
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MeltCon

Determining process conditions for online monitoring of temperature and carbon content in the
electric arc furnace to optimise end point control

Type of Project Research Duration (months) 36
Total Budget 1536912 € Start Date 1/07/2013
EU Contribution 922147 € End Date 30/06/2016

Running project

The objective of this research project is to optimise the end point control of the refining process in the electric arc furnace and to
determine process conditions for the use of online and continuous measuring systems in dynamic inhomogeneous melts. Online
measurement systems for continuous monitoring of the process status during EAF treatment will be developed and applied. At
one furnace an accretion free melt access will be created for fibre-optical temperature measurement. At another furnace a
measurement system for combined optical determination of carbon content and temperature will be developed using an lance
access. Based on online measurements and CFD modelling, a general procedure for continuous online measurements in dynamic,
inhomogeneous melts will be derived. In combination with dynamic process models, EAF end point control will be improved. The
main targets of the project are: - to monitor continuously the evolution of the liquid steel temperature and carbon content during
the refining phase of the EAF treatment - to determine process conditions to perform representative continuous online
measurements in dynamic inhomogeneous melts - to develop an enhanced dynamic process control using these novel online
measurement data - to develop strategies and set point calculations for exact determination of control parameters for accurate
EAF end point control - to evaluate the availability, the performance and limitations of continuous measuring during the EAF
refining process. With those targets reached, the performance of the electric arc furnace process will be improved and deviations
from optimum treatment will be avoided. Energy savings of 5 to 10 kWh/t and about 1% improved metallic yield are expected.
These saving can be achieved with low quality scrap since the less precise scrap analysis will be compensated by the dynamic end
point control. Working space safety will be enhanced by avoiding manual labour in the hazardous area in front of the furnace.

Country Scientific person in charge
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Tobias KORDEL (Pr. Coord.)
FERRIERE NORD S.P.A. ITALIA Loris BIANCO
POLITECNICO DI MILANO ITALIA Silvia BARELLA
SAARSCHMIEDE GMBH FREIFORMSCHMIEDE DEUTSCHLAND Bernhard DONTH
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ILORA

Improvement of Ladle Opening Rates

Type of Project Research
Total Budget 1024441 €
EU Contribution 614665 €

Running project

Duration (months)
Start Date
End Date

36
1/07/2013
30/06/2016

The objective of the proposed project is to increase the ladle opening rate (LOR). In European steel works that produce low-

alloyed carbon steel, the ladle opening rate (LOR) varies approximately between 82 and 99.7 % and is thus often far from the goal
of 100 %. There is a big potential for improvement of the LOR and, consequently, of steelmaking process logistics, of safety at the

workplace and of steel quality. We believe that the main reason for low LOR is that the nozzle filler sand blocks the flow of the

liquid steel due to consolidation or rather solidification of the sand. There are two main concurrent processes that contribute to
solidification: a) sintering of the nozzle filler sand and b) infiltration of the sand by liquid steel, which then freezes. Both processes

result in regions of high strength in the sand. When the ladle slide gate is opened, these regions of high strength withstand the
ferrostatic pressure of the liquid steel in the steelmaking ladle and the nozzle filler sand blocks the nozzle. Improved opening

rates shall be reached: - by increasing the knowledge about the behaviour of nozzle filler sand during steelmaking (determine the
real conditions in the nozzle filler sand during steelmaking, measure the thermal and mechanical properties of nozzle filler sand
at high temperature in the laboratory), - by developing a model that simulates the behaviour of the nozzle filler sand and predicts

the ladle opening behaviour in the steel works even for future heats - and by optimising steelmaking process routes and nozzle
filler sands for high ladle opening rates for different steel grades. The industrial interest is comprehensive as improved LOR
increases earnings and safety at the workplace. The results are of strategic importance to the sector.

FORSCHUNGSGEMEINSCHAFT FEUERFEST e.V.

GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A.

KUNGLIGA TEKNISKA HOGSKOLAN - THE ROYAL INSTITUTE OF

TECHNOLOGY

Country
DEUTSCHLAND
ESPANA
SVERIGE

PURMETALL GESELLSCHAFT FUR STAHLVEREDLUNG GMBH u. Co. DEUTSCHLAND

BETRIEBSKG.
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Scientific person in charge
Christian DANNERT (Pr. Coord.)
Asier ARTEAGA

Bjorn GLASER

Kirsten WILM
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VALEAF

Valorisation and dissemination of EAF technology

Type of Project Accompanying measure (studies) Duration (months) 18
Total Budget 534151 € Start Date 1/07/2014
EU Contribution 320489 € End Date 31/12/2015

Running project

This valorisation project will disseminate results obtained in RFCS projects on Electric Arc Furnace (EAF) technology. In the frame
of RFCS programme many projects have been carried out on EAF aiming at improving the process performance in terms of
resource optimisation, flexibility, environmental impact. This effort contributed to the development of a number of models,
technological solutions, hardware and software tools. The objectives are to promote the knowledge and various outputs derived
form the European projects in this sector, and, on the basis of a clear picture of the real status of European EAF technology, to
identify future industrial target and research needs.

Country Scientific person in charge
CENTRO SVILUPPO MATERIALI SPA ITALIA Antonello DI DONATO (Pr. Coord.)
CENTRE DE RECHERCHES METALLURGIQUES ASBL BELGIQUE Bernard VANDERHEYDEN
FRAUNHOFER GESELLSCHAFT ZUR FOERDERUNG DER DEUTSCHLAND Cord FRICKE-BEGEMANN
ANGEWANDTEN FORSCHUNG e.V.
SWEREA MEFOS AB SVERIGE Johan ERIKSSON
RHEINISCH-WESTFALISCHE TECHNISCHE HOCHSCHULE AACHEN DEUTSCHLAND Thomas ECHTERHOF
HELMUT SCHMIDT UNIVERSITAT UNIVERSITAT DER BUNDESWEHR  DEUTSCHLAND Vico HAVERKAMP
HAMBURG
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Bernd KLEIMT
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GREENEAF2

Biochar for a sustainable EAF steel production

Type of Project Pilot& Demonstration
Total Budget 2002370 €
EU Contribution 1001182 €

Running project

Duration (months) 24

Start Date 1/07/2014
End Date 30/06/2016

The objective of this proposal is to apply as a standard practice the utilization of char from biomass as a substitute for fossil coal
in the electric arc furnace. Previous carried out project GreenEAF demonstrated the feasibility of utilization of char in the EAF, but
following aspects need to be investigated further: - charging in the bucket: preliminary industrial trials were promising, but char
reactivity must be controlled and EAF operating practice optimised; - injection: in order to promote slag foaming, injection
systems have to be improved. Modification of injection systems have already been studied but field validation is required. The
effects on: plant productivity, costs, environmental issues, materials handling and storage are also evaluated.

CENTRO SVILUPPO MATERIALI SPA
FERRIERE NORD S.P.A.
GEORGSMARIENHUTTE GmbH

IMPERIAL COLLEGE OF SCIENCE, TECHNOLOGY AND MEDICINE

STAHL- UND WALZWERK MARIENHUTTE GMBH

RHEINISCH-WESTFALISCHE TECHNISCHE HOCHSCHULE AACHEN
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Country

ITALIA

ITALIA
DEUTSCHLAND
UNITED KINGDOM
OESTERREICH
DEUTSCHLAND

Scientific person in charge
Filippo CIRILLI (Pr. Coord.)
Loris BIANCO

Bernd DETTMER

Marcos MILLAN

Thomas GRIESSACHER
Thomas ECHTERHOF
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AdaptEAF

Adaptive on-line control of the EAF based on innovative sensors and comprehensive models for
improved yield and energy efficiency

Type of Project Pilot&Demonstration Duration (months) 36
Total Budget 1006074 € Start Date 1/07/2014
EU Contribution 503036 € End Date 30/06/2017

Running project

The main objective of this Pilot & Demonstration project is to set up a new adaptive on-line control for the EAF depending on the
properties of the actually charged materials, to optimise the efficiency of the chemical energy input and thus to reduce the total
energy consumption and to improve the metallic yield. Novel sensors and measurement methods for online acquisition of bath
level, steel and slag amount, and scrap melting behaviour will be applied. This additional process information will be used to
enhance the performance and prediction accuracy of previously developed dynamic and statistical models for online monitoring
of the process status. Furthermore relevant information on the efficiency of the different energy inputs and the metallic yield of
the charged scrap will be derived. The on-line information on bath level, steel and slag amount, scrap melting progress and
energetic behaviour will be used for model-based on-line control of scrap charging as well as chemical energy input via burners
and oxygen injectors, aiming at: ® Balanced electrical and chemical energy inputs for optimised energetic performance
Maximised metallic yield of the charged materials (avoiding yield losses by excessive oxidation) ¢ Optimised furnace practise
regarding scrap charging, steel bath level and slag amount Within the online control functions, also quality-dependant constraints
regarding EAF tapping temperature and melt composition will be considered. The tools for monitoring, control and technical
management of the EAF process will be implemented, tested and validated at a well-equipped and instrumented 140 t DC
electric arc furnace, to demonstrate the energetic, metallurgical and economic benefits.

Country Scientific person in charge
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Bernd KLEIMT (Pr. Coord.)
GEORGSMARIENHUTTE GmbH DEUTSCHLAND Bernd DETTMER
HELMUT SCHMIDT UNIVERSITAT UNIVERSITAT DER BUNDESWEHR ~ DEUTSCHLAND Vico HAVERKAMP

HAMBURG
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BOFdePhos

Dynamic on-line monitoring and end-point control of dephosphorisation in the BOF

Type of Project Research Duration (months) 42
Total Budget 1831821 € Start Date 1/07/2014
EU Contribution 1099091 € End Date 31/12/2017

Running project

The control of the BOF converter process is generally based on the results of a static charge calculation, the observation of the
decarburisation behaviour based on a continuous off-gas analysis and an in-blow measurement for steel temperature and oxygen
content. As these measurements do not provide direct information on the steel phosphorus content, a steel sample is taken to
be analysed at the lab. Afterwards re-blow actions have to be taken in case the target values of the process have not yet been
reached. The objective of the project is the development of a comprehensive dynamic process model for the BOF which can be
used for on-line monitoring and control of the process behaviour with focus on the dephosphorisation. This model shall also
consider actual slag conditions and melt temperature, as both have a significant influence on the equilibrium conditions of the
dephosphorisation reaction. The process model will be developed on the basis of detailed studies of the thermodynamic and
reaction kinetic fundamentals, as well as an application of new sensors measuring the oxygen activity and height of the converter
slag. The model-based on-line monitoring and control system shall be used to determine the end-point of the process with
respect to phosphorus content and melt temperature with higher accuracy, and shall thus help to reduce the reblow rate and to
shorten the process times, as waiting for the lab analysis can be avoided. Furthermore the model shall be used to calculate
dynamic set-points in the final phase of blowing, in order to achieve the target values at minimal cost and time. The complete
model based control system will be implemented, tested and validated at an industrial BOF plant. The transferability of the
results to other converters of different size and equipment as well as to the production of various steel qualities shall be proved
within the framework of offline simulations based on appropriate process data from further BOF plants.

Country Scientific person in charge
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Bernd KLEIMT (Pr. Coord.)
GTT GESELLSCHAFT FUR TECHNISCHE THERMOCHEMIE UND - DEUTSCHLAND Klaus HACK
PHYSIK GmbH
KUNGLIGA TEKNISKA HOGSKOLAN - THE ROYAL INSTITUTE OF SVERIGE Du SICHEN
TECHNOLOGY
MINKON GMBH DEUTSCHLAND Harald FISCHER
SMS SIEMAG AG DEUTSCHLAND Norbert UEBBER
TATA STEEL UK LIMITED UNITED KINGDOM B. Mariana. ADDERLEY
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LADTHERM

Improving steelmaking processes by enhancing thermal state ladle management

Type of Project Research Duration (months) 42
Total Budget 1373771 € Start Date 1/07/2014
EU Contribution 824262 € End Date 31/12/2017

Running project

This proposal aims to monitor the thermal state of steelmaking ladles during secondary steelmaking operations and to improve
said operations. Improvements are derived from optimised utilisation of the heat stored in the ladle lining. Innovative
temperature measurements provide online information to accompanying thermal models, calculating the actual total ladle heat
content Q that is stored in the lining. This is a new input parameter for ladle thermal state monitoring systems, steel temperature
prediction models and advisory systems for best ladle practices, so that optimum utilisation of the thermal energy stored in ladle
lining will be achieved.

Country Scientific person in charge
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Herbert KOCHNER (Pr. Coord.)
ARCELORMITTAL BREMEN GMBH DEUTSCHLAND Nils RICHTER
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA Asier ARTEAGA
KUNGLIGA TEKNISKA HOGSKOLAN - THE ROYAL INSTITUTE OF SVERIGE Du SICHEN
TECHNOLOGY
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OptiScrapManage

Optimization of scrap charge management and related process adaptation for EAF performances
improvement and cost reduction

Type of Project Research Duration (months) 36
Total Budget 2052951 € Start Date 1/07/2014
EU Contribution 1231768 € End Date 30/06/2017

Running project

Process improvement and cost reduction need the improvement on charge practices, process management and definition of
proper technological targets to be followed and in particular the optimization of scrap mix definition has to be coupled with
optimization of operating practice adopted. Furthermore the balance between different process targets, also in opposition, has
to be taken into account with a multi-criteria approach to give to the steelmaker an applicable system of improvement for the
wide range of necessities of plant and process management. To combine these necessities with the application of the calculation
tools available for these scopes it need a correct interpretation of the links between technological phenomena occurring in the
process in the specific plant with the management actions realized and a multi-criteria approach has to be developed both for
models tuning and for balancing different process targets with operating practice implemented. The project aim is the
improvement of EAF process performances, steel quality and cost reduction in terms of metallic yield, energy efficiency, and steel
quality following a continuous route of improvement including charge mix and operating practice optimization in a single step. A
coupled aim is the production of higher quality steels via the electric steelmaking route instead of oxygen steelmaking and
increase flexibility in use of lower value materials, through the adapted multi-criteria monitoring and control, to reach a cost
reduction of charged material using scrap/materials available in the EU. The optimization activity will be coupled with modern
techniques of process monitoring and control through multi-criteria approach of performances indicators involving a detailed
modelling of interaction between steel/slag.

Country Scientific person in charge
CENTRO SVILUPPO MATERIALI SPA ITALIA Piero FRITTELLA (Pr. Coord.)
ACCIAIERIE DI CALVISANO SPA ITALIA Eric FILIPPINI
CENTRE DE RECHERCHES METALLURGIQUES ASBL BELGIQUE Claudio OJEDA
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA Asier ARTEAGA
TATA STEEL UK LIMITED UNITED KINGDOM  William LAW
FUNDACION TECNALIA RESEARCH & INNOVATION ESPANA José Angel GUTIERREZ OLABARRIA
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Ralf PIERRE
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RIMFOAM

Recycling of industrial and municipal waste as slag foaming agent in EAF

Type of Project Research Duration (months) 36
Total Budget 2297764 € Start Date 1/07/2014
EU Contribution 1378657 € End Date 30/06/2017

Running project

High electric energy and coal prices in combination with carbon dioxide taxes have driven European steelmakers to look for
alternative chemical energy resources other than primary coal to remain competitive on the global steel market. This requires
higher flexibility in the steel production route regarding raw material preparation and melting operation. This project seeks to
partly substitute carbon and oxygen with industrial and/or municipal waste (ASR, rubber tyres, plastics, biomass waste and by-
products, EAF dust and mill scale) for slag foaming purposes in the EAF. The goal is to explore cost- and energy-effective
alternative slag foaming agents while maintaining or improving the slag foaming intensity, preserving the liquid steel quality and
keeping emissions at a low level. An experimental approach will be adopted to meet the goal of the project involving material
characterization, pre-treatment, lab- and pilot testing and industrial trials. Activities are carried out for industrial development,
with support of research centres focused on materials characterization, definition of waste material pre-treatment, laboratory
and pilot tests. Evaluation of the results will be based on technical feasibility, an economical perspective, emission levels and
energy consumption. The development of methods to charge or inject industrial and municipal waste into the EAF will benefit the
flexibility of the industry. The extensive material tests and pilot/industrial trials in the project will ensure that partial substitution
of coal with waste materials can be done without increased environmental footprint or compromised steel quality. This will lead
to a competitive and more environmental sustainable European steelmaking industry. The involvement of a variety of
steelmakers with different EAF sizes and types (AC/DC) allows producing general guidelines for other European Electric
Steelmakers, who can benefit from the increased knowledge.

Country Scientific person in charge
SWEREA MEFOS AB SVERIGE Erik SANDBERG (Pr. Coord.)
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Philippe RUSSO
ARCELORMITTAL BELVAL & DIFFERDANGE S.A. LUXEMBOURG Thomas FREGONESE
CENTRO SVILUPPO MATERIALI SPA ITALIA Eros Luciano FARACI
FERALPI SIDERURGICA S.p.A. ITALIA Eric FILIPPINI
HOGANAS SWEDEN AB SVERIGE Fredrik CEDERHOLM
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The scope of TGS3 includes:

e Continuous casting and near net shape casting techniques with or without direct rolling for flat and long
products

e Chemistry and physics of solidification

e Ingot casting

e Maintenance and reliability of production lines

e Reduction of emissions, energy consumption and improvement of the environmental impact
e Standardisation of testing and evaluation methods

e Instrumentation, modelling and control of processes
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THINSTRIP

Industrial realisation of the production of thin strip in a casting rolling line

Type of Project Pilot& Demonstration Duration (months) 36
Total Budget 696664 € Start Date 1/09/2003
EU Contribution 278666 € End Date 31/08/2006

Project completed

The aim of the project was the substitution of cold rolled and annealed strip for deep drawing applications by hot strip thinner
than 2 mm. The hot strips were produced on a casting rolling line by low-temperature ferritic rolling. Based on ELC steel grades,
two production routes were used: 1. high finishing and coiling temperatures to get a soft and ductile thin gauge hot strip for
direct application, 2. low finishing and coiling temperatures to get a strained thin hot strip for direct annealing, particularly well-
suited to a hot dip galvanising treatment just after pickling. The first mill trial was carried out in 2003 with a Ti-concept. Strips
with low coiling temperatures were produced. Selected strained thin hot strips were hot dip galvanised. The requirements for
drawing quality could not be achieved in the first test. For comparison, the mill trial was repeated at the pilot line at TU BA
Freiberg. The results of the mill trial were confirmed. In a next step the chemical composition was optimised in Freiberg. Alloying
concepts with Ti, Nb and B were tested. Meanwhile, the lubrication system of the casting rolling line was modified and optimised.
The tested boron concept showed promising results and new production trials were performed. The results of the mill trials
showed a clear improvement, but in most cases the desired properties were not achieved. New pilot trials were performed in
Freiberg. The target was the understanding of the differences between pilot and mill trials. Additionally the influence of a higher
B level was studied. The results of all additional tests in Freiberg demonstrated no clear solution for further mill trials. The
expected mechanical properties, low yield strength in combination with high r-values, could not be reached with an ELC steel.
These results confirmed the conclusion that a safe and successful industrial production on the casting rolling line could not be
guaranteed.

Country Scientific person in charge
THYSSENKRUPP STEEL EUROPE AG DEUTSCHLAND Hans-Peter SCHMITZ (Pr. Coord.)
TECHNISCHE UNIVERSITAT BERGAKADEMIE FREIBERG DEUTSCHLAND Rudolf KAWALLA
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CASTDESMON

Improvement, control & prediction of cast & rolled products through development & application of
novel engineering monitoring techniques

Type of Project Research Duration (months) 50
Total Budget 1994997 € Start Date 1/09/2003
EU Contribution 1196998 € End Date 31/10/2007

Project completed

"The aim of the project has been to develop improved means of defining, monitoring and assessing the effects of caster design,
condition and operation on slab, bloom and rolled product quality in order to enable better control of the process and to provide
the required data for quality prediction. The project has determined the effect of mould taper, wear, metal level, heat transfer
and friction under steady state and dynamic conditions; relationships with product quality data have been established together
with means of predicting and controlling caster condition. New and existing engineering and operational monitoring techniques
(both on- and off-line technologies) for the mould and strand support areas have been delivered. Relationships between
engineering and operational parameters, monitored under both steady state and dynamic conditions, and cast product quality
have been defined. An understanding has been developed using mathematical modelling and plant trials of mould taper and how
its incorrect choice and loss affects the quality and shape of the continuously cast semi; this has included the development of
improved off- and on-line taper measurement. The effect and extent of mould wear on surface and subsurface quality has been
defined. Improved methods for wear measurement have been developed. Improved means of predicting and controlling caster
condition and cast product quality have been delivered. These have included the development and application of data-based
methods for quality prediction of cast and rolled product. Potential areas of exploitation for the results from this project have
been highlighted."

Country Scientific person in charge
TATA STEEL UK LIMITED UNITED KINGDOM  Gerard STEPHENS (Pr. Coord.)
ARCELORMITTAL ESPANA SA ESPANA Luis Fernando SANCHO MENDEZ
ARCELORMITTAL EISENHUTTENSTADT GmbH DEUTSCHLAND Bertram SEHER
CENTRO SVILUPPO MATERIALI SPA ITALIA Arianna GOTTI
FORSCHUNGS- UND QUALITATSZENTRUM BRANDENBURG GmbH ~ DEUTSCHLAND Ramona KLOPPEL
FUNDACION TECNALIA RESEARCH & INNOVATION ESPANA Martin OJANGUREN OTAZUA
VOESTALPINE STAHL DONAWITZ GmbH OESTERREICH Markus FORSTHUBER
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Norbert LINK
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Nox-RF

Minimizing Nox emissions from reheating furnaces

Type of Project Research Duration (months) 42
Total Budget 2554141 € Start Date 1/09/2003
EU Contribution 1532485 € End Date 28/02/2007

Project completed

Primary NOx reduction with low NOx burners can be considered the best available technology (BAT) for steel reheating furnaces.
In fact, the results of testing and modelling flameless low NOx burners for both high temperature air combustion (e.g. Techint TSX
and VTS-NFK HRS burners) and oxy-fuel combustion (Air Liquide ALROLL-S burner) indicated that much lower NOx emissions are
possible than with traditional flame burners. This gives the steel industry new opportunities to reduce the environmental impact
of traditional furnaces, and the great potential for energy savings and reduced emissions with this technology are worth further
investigation in the new RFCS CO2RED project. NOx emissions are strongly dependent on not only the type of furnace and
equipment but also the operational conditions (for example, the excess air, and furnace and combustion air temperatures).
Therefore the low NOx burner trials were made varying these major operational parameters. Reducing the excess air reduced the
NOx in general for all the types of burners tested, which is useful up to the process limitations (CO emissions, etc.) and process
control accuracy (as flow measurements). Oscillating combustion gave modest NOx reductions. Secondary NOx removal with high-
temperature reduction (HTR) competes with SNCR as an alternative for the NOx removal method with ammonia after the
combustion chamber, with both methods having their special advantages and disadvantages. The NOx predictions using Fluent
were lower than experimental data for dilute and flameless combustion, but reasonably good predictions were possible for
conventional flame burners (e.g. for the furnace at voestalpine). More complex reaction models using Chemkin were not
successful in accurately predicting NOx. NOx could be predicted using an empirical neural network-based program called NANOx
for NOx in reheating furnaces.

Country Scientific person in charge
SWEREA MEFOS AB SVERIGE John NISKA (Pr. Coord.)
L'AIR LIQUIDE SA FRANCE Rémi TSIAVA
CENTRO SVILUPPO MATERIALI SPA ITALIA Enrico MALFA
FUNDACION TECNALIA RESEARCH & INNOVATION ESPANA Jesus DE LA QUINTANA
INSTITUTO DE SOLDADURA E QUALIDADE PORTUGAL Joao Fernando GOMES
TENOVA SpA ITALIA Marco DANERI
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Heinz-Peter GITZINGER
VOESTALPINE STAHL GMBH OESTERREICH Bernhard KAUFMANN
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PRESEG

Prediction of rolled product properties by correlation with as-cast structure & rolled product, plant
process variables, plant process variables including modelling of segregation

Type of Project Research Duration (months) 42
Total Budget 1962853 € Start Date 1/09/2003
EU Contribution 1177712 € End Date 28/02/2007

Project completed

This project is a collaboration between Teesside Technology Centre — Corus UK Ltd, Centro Sviluppo Materiali (CSM), voestalpine
Stahl Donawitz (VASD), Arcelor Espafia, Corrosion and Metals Research Institute (KIMAB) — formerly (SIMR) Swedish Institute of
Metals Research, Scuola Superiore Sant'Anna (SSSA) and Helsinki University of Technology (HUT). The project is coordinated by
Corus. The aim of the project is to relate centreline segregation severity and distribution to the rolled product quality. This has
been achieved by combining plant measurements, modelling and metallurgical assessment and taking an integrated view of the
casting and subsequent rolling processes via slab, bloom and billet routes for both long and flat products. Industrial partners and
partners with industrial contacts have collected plant process data and segregation data, including sulphur print images, for both
as-cast semi products and for final rolled products. Image analysis programs have been used to characterise segregation in as-
cast products and quantitative methods employed to determine segregation indices. Regression analyses and neural network
studies have been carried out to determine links between as-cast process parameters/product qualities and rolled product
qualities. Out of this study of as-cast product and rolled product datasets, correlation coefficients between key parameters have
been evaluated and these coefficients have been used in mathematical models developed to predict both segregation profiles
during casting and rolled product properties. Macrosegregation models have also been developed to enable slab, bloom and
billet segregation profiles to be calculated, depending on process parameters and machine set-up conditions.

Country Scientific person in charge
TATA STEEL UK LIMITED UNITED KINGDOM  Brian BARBER (Pr. Coord.)
ARCELORMITTAL ESPANA SA ESPANA Luis Fernando SANCHO MENDEZ
CENTRO SVILUPPO MATERIALI SPA ITALIA Irene LUZZO
HELSINKI UNIVERSITY OF TECHNOLOGY - TEKNILLINEN FINLAND Jukka LAINE
KORKEAKOULU
SWEREA KIMAB AB SVERIGE Jacek KOMENDA
SCUOLA SUPERIORE DI STUDI UNIVERSITARI E DI ITALIA Valentina COLLA
PERFEZIONAMENTO SANT'ANNA
VOESTALPINE STAHL DONAWITZ GmbH OESTERREICH Markus FORSTHUBER
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FLUXFLOW

Enhanced steel product quality & productivity by improved flux performance in the mould through
optimising the multiphase flow conditions & special regard to melting & entrapment

Type of Project Research Duration (months) 42
Total Budget 1770935 € Start Date 1/09/2003
EU Contribution 1062560 € End Date 28/02/2007

Project completed

This project aimed at providing constructive and process engineering measures to guarantee sufficient melting of the flux and to
avoid flux entrapment. Extensive operational investigations were carried out to identify parameters important for this flux-flow
behaviour as well as to elaborate optimum set-points and SEN designs. Various methods for measuring flux layer thickness and
horizontal flow velocity in the mould — important parameters influencing flux behaviour — were partly developed and applied.
Investigations covered flat and long products as well as carbon and stainless steels. Substantial physical and mathematical
modelling work was carried out to provide additional information on the correlation between operational parameters and flux
behaviour. Here, advanced techniques with regard to simulation of flux layer evolution and formation — also under the influence
of flow conditions in the mould — were applied. Modelling results were verified by operational trials. The research made it
possible to identify certain parameters that are important for controlling flux behaviour according to goals: casting velocity,
immersion depth, oscillation stroke, nozzle design and the free carbon content and viscosity of the flux. Also possible was the
elaboration of statements concerning the proper adjustment of these parameters. On the other hand, parameters such as melt
superheat or intensity of electromagnetic stirring have minor influence. A very important fact is that unsteady conditions
increase the risk of entrapment. Here, there is a high risk when casting begins, and until the process achieves a certain degree of
stability. Moreover, a loss in mould level stability or changes in near-surface flow velocities of the melt must be avoided. The
results of this research are clearly useful for many European steel producers. To guarantee optimum flux behaviour, the
parameters must be finely tuned to match the specific situation of an individual plant. The research demonstrates possible
approaches to do this.

Country Scientific person in charge
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Sigurd RODL (Pr. Coord.)
ACERALIA CORPORACION SIDERURGICA S.A. ESPANA Luis Fernando SANCHO MENDEZ
COGNE ACCIAI SPECIALI SpA ITALIA Armando POLI
CENTRO SVILUPPO MATERIALI SPA ITALIA Michele DE SANTIS
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA Javier CIRIZA
THYSSENKRUPP NIROSTA GMBH DEUTSCHLAND Jorg-Friedrich HOLZHAUSER

Holzhauser, J.-F., Ballewski, H.-H., Rodl, S., Striedinger, R. Improvement of product quality by optimized process control in a slab
casting mould. Proceedings of the 3rd International Steel Conference on New Developments in Metallurgical Process
Technologies. 11.-15. June 2007, Dusseldorf, Germany, pp. 759/767
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REGTGF

Improvement of top gas fired reheating and direct reduction furnaces for high temperature using
innovative regenerative burners

Type of Project Research Duration (months) 40
Total Budget 1219192 € Start Date 1/09/2003
EU Contribution 731515 € End Date 31/12/2006

Project completed

The project was concerned with two main objectives: reduction of energy consumption and improvement of product quality in
reheating and direct reduction furnaces. Components such as regenerators and burners have been tested at test facilities, with
on-site measurements at conventional reheating furnaces with central recuperators. On-site measurements at conventional
reheating furnaces in rolling mills have been done. Exhaust gas enthalpy is used to preheat combustion air by central
recuperators. Operating data conform with data from literature and previous measurements of project partners. Several ceramic
honeycombs as heat storage modules for regenerators and a regenerative burner system have been investigated at the test
facilities of CSM and BFI. Characteristics of the possible regenerator configurations are described. Two burners using fuel gases
with a wide spread in calorific value have been examined at test furnaces. Heat recovery from flue by thermal regenerators and
recuperators for air and fuel preheating pushed furnace efficiency, temperature and power. In combination with CFD, burner
design has been optimised regarding ignition, CO and NOx emissions. The influence of new heating technology on heat transfer
inside an industrial furnace, on the reheating of products and on scale formation was analysed. The differences in the heating
process and material quality using conventional furnace equipment or optimised technology have been worked out. Results have
shown that an extensive heat recovery from flue gas in combination with optimised burner technology enables the substitution
of valuable fuels in high temperature processes by weak by-products, to decrease fuel consumption and scale formation and to
increase quality of product heating.

Country Scientific person in charge
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Wolfgang ADLER (Pr. Coord.)
AKTIEN-GESELLSCHAFT DER DILLINGER HUTTENWERKE AG DEUTSCHLAND Klaus EBERWEIN
CENTRO SVILUPPO MATERIALI SPA ITALIA Umberto ZANUSSO
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EDDYCAST

Multiplexed eddy-current arrays for the detection of corner cracks on as cast products in the
inspection yard & at the exit of continuous casting

Type of Project Research Duration (months) 54
Total Budget 1039110 € Start Date 1/07/2004
EU Contribution 623466 € End Date 31/12/2008

Project completed

Eddy-current arrays, which appeared on the market in 2000, may help us to solve an old problem: the qualification of corner-
crack sensitive grade as-cast products at the exit of the continuous casting. The consortium led by ArcelorMittal, with Dillinger
HW, Sidenor and TKS as partners, designed eddy-current array probes for detecting corner cracks and the mechanics for testing
them at the exit of casting facilities, on slabs or billets. Detection results are contrasted, as follows. - For billets, the crack
geometry allows easy detection, in handheld conditions. However, in order to operate the probe correctly, a 3 mm standoff is
required, which could not be attained in the conditions of a billet conveyor. - For slabs, crack geometry requires that the slab
temperature should not be excessively below Curie point, typically 710 °C. If these conditions are met at the exit of a continuous
caster, then detection should be sufficient to allow slabs to be assessed and assigned.

Country Scientific person in charge
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Philip MEILLAND (Pr. Coord.)
AKTIEN-GESELLSCHAFT DER DILLINGER HUTTENWERKE AG DEUTSCHLAND Helmut LACHMUND
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA Juan José LARAUDOGOITIA
THYSSENKRUPP STEEL EUROPE AG DEUTSCHLAND Wolfram WEBER
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CASTINCREM

Cast product improvement by "through process" inclusion assessment and removal

Type of Project Research Duration (months) 45
Total Budget 1256036 € Start Date 1/07/2004
EU Contribution 753621 € End Date 31/03/2008

Project completed

Castincrem is a collaborative project involving Corus RD & T, BFI, Ascometal, Sidenor | & D and voestalpine Stahl Donawitz. The
focus is to correlate inclusion-related events during casting with process parameters and develop techniques to alleviate
problems of agglomeration, nozzle clogging and flow disruption in the mould. Work involved data collection for aluminium and
non-aluminium killed steels by the industrial partners, followed by assessment of cleanness and correlation with production
parameters. At Corus the focus was strip grade steels, at Ascometal automotive long products, and at Sidenor and VASD long
products for engineering. Relationships have been shown for the influence of steelmaking and casting parameters such as
inclusion modification, steel chemistry (influence of Al, Ca and possible role of Ti and V) and control of casting conditions (mould
level, argon pressure and others) on castability and nozzle clogging. Use of advanced statistical methods including the statistics of
extremes was also explored (Corus) to predict the largest particle likely to be present. CFD and physical modelling by BFI, beyond
the previous state of the art, involved modelling of inclusion agglomeration and capture in the tundish in both stable and
unstable operating conditions. This also involved consideration of multi-phase flows. Practical trials investigated improved steel
feeding such as the stopper/nozzle combination and control systems, particularly with regard to the role of argon. A prototype
idea for the promotion of inclusion removal by recirculating flows was also studied on the pilot scale and in initial production
scale casts. Results are discussed and recommendations given.

Country Scientific person in charge
TATA STEEL UK LIMITED UNITED KINGDOM  Alan SCHOLES (Pr. Coord.)
ASCOMETAL S.A.S. FRANCE Joél MANCINI
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA Santiago LANDA LAZCANO
VOESTALPINE STAHL DONAWITZ GmbH OESTERREICH Axel SORMANN
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Sigurd RODL

K. Marx, R. Koitzsch, S.Rodl. Investigations on inclusion agglomeration and separation in continuous slab casting tundish applying
new numerical simulation approaches, 6th European Continuous Casting Conference, Riccione, 2008
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FLOWVIS

Measurement, prediction and control of steel flows in the casting nozzle and mould

Type of Project Research Duration (months) 48
Total Budget 1357913 € Start Date 1/07/2004
EU Contribution 814748 € End Date 30/06/2008

Project completed

Control of steel flow through the casting nozzle and within the mould is an important determinant of steel cleanness and surface
quality. Techniques including visualisation of steel flow in the nozzle using electromagnetic, ultrasonic and thermal sensors in
combination with the measurement of steel flow velocities and distribution in the mould allow project partners Corus RD & T,
Sidenor | + D, BFI, Saarstahl and MEFOS to develop a physical picture of the steel flow behaviour during the casting process,
including effects such as nozzle clogging and flow asymmetry/biased flow. In addition, a full-scale physical model of a slab caster
has been designed and manufactured using a low-temperature liquid metal to simulate the casting process. Work has been
carried out using these techniques to correlate with existing data, product grading schemes and both product cleanness and
surface quality. An assessment has been made of the influence of flow pattern in the SEN and mould on solidification. A study
was made of reasons for changes observed in flow patterns, including determination of why flow patterns change during stable
casting. An investigation into the influence of casting parameters on clogging and wear has been carried out, including criteria for
monitoring the condition of the nozzle during casting. From these assessments recommendations have been made for process
optimisation. These include the control of flow pattern in the SEN, optimisation of SEN immersion depth and online monitoring of
clogging. A comparison was made between the various techniques, indicating their capability and limitations.

Country Scientific person in charge
TATA STEEL UK LIMITED UNITED KINGDOM  Stuart R. HIGSON (Pr. Coord.)
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA Javier CIRIZA
SWEREA MEFOS AB SVERIGE UIf SIGSTROM
SAARSTAHL AG DEUTSCHLAND Peter VALENTIN
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Torsten LAMP

S R Higson, P Drake (Corus R, D & T, UK), A Lyons (MPC AB, Sweden), A Peyton (University of Manchester, UK): 2nd International
Workshop on Measuring Techniques for Liquid Metal Flows, Dresden, Germany. April 2007: An electromagnetic technique to
measure steel flow patterns within the continuous casting nozzle.

U Sjostrom (MEFOS, Sweden): 2nd International Workshop on Measuring Techniques for Liquid Metal Flows, Dresden, Germany.
April 2007: Sensors for non-contact velocity measurements for continuous casting of steel.
Ultrasonic sensor:

http://www.bfi.de/en/fields_of_activity/Measurement_and_automation/_doc/Brochure_BFI_Measuring_Techniques_Metallurgi
cal_Processes.pdfttpage=15
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Beam-blank MFC

Direct casting of small sections beam-blanks thanks to meniscus free casting technology

Type of Project Pilot& Demonstration Duration (months) 48
Total Budget 1467150 € Start Date 1/07/2005
EU Contribution 586860 € End Date 30/06/2009

Project completed

This demonstration project aimed at showing through pilot trials that beam blanks for the production of small sections could be
cast continuously close to the final shape using meniscus free casting (MFC) technology. Past experiences with bars and billets
had shown that productivity and product quality obtained with MFC could be a serious advantage for near-net shape beam-
blanks casting.A successful completion of this project could then lead to substantial savings in the casting operations. Additional
cost reductions could be expected for the rolling operations, mainly due to the reduction in the number of rolling
passes.Calculations and design work demonstrated the a priori possibility of such a casting with a particular mould and its
dedicated feed head. Manufacturing the mould was ambitious, and answered the question of coating a smallbeam-blank shape,
digging in appropriate copper blocks and machining properly the desired form.Eleven heats were cast on pilot caster during the
trial campaign. The main technical results were as follows :¢ Adequate start-up procedure was defined. The compromise
between anchoring and overcoming fast solidification in the web was reproduced twice.® Heat extraction in the designed MFC
mould is possible but should be confirmed on further tests. Improvements of mould design are still possible and should provide
better results.e Product quality is good and homogeneous. The presence of some cracks and overthicknesses could be reduced
with taper adaptations.This demonstration project was technologically bold, and addressed only the validation of technical
options. The bases for near-net shape casting have been settled, and the potential of such a technology is increased after the
results obtained.

Country Scientific person in charge
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Martin BEAUVAIS (Pr. Coord.)
ARCELORMITTAL BELVAL & DIFFERDANGE S.A. LUXEMBOURG Pierre HUBSCH

W02012175822 (A1) - METHOD AND DEVICE FOR CONTINUOUSLY CASTING A PROFILE MEMBER BLANK. JOLIVET JEAN-MARC
[FR], BEAUVAIS MARTIN [FR], HEMMER CHRISTOPHE [FR], GAUGUE MICHEL [FR]
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SMARTFIRE

Real-time intelligent diagnostics and optimisation of reheating furnace performance

Type of Project Research Duration (months) 42
Total Budget 2056119 € Start Date 1/07/2005
EU Contribution 1233672 € End Date 31/12/2008

Project completed

The Smartfire project was undertaken to identify ways of optimising the operation of reheating furnaces, maintenance and
product quality by providing furnace diagnostic tools for monitoring and controlling process parameters. In one work stream, a
technique was successfully developed to produce diagnostic signals from flame imaging. It also demonstrated for the first time
that even nominally identical burners produce different characteristic signals. Without recalibration, this limits the transfer
between burners, making furnace-wide application difficult. In another work stream, statistical and physical models of furnace
features were developed and linked with furnace databases to form on-line real-time diagnostic systems, although the developed
flame analysis system was not included in these diagnostic systems, as had originally been planned. Through development and
implementation of these systems their benefits were demonstrated. The project was successful in developing a range of
diagnostic techniques to help improve the operation of reheating furnaces as well as product quality. By exploring the techniques
and by implementing models developed across a range of different furnaces, the project partners demonstrated broad
applicability of the diagnostics they provide. The work will be beneficial for all furnace operators supervising their own furnaces.

Country Scientific person in charge
TATA STEEL UK LIMITED UNITED KINGDOM  Graham ANDREWS (Pr. Coord.)
ACERALIA CORPORACION SIDERURGICA S.A. ESPANA Luis Antonio RODRIGUEZ LOREDO
SWEREA MEFOS AB SVERIGE Bo LEDEN
UNIVERSITY OF GLAMORGAN UNITED KINGDOM Steven WILCOX
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Guido MITTLER

H.S. Chong, C.K. Tan, S.J. Wilcox, S.M. Thai, J. Ward, G. Andrews, “Development of an intelligent flame monitoring system for gas-
fired steel reheating furnaces”. Proceedings of the 5th European Thermal-Sciences Conference, 18-22 May, Eindhoven, the
Netherlands, 2008.

Thai, S.M., Wilcox, S.J., Ward, J., Tan, C.K., Chong, H.C., Andrews, G. “Monitoring and Diagnosis of Steel Reheating Burners”.
IMECE2008-67205 ASME Congress, Boston, MA. October 30th to November 6th, 2008.

S.M. Thai, S.J. Wilcox, C.K. Tan, J. Ward, G. Andrews, “Development of an Intelligent Flame Monitoring System for Steel Reheating
Burners”, Proceedings of the Institution of Mechanical Engineers, Part A, Journal of Power and Energy, 226(8): 1014-1031, 2012.
doi: 10.1177/0957650912458859

223



RFSR-CT-2005-00010

Info

State

Final Report

Final Abstract

Partners

Selected Publications

Summaries of RFCS Projects 2003-2014
TGS3 : Casting

CLOGGING

New strategies for clogging prevention for improved productivity and steel quality

Type of Project Research Duration (months) 36
Total Budget 1858335 € Start Date 1/07/2005
EU Contribution 1115001 € End Date 30/06/2008

Project completed

This was a cooperative project involving Betriebsforschungsinstitut, ComdicastAB, Voestalpine Stahl, RIVA Acciaio, Scuola
Superiore di Studi Universitari e diPerfezionamento Sant’Anna, RWTH Aachen, Arcelor Espaiia and Kungliga Tekniska Hogskolan.
The focus was to develop innovative improvement measures for clogging prevention or minimisation. The developments are
based on results of the analysis of operational praxis and on new basic knowledge concerning the clogging mechanism. Various
databases were generated and proper statistical analyses on the influence of operational and metallurgical parameters on
clogging were performed. Investigations on clogging mechanisms were carried out by theoretical studies and the use of a
confocal scanning laser microscopy. Clogging rate deposition measurements were carried out by a clogging simulator. XBasic
information on possible influences of physical processes on clogging was studied by means of physical modelling and numerical
simulation. Investigations concerning new feeding systems designs and gas injection strategies were performed. Methods to
predict clogging by suitably defined clogging indices based on operational parameters as well as a neural network-based
predictor for steel castability and a clogging prediction model were developed. Operational trials were performed to validate
optimisation measures. Important findings were developed which can be directly used by other European steel producers or at
least can be used as an offset for activities adjusting methods and measures to their individual operational situation.

Country Scientific person in charge
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Sigurd RODL (Pr. Coord.)
ARCELORMITTAL ESPANA SA ESPANA Luis Fernando SANCHO MENDEZ
COMDICAST AB SVERIGE Sven EKEROT
KUNGLIGA TEKNISKA HOGSKOLAN - THE ROYAL INSTITUTE OF SVERIGE Margareta ANDERSSON
TECHNOLOGY
RIVA ACCIAIO SPA ITALIA Nicola VENERI
RHEINISCH-WESTFALISCHE TECHNISCHE HOCHSCHULE AACHEN DEUTSCHLAND Dieter G. SENK
SCUOLA SUPERIORE DI STUDI UNIVERSITARI E DI ITALIA Valentina COLLA
PERFEZIONAMENTO SANT'ANNA
VOESTALPINE STAHL GMBH OESTERREICH Guangmin XIA

S. Stratemeier, D. Senk, A. Grosse und B. Kurth: Eigenschaften von mechanisch hergestelltem Desoxidationsaluminium, Stahl und
Eisen 126, Nr. 11/2006

D. Senk and A. Grosse: De-oxidation practice in twin-roll-casting of aluminium-killed carbon steels. Proceedings of the 7th
International Conference on Clean Steel, Balatonfiired/Hungary, 4-6 June 2007. pp. 254-263

Senk, D., Grosse, A., Graf, G.: Dynamic de-oxidation and inline alloying of Al in continuous casting of billets and strips. La
Metallurgie Italiana 101 (2009), Nr, 11-12, Page 65-70

Grosse, A.: , Entwicklung eines dynamischen Desoxidations- und Legierungsverfahrens fiir die Herstellung aluminiumberuhigter
Kohlenstoffstdhle beim BandgieRen” (,,Development of a dynamic deoxidation and alloying process for the production of
aluminium-killed carbon steels during strip casting”), Ph.D. Theses, ISBN: 978-3-8322-8499-2

Senk D., Grosse A.: Dynamic de-oxidation and alloying for Al-killed carbon steel in billet and strip casting. Proceedings of the 8th
International Conference on Clean Steel, Budapest/Hungary, 14-16. May 2012. Hungarian mining and metallurgical society,
F_07/01.PDF (CD-ROM)
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SOLIMOULD

Enhanced as-cast product quality by optimised mould taper design

Type of Project Research Duration (months) 42
Total Budget 1286510 € Start Date 1/07/2005
EU Contribution 771905 € End Date 31/12/2008

Project completed

The goal of this project was to investigate how the taper in combination with shrinkage, operational parameters and other mould
conditions (wear and distortion) affects as-cast product quality for different semis formats, namely billets and slabs. As a result, it
was possible to gain crucial information for optimising mould design and operational parameters, with the aim of improving as-
cast product quality. Plant trials were supported by mathematical modelling for early solidification and the interaction between
solidified shell and mould. Work involved data collection for flat and long products by the industrial partners, followed by
assessment of cross section profiles and correlation with production parameters. Corus focused on slabs and billets, while
Sidenor concentrated on billets, and CSM and VDEh-BFI on the development of numerical methods for the simulation between
mould and as-cast product. Analysis and the elaboration of theories concerning the interaction between as-cast product and
mould for the standard casting practice were defined. It allowed the characterisation of the as-cast material results in terms of
shrinkage, cross-section shape and quality results for the standard casting practice. Special attention was paid to the formation of
oscillation marks, the phenomenon of binding between billet and mould, and the deformation of mould tubes due to thermal
conditions and physical constraints, and its effect on the as-cast material transversal shape. On the other hand, the 2D in-mould
solidification numerical model developed during the project was applied to simulate the solidification of the steel inside the billet
moulds. From the calculated steel shell displacements, an ideal taper profile was derived, describing the way the length of the
billet cross section perimeter changes from the meniscus level to mould exit.

Country Scientific person in charge
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA Inigo UNAMUNO (Pr. Coord.)
CENTRO SVILUPPO MATERIALI SPA ITALIA Maria Rita RIDOLFI
TATA STEEL UK LIMITED UNITED KINGDOM  Andrew CHOWN
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Oliver BREITFELD

G. Alvarez de Toledo, I. Unamuno, J. J. Laraudogoitia, J. Ciriza, I. Alvarez. “Study of billet mould interaction during casting through
billet contour measurements”, Proceedings ECCC2008, Riccione, Italy
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SLAGFILMOWL

Optimising slag film properties and determination of operational windows for lubrication, mould
heat transfer and shell formation

Type of Project Research Duration (months) 42
Total Budget 2046240 € Start Date 1/07/2005
EU Contribution 1227745 € End Date 31/12/2008

Project completed

To improve the surface quality of continuously cast semis, this collaborative project has developed further understanding of the
events and conditions at the meniscus that affect slag infiltration and conditions in the mould-strand gap resulting from the
properties of the slag film. This has been achieved in two ways. The first was by characterisation of the mould top slags and
mould strand slag films from industrial casters of the partners and the correlation of these samples with plant operational and
surface quality data. The second was by numerical modelling of early solidification and the effect of deformationand stresses on
the shell and slag infiltration in the mould-strand gap. From the developed understanding, operational windows for lubrication,
mould heat transfer and shell growth have been developed, resulting in surface quality improvements. At Sidenor the work
focused on the development of a new high speed billet casting practice, Outokumpu aimed to reduce a specific type of deep
longitudinal cracking found on wide slabs of a duplex stainless grade, GMH aimed to optimise surface quality of three special
steel grades through plant trials and numerical simulation of its bloom mould by VDEh-BFI and Corus aimed to optimise heat
transfer and surface quality on the Scunthorpe Slab Caster with particular focus on peritectic steel grades and the impact of a
caster enhancement for faster casting. CSM has developed a coupled thermodynamic and heat transfer model to predict how
heat transfer and lubrication change as a result of chemical interaction between mould slag and steel.

Country Scientific person in charge
TATA STEEL UK LIMITED UNITED KINGDOM Bridget STEWART (Pr. Coord.)
CENTRO SVILUPPO MATERIALI SPA ITALIA Antonello DI DONATO
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA Inigo UNAMUNO
GEORGSMARIENHUTTE GmbH DEUTSCHLAND Ingo KOLM
SWEREA KIMAB AB SVERIGE Carl-Ake DACKER
OUTOKUMPU STAINLESS AB SVERIGE Appell ANDERS
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Oliver BREITFELD
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TUNDJUST

Innovative tundish management for final steel thermal and chemical adjustment

Type of Project Research Duration (months) 36
Total Budget 1235681 € Start Date 1/07/2005
EU Contribution 741409 € End Date 30/06/2008

Project completed

"During research carried out in synergy by Centro Sviluppo Materiali (CSM), VDEh-Betriebsforschungsinstitut (VDEh-BFI), Cogne
Acciai Speciali (CAS) and Deutsche Edelstahlwerke (DEW), operations were designed and carried out in real tundish to control
steel composition and temperature, and to perform inclusion engineering. The research work was supported by fluid dynamics
management, aimed at favouring dissolution of materials for alloying and inclusion modification, and at allowing the
identification of injection techniques. Inclusion engineering was aimed at having matrix particles in metal that are beneficial to
mechanical properties (improved machinability steels). As a result: - alloying techniques were defined and applied via CaSi/FeS
wire injection; - inclusion engineering was performed via material (bags) poured into a pad that was suitably designed, modelled
and tested. For temperature control: - local reheating was successfully achieved with exothermic powders at the surface above
the exits; - a model for online control of steel temperature was set up and validated with plant data for operational purposes. The
innovative character of the work consisted of the application in a 'continuous' reactor (tundish) of metallurgy operations typically
exploited in a ladle ('batch' reactor). The application leads to cost savings allowing further steel composition/temperature control
after ladle treatment, reducing downgrading occurrence, or avoiding critical involvement of treatment sites in routes. The results
encouraged the workgroup to favour: - consolidation of their application for plant (e.g. CAS 'thermal heating' use and future use
of wire feeders for ad hoc inclusion engineering); - dissemination via papers and further research activities proposals to enable
operations to be systematic in steelmaking plants."

Country Scientific person in charge
CENTRO SVILUPPO MATERIALI SPA ITALIA Michele DE SANTIS (Pr. Coord.)
COGNE ACCIAI SPECIALI SpA ITALIA Armando POLI
DEUTSCHE EDELSTAHLWERKE GMBH DEUTSCHLAND Hans-Peter JUNG
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Carsten TSCHEUSCHNER

M. De Santis, A. Poli, Inclusion engineering in tundish to produce improved workability , 2nd VDEh-AIM Joint Meeting on
Metallurgical Fundamentals, ‘New Developments in Electrical Steelmaking and Casting’, September 30th, 2009, Duisburg

M. De Santis, A. Poli, Metallurgia in paniera: inclusion engineering per produzione di acciai ad alta lavorabilita, 34° Conv. Naz. AIM
— Trento, Italy, nov. 2012

R. Koitzsch, C. Tscheuschner, S. Rodl, D. Leuverink, H.-P. Jung: New approaches for prediction of thermal conditions in a
continuous casting tundish. Proceedings of the 7th European Continuous Casting Conference, 28.-30. July 2011, Dusseldorf (CD-
ROM).
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PRECIPITATION

Precipitation behaviour of microalloyed steels during solidification and cooling

Type of Project Research Duration (months) 42
Total Budget 1911068 € Start Date 1/07/2005
EU Contribution 1146641 € End Date 31/12/2008

Project completed

This was a collaborative project involving Corus R D & T, Teesside Technology Centre, Sidenor | + D, voestalpine Stahl Donawitz
GmbH (VASD), Swerea KIMAB AB (KIMAB), ArcelorMittal Research and RWTH Aachen Technical University. It was coordinated by
Corus. Building upon the knowledge gained from a previous project reported in EUR 22060, the goal of this one was to further
understand the effects of the precipitation behaviour of microalloying additions during solidification and cooling, and their
consequence on the quality of as-cast continuously cast semis. Using data and samples obtained from the industrial casters of
Corus, Sidenor, VASD and ArcelorMittal, pilot plant and laboratory investigations by all the partners and supported by
thermodynamic, numerical and kinetic modelling undertaken by KIMAB, ArcelorMittal, VASD and RWTH, further significant
knowledge has been gained of the behaviour of microalloyed steels during solidification and cooling. The effects of mould cooling
using different mould powders, the effect of secondary cooling using soft and hard cooling practices and the effect of strand
cooling using different cooling bed conditions were explored. Equipment was developed and installed to explore billet
deformation on-line as a function of steel chemistry. One alternative micro-alloying strategy was demonstrated at both Corus and
Sidenor. Process route optimisation with one microalloyed steel grade was illustrated at Sidenor. The data gained during the
project has illustrated how the precipitation during casting, solidification and cooling may possibly be altered to the benefit of
surface quality and will enable optimisation of steel chemistry for final applications by using alternative microalloying strategies.

Country Scientific person in charge
TATA STEEL UK LIMITED UNITED KINGDOM  Shahid RIAZ (Pr. Coord.)
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Yann LE PAPILLON
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA Gonzalo ALVAREZ DE TOLEDO
SWEREA KIMAB AB SVERIGE Stanislaw ZAJAC
RHEINISCH-WESTFALISCHE TECHNISCHE HOCHSCHULE AACHEN DEUTSCHLAND Dieter G. SENK
VOESTALPINE STAHL DONAWITZ GmbH OESTERREICH Axel SORMANN
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OPTHEAT

Quality improvement by metallurgical optimised stock temperature evolution in the reheating
furnace including microstructure feedback from the rolling mill

Type of Project Research Duration (months) 42
Total Budget 2549660 € Start Date 1/07/2006
EU Contribution 1529796 € End Date 31/12/2009

Project completed

The OPTHEAT project was undertaken to improve the quality and productivity of hot rolled products by using new heating
strategies and optimisation of rolling schedules. To achieve these objectives the dependence of the material properties on the
heating in the furnace and the microstructure evolution inside the stock during rolling has to been considered. The operational
data with respect to reheating and rolling practice and common operation methods for different industrial furnaces and rolling
mills across Europe were analysed. Based on these results, different steel grades and relevant material properties are selected
for the experimental investigations. Sets of heuristic rules for control of the transient furnace operation and mill set up were
estimated and operational strategies were developed. Mathematical modelling of the heating and rolling process with respect to
microstructure, product quality, temperature and energy consumption was done andimplemented. After definition of relevant
objective functions regarding the product quality, a user-friendly tool for prediction and optimisation of the microstructure was
developed. Operational system tests were done at different furnaces and rolling mills to verify the new strategies. The
productivity of the rolling mill and material quality can be increased by using improved furnace strategies for handling stoppages
in the rolling mill and changes from one lot of certain steel grade to another.

Country Scientific person in charge
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Rolf KLIMA (Pr. Coord.)
ARCELORMITTAL SESTAO S.A. ESPANA Juan |. LANGARA
FUNDACION TECNALIA RESEARCH & INNOVATION ESPANA Jon BARCO
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA José Manuel LLANOS RUIZ
INSTITUT ZA KOVINSKE MATERIALE IN TEHNOLOGIJE SLOVENIJA Anton JAKLIC
SWEREA MEFOS AB SVERIGE Bo LEDEN
AB SANDVIK MATERIALS TECHNOLOGY SVERIGE Ebrahim MOOSAVI
FUNDACION TECNALIA RESEARCH & INNOVATION ESPANA Felix PENALBA DIAZ
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CO2RED

CO2 reduction in reheating furnaces

Type of Project Research Duration (months) 48
Total Budget 2481055 € Start Date 1/07/2006
EU Contribution 1488633 € End Date 30/06/2010

Project completed

The project aims to demonstrate the capability of new combustion technology to allow a step change in environmental impact of
reheating furnaces reducing, at the same time, the CO2 and the NOx emissions. A special effort has made for defining a clear
reference for the specific consumption, and the consequent CO2 emission, of the present reheating furnaces equipped with
central recuperator and for evaluating the potential impact of regenerative and oxyfuel combustion system based on flameless
oxidation. Tests of honeycomb regenerator, flameless regenerative and oxy-fuel burners have been carried out at semi-industrial
scale in the network of R & D combustion laboratories (BFl, CSM and MEFOS) with different fuels (NG, LPG, COG, BFG). The effect
on product quality (scale formation) has been also evaluated. Regarding oxy-BFG burner tests have been carried out with pure
BFG gas as well as BFG enriched with LPG. Long run tests of regenerative burner installed at Feralpi and Arcelormittal furnaces
have been carried out for different gaseous fuels (NG, COG) confirming the reliability of the proposed technological solutions.In
parallel, a common CFD approach for modelling the combustion process of gaseous fuels has been defined by partners having the
goal to reproduce, with engineering accuracy, the velocity and temperature fields in a complex geometry. The tool has been used
for design and verification of burners before the testing and to model the reheating process in the complete furnace.Guidelines
for installation and operation of new combustion systems have been proposed and the expected benefits and drawbacks
estimated.

Country Scientific person in charge
CENTRO SVILUPPO MATERIALI SPA ITALIA Enrico MALFA (Pr. Coord.)
AGA AB SVERIGE Tomas EKMAN
ARCELORMITTAL ESPANA SA ESPANA Luis Antonio RODRIGUEZ LOREDO
FERALPI SIDERURGICA S.p.A. ITALIA Francesco MAGNI
SWEREA MEFOS AB SVERIGE Anders RENSGARD
TENOVA SpA ITALIA Maurizio SENAREGA
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Wolfgang ADLER

E. Malfa, W.Adler, T.Ekman, M. Fantuzzi, E.Filippini, A. Rensgard, Juan Jose Arribas Ramirez, CO2 reduction in reheating
furnaces, International Conference on Energy Efficiency in Steel Industry Ispat Bhawan, Ranchi — India, December 14-16, 2011

E V.Battaglia, E.Malfa, M. Fantuzzi, , CFD complete reheating furnaces modeling including stock advancement, Metal and
Metallurgy China 2012, May 7-11, .2012

E. Malfa, W.Adler , T.Ekman, M. Fantuzzi, E.Filippini, A. Rensgard , Juan Jose Arribas Ramirez, CO2 reduction in reheating
furnaces, International Symposium on High Temperature Air Combustion and Gasification (HiTACG), 5-7 July 2010, Potzan, Poland

V.Battaglia, E. Malfa, M.Fantuzzi, CFD SIMULATION OF COMBUSTION SYSTEMS FOR STEEL REHEATING FURNACES, 16° IFRF
Members’ Conference, Boston, USA June 08-10, 2009

J.Niska, A. Rensgard, T.Ekman, PILOT TRIALS WITH OXYFUEL COMBUSTION OF BLAST FURNACE GAS FOR STEEL REHEATING, 2nd
International Conference: Clean Technologies in the Steel Industry 26-28 Sept. 2011, Budapest, Hungary

Common approach for NG burner modelling based on CFD software - AnsysFluent The CFD simulations have been performed by
commercial fluid dynamic code AnsysFLUENT . The selection of the physical models has been based on a extensive validation
work dedicated to evaluate the performance of the different turbulence representations for simulating high velocity round jets
and combustion scheme for natural gas. The Wilcox model with shear flow correction resulted the most appropriate to simulate
the turbulent generation produced by strong velocity gradient in near jet zone. Different combustion models have been evaluate
with the goal: the Finite Rate/Eddy Dissipation (EDM) model with two steps reaction mechanism (Westbrook&Dryer kinetic), the
Eddy Dissipation Concept (EDC) model with advanced reduced mechanism s(i.e ARMs, Kee58, GRI2.11).Simulation results
confirms that EDM model represents the temperature field with accuracy comparable to the more complex and time consuming
Eddy Dissipation Concept [13] approaches. Therefore being the main goal, to have a tool able to reproduce the combustion
process of gaseous fuels with engineering accuracy, the Finite Rate/Eddy Dissipation (EDM) model with two steps reaction
mechanism (Westbrook&Dryer kinetic ) seems to be the best compromise between accuracy and CPU time. EDC with advanced
reduced mechanism, that are more CPU time consuming, are necessary: to directly calculate the NOx concentration in the flue
gases, to have a “generalised” reaction mechanics suitable for NG, COG, BFG and LPG.

Complete furnace model based on commercial available CFD software - AnsysFluent The physical and numerical model based for
single burner simulation have been extended to complete furnace (multiple burners). The main problems to overcome have
been: the large number of computational cells necessary to discretize the different geometry scale (burners .vs. furnace .vs.
stocks), - the modeling of moving steel stock (in present applications the billets). The multi physics 3D Computational Fluid
Dynamics (CFD) simulation of complete furnace coupling the reacting flow combustion models, conjugated heat transfer in the
stock and scale formation has been validate comparing experimental data obtained with dedicated measurement activities.
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GRAINCONT

Grain size control in steel by means of dispersed non-metallic inclusions

Type of Project Research Duration (months) 36
Total Budget 1676679 € Start Date 1/07/2006
EU Contribution 1006007 € End Date 30/06/2009

Project completed

This was a collaborative project involving Kungliga Tekniska Hogskolan, Helsinki University of Technology, Centre de Recherches
Métallurgiques, ArcelorMittal and ComdiCast AB. Stiftelsen for Industriell og Teknisk Forskning was also participating as
subcontractor. The project objectives were to create and improve fundamental knowledge of grain size control by means of
dispersoidic inoculants in the steel microstructure and to develop and establish a new addition technique applicable for steel
continuous casting.Thermodynamic studies and modelling of potential inoculants yielded results which could be utilised during
the progress of the project. Laboratory testing of inoculants systems and evaluation of the as-cast samples gave information
regarding the potential grain refining effects. Ingots for further processing were produced. Research regarding production of
inoculants alloys, both with exogenous particles and ferroalloys for in situ formation of inclusions (e.g. particles) in steel, was
carried out. Grain refining effect of produced inoculants alloys was tested. An injection technique for addition of inoculants alloys
powder directly in the continuous casting mould through a special submergedentry nozzle was developed and tested in pilot
plant scale. Grain refining effect on ascast material was evaluated and samples for further processing was also here produced. A
selection of the various steel samples produced in the project underwent hot and cold rolling simulation tests and the effects of
grain refining on microstructure and mechanical properties of final products were evaluated. Finally, the results were
summarised and an overall project evaluation was made.

Country Scientific person in charge
KUNGLIGA TEKNISKA HOGSKOLAN - THE ROYAL INSTITUTE OF SVERIGE Margareta ANDERSSON (Pr. Coord.)
TECHNOLOGY
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Thierry IUNG
COMDICAST AB SVERIGE Sven EKEROT
CENTRE DE RECHERCHES METALLURGIQUES ASBL BELGIQUE Paul NAVEAU
AALTO-KORKEAKOULUSAATIO (AALTO UNIVERSITY FOUNDATION FINLAND Lauri HOLAPPA
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MAGNETOHYDRO

Improvement to steel cleanness, castability and surface quality through the application of magneto-
hydrodynamics during pouring and solidification

Type of Project Research Duration (months) 42
Total Budget 1904900 € Start Date 1/07/2007
EU Contribution 1142940 € End Date 31/12/2010

Project completed

This collaborative project was coordinated by Tata Steel UK. It involved Gerdau-Sidenor 1+D, voestalpine Stahl Donawitz GmbH
(VASD), BFI, ArcelorMittal Research and Aalto University (TKK). The objective of this research was to improve steel cleanness,
including improvement of the size and distribution of inclusions in the cast product, and to improve its final properties. The
processing conditions and segregation were aimed at improving the use of conventional single mode and modern multimode
mould electromagnetic stirring for long and flat products. The characterisation of the data and cast industrial samples at Tata
Steel, Sidenor, VASD and ArcelorMittal using modified stirring, laboratory ductility investigations, offline and in-mould
measurements of meniscus velocity, temperature, flow and surface waves height have helped to optimise the casting conditions
for different casting formats. The improved steel cleanness, minimised powder entrapment and energy savings were achieved
using practical information on flow and inclusions, supported by numerical and physical modelling by BFI, ArcelorMittal, TKK and
Sidenor. The numerical models were validated with the practical information on inclusions and meniscus flow. The novel
application of EM forces to control the meniscus flow and flow in the SEN was also investigated. Laboratory-based feasibility
studies using the trial facilities at Forschungszentrum Dresden-Rossendorf (FZD), Germany, and the numerical and physical
modelling by BFI, TKK and ArcelorMittal Research have shown that the rotational frequency of the external stirrer changed the
flow within the SEN and in the mould. This has opened the way to assess the practical application of this technology on a larger
scale casting.

Country Scientific person in charge
TATA STEEL UK LIMITED UNITED KINGDOM  Shahid RIAZ (Pr. Coord.)
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Jean-Frangois DOMGIN
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA Gonzalo ALVAREZ DE TOLEDO
AALTO-KORKEAKOULUSAATIO (AALTO UNIVERSITY FOUNDATION  FINLAND Seppo LOUHENKILPI
VOESTALPINE STAHL DONAWITZ GmbH OESTERREICH Karin ROCKENSCHAUB
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Ralph STRIEDINGER

232



RFSR-CT-2007-00013

Info

State

Final Report

Final Abstract

Partners

Selected Publications

Summaries of RFCS Projects 2003-2014
TGS3 : Casting

NDTCASTING

Innovative non-contact, non-destructive sensors for automatic detection of surface and internal
defects in hot continuously cast products

Type of Project Research Duration (months) 42
Total Budget 1780199 € Start Date 1/07/2007
EU Contribution 1068120 € End Date 31/12/2010

Project completed

This was a cooperative project involving VDEh-Betriebsforschungsinstitut GmbH (BFI), Tata Steel RD & T Teesside Technology
Centre (formerly Corus), ArcelorMittal R & D Technological Centre — Centro Desarollo Tecnoldgico and Scuola Superiore
Sant’Anna (SSSA). The focus was to develop innovative non-contact, non-destructive sensors for automatic detection of surface
and internal defects in hot continuously cast products. BFI has developed a technique, based on the ultrasound pulse-echo
method. BFI’s technique uses non-contact EMATSs to both generate and receive ultrasonic signals. BFI has investigated the use of
the developed phased-array system for surface and sub-surface defects. The inspection system can find defects on steel
products, even if the surface is rough and contains oscillation marks and scale oxide. Tata Steel has carried out work to develop a
prototype Laser-EMAT system. This has been installed on the pilot caster at Tata Steel. Extensive trials have been carried out on
cold steel samples below the Curie temperature with good results but hot steel trials have been of limited success. The Laser-
EMAT device has been equipped by SSSA with complete software for data visualisation and analysis and BFI has also developed
the necessary tools for ultrasound data interpretation. ArcelorMittal worked in the extension of the application field of its CH
system. As a result, defects such as very thin and zigzag cracks can now be reliably detected. A system to check the quality during
and after scarfing was developed and integrated in the plant. A software tool for tracing slabs through the mill was developed,
allowing downstream evaluation of the defects.

Country Scientific person in charge
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Dietmar OBERHOFF (Pr. Coord.)
ARCELORMITTAL ESPANA SA ESPANA Luis Fernando SANCHO MENDEZ
SCUOLA SUPERIORE DI STUDI UNIVERSITARI E DI ITALIA Valentina COLLA
PERFEZIONAMENTO SANT'ANNA
TATA STEEL UK LIMITED UNITED KINGDOM Stuart R. HIGSON

BFI Activity Report 2009/2010. Page 33. Innovative non-contact, non-destructive sensors for automatic detection of surface and
internal defects in hot continuously cast products

BFI Activity Report 2011/2012, Page 113-114. Innovative non-contact, non-destructive sensors for automatic detection of surface
and internal defects in hot continuously cast products
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MASTERBILLET

Mastering billet casting through integration of innovative mould sensoring and on line billet surface
quality monitoring

Type of Project Research Duration (months) 36
Total Budget 1565787 € Start Date 1/07/2008
EU Contribution 939472 € End Date 30/06/2011

Project completed

Within the research, two sets of equipment were developed with innovative sensors to improve billet casting monitoring, one
based on mould steel level and powder layer thickness measurements and one on thermal field at mould top. For the first, CSM
together with CNR-IEIT cared the molten steel level sensor based on electromagnetic resonance phenomena. Mould walls, steel
surface and a properly designed metallic structure, form a closed electromagnetic cavity (electromagnetic waves sent by a
launcher). A receiver measures resonance, and the frequency response is compared with launchers. Lubricating powder and
nozzle permittivity/resistivity were measured. A mathematical model was developed to foresee sensor performance for a well-
defined configuration. A mock-up was made and tested under different operating conditions. Each component was made,
assembled and installed for testing on Ori Martin caster. Three campaigns were carried out and data logged. An easy-to-use data
format was developed to define operating practice rules. For the second, Fibre-Optical-Sensors (=FOS) technique was applied. BFI
developed hardware/software prototypes for monitoring steel level and mould thermal mapping. Installation positions at two
continuous casters were determined with Gerdau-Sidenor and Ori Martin. Plant tests were successfully performed highlighting
the effect on mould wall temperature of manual powder feeding and meniscus level oscillation. FOS handling was much easier
than multi-thermocouple installations. Continuous online information on gap lubrication and rim formation was reachable for the
first time in long product casting. The results achieved were encouraging. The work done is a sound basis for further
improvement of the presented technique and technology on wider as-cast formats.

Country Scientific person in charge
CENTRO SVILUPPO MATERIALI SPA ITALIA Franco MACCI (Pr. Coord.)
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA Inigo UNAMUNO
O.R.l. MARTIN - ACCIAIERIA E FERRIERA DI BRESCIA SpA ITALIA Uggero DE MIRANDA
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Torsten LAMP
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AcTuM

Active tundish metallurgy

Type of Project Research Duration (months) 42
Total Budget 2108929 € Start Date 1/07/2008
EU Contribution 1265358 € End Date 31/12/2011

Project completed

The Active Tundish Metallurgy project aimed at improved, better guaranteed steel cleanness by applying tailored tundish slag
with high capacity to efficiently absorb macro- and micro-inclusions from different steels. Thermodynamic calculations showed
that industrial partners’ slags used in their standard practice were either solid or have only limited capability to dissolve
inclusions from steel at tundich temperatures. Fundamental studies on factors influencing inclusion removal and inclusion
cleanliness in tundish as well as thermodynamic calculations showed that more basic slag would lead to a more effective tundish
slag having higher capacity to absorb inclusions compared to standard practice. Based on these results better slags and practices
were proposed for industrial trials. Experimental tests with the new proposed tundish powders showed improvement in steel
cleanness compared to standard practice. At Ovakolmatra due to good results with the usability of the new powder the old
tundish powder practice was abandoned, and a new basic powder was adopted into regular use. At Sidenor new tundish cover is
used for heats with special cleanness requirements, however length would be limited to 3 heats due to the excessive erosion of
isostatic refractory pieces and slag cover hardening. At DEW good results with the new suggested cover powders will be verified
in large scale production trail and based on these results their implementation to standard tundish practice will be evaluated. At
Tata Steel two new powders have been tested with good results, but no long-term proof of cleanness improvements has been
found and hence economic benefits cannot be shown.

Country Scientific person in charge
AALTO-KORKEAKOULUSAATIO (AALTO UNIVERSITY FOUNDATION  FINLAND Marko KEKKONEN (Pr. Coord.)
DEUTSCHE EDELSTAHLWERKE GMBH DEUTSCHLAND Hans-Peter JUNG
FUNDACION TECNALIA RESEARCH & INNOVATION ESPANA Ménica SERNA
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA Tamara RODRIGUEZ DURAN
OVAKO BAR OY AB FINLAND Kari VALIMAA
TATA STEEL UK LIMITED UNITED KINGDOM  William LAW
TECHNISCHE UNIVERSITAT BERGAKADEMIE FREIBERG DEUTSCHLAND Piotr R. SCHELLER

L. Holappa, M. Kekkonen, S. Louhenkilpi, P. Scheller, R. Hagemann, C. Schroder. Active Tundish Slag. Steel Research International.
Article first published online: 18 FEB 2013. DOI 10.1002/srin.201200209

R. Hagemann, L. Petzold, P.R. Scheller. Dissolution behaviour of oxides in synthetic and industrial slags. Challanges and Solutions
in Mineral Industry. Beitrdge zum 4. Freiberger - St. Petersburger Kolloquium junger Wissenschaftler (60.BHT), 2009, pp.251-257.

L. Holappa, M. Kekkonen, S. Louhenkilpi, P. Scheller, R. Hagemann and C. Schroder. Active Tundish Slag. Keynote-presentation at
the MOLTEN12, Ninth International Conference on Molten Slags, Fluxes and Salts. Beijing, China May 27-30, 2012.

M. Kekkonen, D. Leuverink, L. Holappa. Active tundish metallurgy. SCANMET IV, 4th International Conference on Process
Development in Iron and Steelmaking, June 10-13, 2012, Luled, Sweden. Vol. 1, pp. 407-416.
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DEFFREE

Integrated models for defect free casting

Type of Project Research Duration (months) 42
Total Budget 1874435 € Start Date 1/07/2008
EU Contribution 1124661 € End Date 31/12/2011

Project completed

The objective of the project was to develop a new modelling-based optimisation and quality control system for continuous
casting. The concept was based on studying critical parameters affecting steel quality and finding safety ranges for them to
ensure good quality in continuous casting. Several fundamental and semi-empirical models were developed in the project. The
critical features affecting steel quality were defined through mathematical modelling and industrial casting trials. Both good
quality casts and casts with some defects were simulated to find features which have an effect on steel quality. Cracking indices,
fluid flow parameters in the mould and segregation severity parameters are examples of critical parameters defined in the
project. Safety ranges inside which the critical parameters had to stay during casting were determined in steady-state casting
conditions. If a critical feature could not be adjusted on-line during casting, for example, surface velocity of liquid in the mould,
this feature was expressed as a function of casting parameter, e.g. casting speed, which can be controlled and modified during
casting. For optimising and controlling steel quality during casting the following online models were developed in the project:
transient 2D centreline segregation model, dynamic 3D heat transfer model and inverse mould heat flux difference model. These
models can be applied also to other casters for online simulation, once the caster has been set up and casting process data is
available.

Country Scientific person in charge
AALTO-KORKEAKOULUSAATIO (AALTO UNIVERSITY FOUNDATION  FINLAND Heli KYTONEN (Pr. Coord.)
COGNE ACCIAI SPECIALI SpA ITALIA Elena BALDUCCI
CENTRO SVILUPPO MATERIALI SPA ITALIA Michele DE SANTIS
ISD DUNAFERR DUNAI VASMU Zrt. HUNGARY Robert JOZSA
NLMK LA LOUVIERE S.A. BELGIQUE Guy MARTIN
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Sigurd RODL
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LSSEMIQUAL

Reduction in surface cracking in as-cast low sulphur and calcium treated steels

Type of Project Research Duration (months) 42
Total Budget 1417420 € Start Date 1/07/2008
EU Contribution 850452 € End Date 31/12/2011

Project completed

This collaborative project was co-ordinated by Tata Steel UK involving RIVA AcciaioSpA, ArcelorProfil Luxembourg S.A., BFl and
RWTH Aachen University. The objective of this proposal is to investigate why certain low and very low sulphur content and
calcium treated steels are more prone to longitudinal face, transverse face and corner and network type cracking in the as-cast
surface. Tata Steel, RIVA, ArcelorMittal and RWTH are involved in industrial and laboratory tests to investigate the effects of
sulphur on hot ductility, surface metallography and defect investigations. The statistical analysis of different casting conditions
and steel chemistries is also being considered to obtain a deeper understanding to the cracking phenomenon. BFl is involved in
the mathematical modelling and physical simulations to investigate dynamic behaviour at the meniscus. Thermodynamic and
Numerical modelling of inclusion formation and chemistry as well as thermomechanical and oscillation conditions of strand down
the caster were evaluated by different partners. The statistical analysis of the defect data for as-cast and rolled product and the
hot ductility testing near liquidus temperature down to below ?-ferrite temperature did not show an obvious relationship
between sulphur level in steel and surface defects. It is, however, noted that casting parameters such as long delay in ladle
furnace operation, high casting speed, high superheat etc. as well as level of C in the peritectic range and precipitation of AIN in
steel have some influence on crack formation with low level of S in steel.

Country Scientific person in charge
TATA STEEL UK LIMITED UNITED KINGDOM  Shahid RIAZ (Pr. Coord.)
ARCELORMITTAL BELVAL & DIFFERDANGE S.A. LUXEMBOURG Nicolas CAILLET
RIVA ACCIAIO SPA ITALIA Mauro NEGRO
RHEINISCH-WESTFALISCHE TECHNISCHE HOCHSCHULE AACHEN DEUTSCHLAND Dieter G. SENK
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Sigurd RODL
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TRANSIENT

Effect of transients on quality of continuously cast product

Type of Project Research Duration (months) 42
Total Budget 2277097 € Start Date 1/07/2009
EU Contribution 1366258 € End Date 31/12/2012

Project completed

"This is a collaborative project between Tata Steel (formerly Corus), Gerdau- Sidenor (formerly Sidenor), VDEh-BFI, Tecnalia
(formerly Labein), Riva, SSSA and ArcelorMittal Rurhort. The principal aim of this project has been to improve the understanding
of the causes and effects of transient conditions on surface and internal quality during the continuous casting of a range of grades
as slabs, blooms and billets. The transient conditions have included casting speed variations, flow rate changes, ladle changes,
flying tundish changes, start and end of casts, and grade changes. This has allowed new practices to be developed to eliminate or
reduce the quality problems associated with transient events and new rules for downgrading as-cast material following transient
events. Four innovative caster monitoring systems were developed in this project and used to gather process and quality data.
Several advanced models were developed using CFD, FEM and finite difference methods, as well as artificial neural networks;
these were used to understand more deeply the transient phenomena investigated and to develop countermeasures where
possible. Plant trials on five industrial casters covering a variety of formats and grades, led to the identification of nineteen
transient phenomena. These were investigated using data analysis, metallurgy and modelling. Where possible, countermeasures
were developed, trialled and refined, leading to improvements in operability and substantial improvements in product quality. A
guide sheet has been created to assist plants in tackling similar phenomena, and to identify areas for more in-depth research. The
exploitation and impact of the results have been discussed"

Country Scientific person in charge
TATA STEEL UK LIMITED UNITED KINGDOM  Gerard STEPHENS (Pr. Coord.)
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA Izaskun ALONSO
ARCELORMITTAL RUHRORT GMBH DEUTSCHLAND Dieter KIRSCH
RIVA ACCIAIO SPA ITALIA Marco PIANEZZOLA
SCUOLA SUPERIORE DI STUDI UNIVERSITARI E DI ITALIA Valentina COLLA
PERFEZIONAMENTO SANT'ANNA
FUNDACION TECNALIA RESEARCH & INNOVATION ESPANA Juan PALACIOS
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Torsten LAMP
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LUBRIMOULD

Identification of optimal mould lubrication conditions through an innovative hot and cold simulation
method

Type of Project Research Duration (months) 42
Total Budget 1905569 € Start Date 1/07/2009
EU Contribution 1143341 € End Date 31/12/2012

Project completed

The complex system consisting of a flux in a mould during steel continuous casting has been represented by a set of concepts and
modelling tools. The concepts concern some aspect that are not usually considered for the choice of a mould flux such as the
NBO/T index, whereas the modelling tools reproduce the occurring phenomena depending on process conditions and mould
powder characteristics. This allows for identifying the proper casting parameters and flux properties to be used for optimising
different steel casting. This set of tools has been verified on industrial fields. The results led to a decrease of the defects on
casting products without affecting productivity. The proposed method has a general applicability as demonstrated by the wide
range of steels and mould powders involved in the project

Country Scientific person in charge
COGNE ACCIAI SPECIALI SpA ITALIA Marco MASSAZZA (Pr. Coord.)
CENTRO SVILUPPO MATERIALI SPA ITALIA Umberto MARTINI
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA Inigo UNAMUNO
SWEREA KIMAB AB SVERIGE Carl-Ake DACKER
TATA STEEL UK LIMITED UNITED KINGDOM Bridget STEWART
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Roger KOITZSCH
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ICCRACK

Intercolumnar cracking and its relationship to chemistry and applied strain

Type of Project Research Duration (months) 42
Total Budget 2257364 € Start Date 1/07/2010
EU Contribution 1354418 € End Date 31/12/2013

Project completed, final report not published yet

The objective aims at the reduction of intercolumnar (IC) cracking in continuously cast semis through a programme of work to
establish the levels of strain (and strain rates) associated with intercolumnar cracks and to correlate these with the chemistry of
the steel being cast and the casting process parameters. Both routine and novel plant engineering monitoring will be used to
determine the levels of strain through the caster. A critical supportive aspect of the programme is a numerical simulation of
strain at the solid-liquid interface. The work is planned for slab, bloom and billet in carbon and stainless steel grades.

Country Scientific person in charge
TATA STEEL UK LIMITED UNITED KINGDOM  Gerard STEPHENS (Pr. Coord.)
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Nicolas TRIOLET
COGNE ACCIAI SPECIALI SpA ITALIA Marco MASSAZZA
CENTRO SVILUPPO MATERIALI SPA ITALIA Andrea DE VITO
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA Gonzalo ALVAREZ DE TOLEDO
LUCCHINI S.p.A. ITALIA Marco BIANCHI
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Carsten TSCHEUSCHNER
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DIRECT DEFECT TOOLBOX-DDT

Development of a toolbox for direct defect prediction and reduction through the characterisation of
the meniscus-slag bed behaviour and initial shell solidification in CC

Type of Project Research Duration (months) 42
Total Budget 2481352 € Start Date 1/07/2011
EU Contribution 1488811 € End Date 31/12/2014

Running project

This project seeks to directly determine the transient occurrence of defects and process problems during slab casting. Direct-
defect prediction is possible through numerous plant-trials and liquid-metal experiments to characterise the heat-transfer and
dynamic behaviour of the slag-bed and meniscus (particularly, at the meniscus corner where initial solidification occurs).
Microstructural evolution including the formation of defects (cracks) will be observed through novel “in-situ experiments” and
steel properties are addressed through high-temperature measurements. Expertise acquired will be used to develop numerical
models that predict metalslag-argon flows, heat-transfer, mould-oscillation, solidification, stress-strain, shell microstructural
evolution and the explicit formation of defects. This will provide the steelmakers with a new set of tools to improve the casting
practice.

Country Scientific person in charge
SWEREA MEFOS AB SVERIGE Thomas JONSSON (Pr. Coord.)
SWEREA KIMAB AB SVERIGE Carl-Ake DACKER
SSAB TUNNPLAT AB SVERIGE Patrik WIKSTROM
TATA STEEL NEDERLAND TECHNOLOGY B.V. NEDERLAND D. VAN DER PLAS
THE UNIVERSITY OF MANCHESTER UNITED KINGDOM Peter LEE
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IPTINGOT

Innovative process technology for ingot casting by application of simulation and measuring
techniques

Type of Project Research Duration (months) 42
Total Budget 2049802 € Start Date 1/07/2011
EU Contribution 1229880 € End Date 31/12/2014

Running project

Systematic research for ingot casting has been strongly neglected in Europe during the last decade irrespective the fact that
about 8 % of the world steel tonnage are still produced the ingot casting route. Moreover special steel products and their
necessary steel grades, as for example tool steel, can only be produced by ingot casting in larger volumes. New technologies for
CO2 reduction and resource savings demands the development of new special steel products where especially customer
demands on clean steel quality of the ingot production is very high and further increasing. The proposal is addressing this by a
through process optimisation with new simulation techniques, measuring and process technology concerning mould filling,
solidification and application of mould powders.

Country Scientific person in charge
SWEREA KIMAB AB SVERIGE Carl-Ake DACKER (Pr. Coord.)
BUDERUS EDELSTAHL GMBH DEUTSCHLAND Martin SEEMANN
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA José Manuel LLANOS RUIZ
PROSIMET SPA ITALIA Marco ALLONI
UDDEHOLM TOOLING AB SVERIGE Ewa SJOQVIST PERSSON
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Roger KOITZSCH
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KINPCC

Kinetics of precipitation during continuous casting of plate steels

Type of Project Research Duration (months) 36
Total Budget 928289 € Start Date 1/07/2011
EU Contribution 556973 € End Date 30/06/2014

Running project

The objective of the proposal is to establish methods for the prediction of precipitation during continuous casting of microalloyed
plate steels. As surface cracks are induced by precipitate particles, this is a precondition for understanding the causes of cracking
and thus for the minimization of such defects. A quantitative description of the effect of strains and stresses on precipitation is
needed and will be developed. Laboratory investigations will be performed and thier results translated into mathematical
approaches using the MatCalc tool. This will be complementedby industrial studies on continuously cast slab material of
representative microalloyed plate steels.

Country Scientific person in charge
AKTIEN-GESELLSCHAFT DER DILLINGER HUTTENWERKE AG DEUTSCHLAND Helmut LACHMUND (Pr. Coord.)
POLITECNICO DI MILANO ITALIA Carlo MAPELLI
TECHNISCHE UNIVERSITAET WIEN OESTERREICH Ernst KOZESCHNIK
VOESTALPINE STAHL GMBH OESTERREICH Guangmin XIA

T. Wojcik et al., Shell-wise growth of (Nb,Ti)(C,N) precipitates during cyclic cooling of micro-alloyed steel, EUROMAT2013

MatCalc A thermodynamic simulation for precipitation kinetics in steel. Development started in 1993 and the software was
enhanced to adress the specific problems in the project. http://matcalc.tuwien.ac.at/
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FOMTM
Application of fibre optical thermal monitoring at CC-billet mould for improved productguality

Type of Project Pilot& Demonstration Duration (months) 42
Total Budget 855824 € Start Date 1/07/2012
EU Contribution 427912 € End Date 31/12/2015

Running project

Aim is to develop and operate a better control of initial solidification at meniscus level to enhance surface quality of as-cast
products. An innovative sensor system based on fibre optical mould temperature sensors will be used which was initially
developed in the previous RFCS research project MasterBillet. This system will be further developed to identify irregular casting
conditions with particular reference to mould powder feeding, slag rim formation and irregularities in initial solidification. The
developed system will be put into practice at a billet mould and corrective actions to assurance a better quality of as cast product
will be validated.

Country Scientific person in charge
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Torsten LAMP (Pr. Coord.)
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA Inigo UNAMUNO

DE 102009060548.7
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PMAP

Influence of composition and continuous casting parameters on the precipitation of microalloyed
particles of B microalloyed steel grades and Mn alloyed steel grades

Type of Project Research Duration (months) 42
Total Budget 1220551 € Start Date 1/07/2012
EU Contribution 732331 € End Date 31/12/2015

Running project

The overall objective of the PMAP project is to reduce the rejection and the requirements for surface repair due to cracking
defects of the continuously cast semis by optimization of microalloying steel composition and related casting parameters. This
objective will be accomplished by the extension of the knowledge on precipitation of B, Nb, V (C,N) in the CC process and its
effects on as-cast surface and internal crack sensitivity. It will focus on interaction among those precipitates with MnS inclusions
during solidification and cooling and on their influence on austenite decomposition temperature and kinetics for high Mn steels
grades, including microalloyed TRIP steel chemistries. Combined influence of those parameters with thermo-mechanical billet
history will be considered studying the strain induced precipitation during bending and straightening CC operations. The Boron
segregation during solidification and the B effects on austenite/ferrite transformation low ductility zone will be studied in
combination with precipitation of MnS and other microalloying elements, where Mn content varies from 0.6 to 30 wt.-%. The
approach to the project is threefold: industrial tests, laboratory and pilot plant experimental work, and numerical modelling.
Mathematical/thermodynamic modelling is to be extended and applied on prediction and improvement of experimental and
industrial routes. The dissolution technique together with electron microscopy will be used to evaluate precipitation on industrial
samples and to simulate the industrial process in the lab.

Country Scientific person in charge
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA Gonzalo ALVAREZ DE TOLEDO (Pr.
Coord.)
SWEREA KIMAB AB SVERIGE Jacek KOMENDA
RHEINISCH-WESTFALISCHE TECHNISCHE HOCHSCHULE AACHEN DEUTSCHLAND Dieter G. SENK
TATA STEEL UK LIMITED UNITED KINGDOM  Shahid RIAZ
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INNOSOLID

Investigation of innovative methods for solidification control of liquid steel in the mould

Type of Project Research Duration (months) 42
Total Budget 1293873 € Start Date 1/07/2012
EU Contribution 776324 € End Date 31/12/2015

Running project

The objective aims at controlling the heat transfer in the mould in order to improve product quality and process stability with
special regard to the meniscus and the mould corners. The work will include the modification of the primary cooling as well as
the modification of the cooper surface geometry. Based on pilot plant trials, physical and numerical modelling operational
measures will be derived and tested in operational trials. An additional outcome of the numerical modelling will be an online-
model for the primary cooling control.

Country Scientific person in charge
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Carsten TSCHEUSCHNER (Pr. Coord.)
SALZGITTER FLACHSTAHL GmbH DEUTSCHLAND Peter MULLER
TATA STEEL UK LIMITED UNITED KINGDOM  Shahid RIAZ
VOESTALPINE STAHL GMBH OESTERREICH Guangmin XIA
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NDTSLAB

Innovative non-contact, non-destructive prototype system for automatic detection of surface and
subsurface defects in slabs

Type of Project Pilot&Demonstration Duration (months) 42
Total Budget 1318580 € Start Date 1/07/2013
EU Contribution 659289 € End Date 31/12/2016

Running project

The quality of slabs is the basis of good quality for all other steel products in the downstream production process. The automatic
on-line detection and logging of surface and subsurface defects e.g. for the controlling and optimization of the scarfing process
and for use during continuous casting is an important improvement for steel production. A prototype test system based on EMAT
(Electro Magnetic Acoustic Transducer) and Phased-Array-technology will be developed to detect these defects. Nevertheless
there is no commercial systems available. It is highly desirable that sensors and instruments used in this environment are non-
contact, capable to work at high temperatures and to function reliably for an extended period of time in a harsh industrial
environment. To date, the EMAT technique is designed for steel with a surface temperature below 760°C - the Curie point. This
inspection system uses surface waves (Rayleigh waves). The RFCS project NDTCASTING of BFI, TATA and ArcelorMittal have
shown the possibility of the EMAT system on hot surfaces with oscillation marks and scale. The carried project showed that
sensitive flaw detection under these difficult conditions is possible - defects with a length less than 10% of the chosen
wavelength (A = 14 mm) can be repeatedly detected. The project deliverables will lead to the following industrial benefits:
improved productivity, improved product quality, saving of energy, material, work time and reduced production costs. The final
goal of the project is a conceptual design and specification of an automatic inspection system useable under industrial conditions.
The on-line inspection of cast products is of very high interest to the steel industry and also for the project industrial partners
Salzgitter AG and VOEST Alpine. The developed systems could also be made commercially available. If the project will be
successful the integration of this technology in many European steel-plants will be probable.

Country Scientific person in charge
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Dietmar OBERHOFF (Pr. Coord.)
SALZGITTER FLACHSTAHL GmbH DEUTSCHLAND Peter MULLER

TATA STEEL RESEARCH & TECHNOLOGY - TEESSIDE TECHNOLOGY UNITED KINGDOM Oliver MILLING
CENTRE

VOESTALPINE STAHL GMBH OESTERREICH Rudolf CIHAL
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GRAMAT

Research on innovative corrosion resistant gradient tubes for biomass power generation installations

Type of Project Research Duration (months) 48
Total Budget 2341852 € Start Date 1/07/2013
EU Contribution 1405111 € End Date 30/06/2017

Running project

SSharp increase of energy production based on renewable resources (co)firing is forcing boiler makers to apply expensive high-
alloyed materials/claddings/barriers resistant to aggressive corrosion atmospheres into places where applied pressure and
temperature would enable use of low-alloyed materials. The projects main aim is to acquire knowledge necessary to develop
new cost-effective manufacturing technology of boiler tubes made from semiproducts with through thickness gradient chemical
composition, tailored to carry both creep loading (low alloyed body) and fireside corrosion (high alloyed shell). Gradient tubes
will be rolled in existing facilities from semiproduct manufactured by unique casting technique To accomplish this, basic
knowledge about gradient material behaviour during casting (metallurgy), rolling (forming) and final properties (operation) has to
be investigated and collected. Project is inderdisciplinar, combining activities which fall under technical group TG3 (focused on
casting) and TG4 (focused on rolling). As stated in particular annexes, we consider the research on manufacturing of gradient
semiproduct (casting) the key issue of present project. For this reason we allocated it under TG3.

Country Scientific person in charge
VYSKUMNY USTAV ZVARACSKY - PRIEMYSELNY INSITUT SR SLOVAKIA Anna HAMBALKOVA (Pr. Coord.)
BENTELER TUBE MANAGEMENT GMBH DEUTSCHLAND Thomas VIETORIS
COMTES FHT a.s. CZECH REPUBLIC Filip TIKAL
FOSTER WHEELER ENERGIA OY FINLAND Arto HOTTA
ZELEZIARNE PODBREZOVA AS SLOVAKIA Martin DOMOVEC
TEKNOLOGIAN TUTKIMUSKESKUS VTT*TECHNIC. RESEARCH FINLAND Eva HAKKA-RONNHOLM
CENTRE OF FINLAND
ZDAS a.s. CZECH REPUBLIC Ludvik MARTINEK
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TICLOGG

Investigation of the effect of Ti on clogging of feeding systems and its prevention for continuous slab
casting

Type of Project Research Duration (months) 42
Total Budget 1675591 € Start Date 1/07/2014
EU Contribution 1005353 € End Date 31/12/2017

Running project

Ti-stabilised steels ULC steels are important due to their positive properties, but they are also problematic with regard to clogging
occurrence. The mechanisms of inclusion formation, behaviour and deposition are not yet understood in detail although
investigations were performed on European and International level. Against this background the main objectives of this proposal
are achieving a better understanding of the mechanisms contributing to clogging as well as the exploitation of this enhanced
knowledge focused on process and constructive measures leading to reduction/ prevention of clogging. Different methods will be
applied: laboratory and plant trials, numerical computations and clogging simulator trials. The derived interaction between the
different work packages is a promising concept for exchange of knowledge and results, e.g. the laboratory trials will provide
information concerning clogging occurrence and clogging rate under realistic and reproducible conditions as well as wetting
behaviour. This information will be an outstanding basis for the adjustment and verification of the mathematical/numerical
models which will be applied on microscopic (focusing on the SEN) as well as macroscopic (including tundish outlet, feeding
system, SEN and mould) scale. The numerical work is aiming at an improved and more realistic approach for investigation of the
clogging phenomenon. As outcome of the proposed work an improved understanding of the mechanisms contributing to clogging
phenomenon is expected. Adjusted concepts for operational praxis as well as constructive measures aiming at a further
improvement of product quality and yield will be elaborated leading to concrete recommendations/guidelines for operational
practices. Therefore the outcome of this research should provide a step beyond the state-of-the-art. It is expected to lead to
production of steel with improved quality and an increased yield resulting from a lower risk of SEN clogging.

Country Scientific person in charge
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Carsten TSCHEUSCHNER (Pr. Coord.)
COMDICAST AB SVERIGE Sven EKEROT
MONTANUNIVERSITAT LEOBEN OESTERREICH Menghuai WU
SALZGITTER FLACHSTAHL GmbH DEUTSCHLAND Markus SCHAPERKOTTER
VOESTALPINE STAHL GMBH OESTERREICH Guangmin XIA
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Technical Group Steel 4

Hot and cold rolling processes

The scope of TGS4 includes:

e Reheating furnaces

e Hot and cold rolling

e Thermal treatments

e Standardisation of testing and evaluation methods

e Maintenance and reliability of production lines

e Reduction of emissions, energy consumption and improvement of the environmental impact

¢ Instrumentation, modelling and control of processes
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PACROLP

The prediction and avoidance of cracking in long product hot rolling

Type of Project Research Duration (months) 46
Total Budget 1835773 € Start Date 1/09/2003
EU Contribution 1101464 € End Date 30/06/2007

Project completed

There is a need for EU steel producers to gain a scientific understanding across the board of the damage mechanisms inducing
ductility break-ups at both the surface and sub-surface of deforming stock during hot rolling, for a range of free machining (FCS)
and heat treatable (HT) steels. These steels, especially as-cast FCS steels, have inherent low ductility, which is conducive to corner
cracking. The main objective of this multi-partner project was to develop a physical understanding of the causes and mechanisms
of crack initiation and growth at high temperature and the relatively high strain rate during rolling of low ductility steel long
products. This objective was achieved using a combination of innovative laboratory mechanical and pilot rolling tests, material
constitutive modelling, microstructural characterisation, and online defect assessment and detection methods. Key beneficial or
detrimental microstructural and geometrical parameters have been identified covering 'hook type' oscillation marks, cortical
zone, mean local area fraction of MnS, Mn/S ratio, cohesive strength of inclusion/matrix, matrix hardening rate, initial
solidification structure and surface state (oxidation/embrittlement). The project outcome concluded on the relevance of large
and/or closely spaced MnS inclusions at early stages of void nucleation while small particles (including clustering) will mainly
control the fracture event. Likewise, the influence of process parameters, such as reheating time, temperature-strain rate and
tensile triaxiality-strain relationships, amongst other a-dimensional parameters, have been identified and accounted for in a
range of material models. The project concludes with practical rolling recommendations and innovative concepts for future work.

Country Scientific person in charge
TATA STEEL UK LIMITED UNITED KINGDOM  Didier FARRUGIA (Pr. Coord.)
ASCOMETAL S.A.S. FRANCE Joélle DEMURGER
ASOCIACION CENTRO DE ESTUDIOS E INVESTIGACIONES TECNICAS ~ ESPANA José Maria RODRIGUEZ IBABE
CENTRO SVILUPPO MATERIALI SPA ITALIA Juan Hector BIANCHI
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA José Manuel LLANOS RUIZ
SWEREA MEFOS AB SVERIGE Jan-Olov PERA
OVAKO BAR OY AB FINLAND Martti VEISTARO

Farrugia D.C.J, “Investigation into Mechanisms of High Temperature Damage in Free cutting Steels, SMEA Conference, June 2008

Foster A. D., Lin J.*, Farrugia D.C.J, Dean T.A., “An Investigation into Damage Nucleation and Growth for a Free-Cutting Steel at
Hot Rolling Conditions”, J. of Strain Analysis. Vol 42, 2007, pp. 227-235. ISSN 009-3247. DOI: 10.1243/03093247JSA230.

LiuY., Foster A. D., Lin J., Farrugia D., T. A. Dean. “On micro-damage in hot metal working Part 1: Experimental investigation”, J. of
Engineering Transactions. 54(4), 2006, pp. 271-287, ISSN 0867-888X.

J. Lin, A. D. Foster, Y. Liu, D.C.J. Farrugia and T. A. Dean, “On micro-damage in hot metal working Part 2: Constitutive modelling”,
J. of Engineering Transactions. 55(1), 2007, pp. 1-18. ISSN: 0867-888X

Foster A. D., Lin J., Farrugia D.C.J, Dean T.A, “Modelling material flow characteristics over multiple recrystallisation cycles,
Proceedings of the 10th ESAFORM conference on Material Forming, Zaragoza (Spain), 2007, pp. 59-63, ISBN: 978-0-7354-0414-4
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Improvement of strip guiding and related effects in cold rolling of high strength steel grades

Type of Project Research Duration (months) 42
Total Budget 1088545 € Start Date 1/09/2003
EU Contribution 653127 € End Date 28/02/2007

Project completed

The work of BFI and EKO has focused on the investigation of flatness degrading effects, i.e. irregular wear and unwanted roll
movement during rolling at the first stand of EKO's tandem cold mill. Different models have been developed by BFI to describe
the behaviour of rolling stand 1. A universal tool has been created that can be used not only for static contact analysis but also for
dynamic modal analysis for all possible rolling parameters. A first measurement campaign has been carried out by EKO and has
concluded that the measured roll-position changes lie in an acceptable range, and no unwanted roll movements exist at the neck
area. Subsequently two vibration measurement campaigns with a sum-rate of about 100 kHz revealed an 'unusual' behaviour in
form of a measured splitting of the acceleration signals, which may be an indication of self-excited vibrations and 'slipping effects
between the work roll and the backup roll. Different root causes of this phenomenon have been pointed out, and measures
recommended to reduce the examined wear effect. Arcelor Research and EKO focused on strip guiding in stand 1. The first step
was a benchmark within the Arcelor cold rolling mill to see how strip off-centre (SOC) can be characterised. The next step was
modelling. Three approaches were developed: turning moment-based, pseudo static-based and physical equations resolution-
based. Pilot mill and industrial trials were performed to evaluate sensitivities and validate models. Finally, some
recommendations to decrease strip off-centre were suggested. — Increasing strip tension reduces SOC generation. — Slowing
down the strip reduces SOC generation. — Limiting the first stand reduction does not have any effect on SOC (when the EMG
controller is on). — Use of the tension differential measurement can also be interesting as it is a good image of SOC. After
calibration, this SOC estimation could be used by the operator to detect SOC variation. Furthermore, this rough estimation has
the advantage of being almost zero cost. It could also be used for a stand tilting controller, for example in a slow feedback Pl as
shown by simulations.

'

Country Scientific person in charge
ARCELORMITTAL MAIZIERES RESEARCH S.A. FRANCE Patrick SZCZEPANSKI (Pr. Coord.)
ARCELORMITTAL EISENHUTTENSTADT GmbH DEUTSCHLAND Hagen KOTHE
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Mohieddine JELALI

254



RFSR-CT-2003-00012

Info

State

Final Report

Final Abstract

Partners

Summaries of RFCS Projects 2003-2014
TGS4 : Hot and cold rolling processes

TESTRA

Temperature and straigthness at straigthening of sections and rails

Type of Project Research Duration (months)
Total Budget 1111618 € Start Date
EU Contribution 666970 € End Date

Project completed

42
1/09/2003
28/02/2007

Straightening at higher temperatures is of great industrial interest due to the bottle neck function of the cooling bed. By solving
the problems encountered during hot straightening, the production performance can be increased significantly. The curvature

change during cooling after straightening is the main issue that has to be faced.

Country
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND
PEINER TRAGER GmbH DEUTSCHLAND
UNIVERSIDAD DE LA RIOJA ESPANA
VOESTALPINE SCHIENEN GmbH OESTERREICH
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Frank GORGELS (Pr. Coord.)
Arved HAASLER

Joaquin ORDIERES MERE
Birgit EISENKOLB
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SHAPEHPM

Reduction of shape defects & yield losses by advanced online-adaptation of control systems & new
operating strategies in heavy plate rolling mills

Type of Project Research Duration (months) 48
Total Budget 1428517 € Start Date 1/09/2003
EU Contribution 857110 € End Date 31/08/2007

Project completed

The aim of the project was the reduction of shape defects and yield losses in heavy plate rolling by providing new operating
strategies, ski-end control and optimised set-up adaptation for ski and control for camber/thickness profile. This approach
encompasses the application of the new topometrical measurement system TopPlan® to collect data on plan view shape and ski,
advanced FE modelling and rules to predict shape defects and the development and use of advanced online models for ski
control. To compensate for the deficits of conventional models and control methods, iterative learning control was developed for
a pass-to-pass set-up adaptation of ski control and of camber control that takes into account the cross-thickness profile. The
concept has been optimised by runs of a real time HPM simulator built up by online models to predict shape and ski. The
developments have been based on the following. ¢ Comprehensive data acquisition campaigns under typical operational
conditions on a plate mill inclusive of online flatness measurements. e Pilot mill trials to investigate the influence of the shape
factor on the ski-end formation applying a transportable ski-measurement system based on image processing. ¢ Advanced finite
element (FE) models of plate rolling roughing stand. ¢ A simplified empirical model describing incremental plan view shape (PVS)
evolution on a pass-by-pass basis and application at plate mills. e A ski-form model based on gram decomposition and its
application for ski control.

Country Scientific person in charge
VDEh-BETRIEBSFORSCHUNGSINSTITUT GmbH DEUTSCHLAND Ulrich MULLER (Pr. Coord.)
SWEREA MEFOS AB SVERIGE Annika NILSSON
RAUTARUUKKI OYJ FINLAND Agne BOGDANOFF
TATA STEEL UK LIMITED UNITED KINGDOM Andrew RICHARDSON
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TGS4 : Hot and cold rolling processes

IMPROSOUND

Improvement of central soundness in long products from a through process control of solidification
and reheating and rolling parameters

Type of Project Research Duration (months) 36
Total Budget 1279958 € Start Date 1/07/2004
EU Contribution 767975 € End Date 30/06/2007

Project completed

This project aims at improving central soundness in rolled long products and thus at increasing significantly the current range of
rolled sizes in one heat. Solidification and rolling have been treated as an integrated process. A large number of process
parameters have been considered in order to assess their impact on pore closure. The work carried out using coupled
experimental and industrial tests as well as numerical simulation has permitted the ranking of those effects and consideration of
all of them from a through process point of view, establishing which one (or group) is the most efficient and why. Concerning the
solidification process, lower filling velocity and steeper mould taper favour central porosity reduction during ingot casting. For
continuous casting, S-EMS results in an even distribution of small pores in the centre but larger total pore volume. The
combination of S-EMS and F-EMS gives small pores concentrated in the centre. Additional application of mechanical soft
reduction has been proved to reduce central porosity in terms of size and number of pores. The results of thermal soft reduction
are conditioned to the hard cooling segment position. The required elongation for pore closure during rolling depends on pore
distribution of the stock. An even distribution of small pores in the centre region is preferable to large pores in the metallurgical
centre with smaller total fraction of pores. Rolling with larger roll diameter and smaller roll gap, minimising turns between
passes, applying a larger reduction in the first passes and reheating and transport strategies to provoke a specific transversal
thermal gradient have been shown to promote central soundness.

Country Scientific person in charge
GERDAU INVESTIGACION Y DESARROLLO EUROPA S.A. ESPANA José Manuel LLANOS RUIZ (Pr. Coord.)
ASCOMETAL S.A.S. FRANCE Joélle DEMURGER
CENTRO SVILUPPO MATERIALI SPA ITALIA Michele DE SANTIS
SW