Contents

Acknowledgement

Contents

List of symbols

List of subscripts

List of elements and molecules
List of acronyms

List of figures

List of tables

1 Introduction

1.1 CO; capture from cement plants . . . . . ... ..
1.2 Motivation and objectives . . . . . ... ... ...

1.3 Previously published results . . ... .. ... ..

2 State of the art

2.1 Cement clinker manufacturing process . . . .. .
2.2 Carbon capture and storage technologies . . . . .
2.3 Calcium looping CO; capture . . . .. ... ...

23.1 Development of calcium looping CO; capture . . . . . ... .. ..

23.2  The calcium looping CO; capture process

233 Carbonationreaction . . . . ... .. ...
234 Calcinationreaction . ... ... .. ...
235 Sorbentactivity . . . ... ... ... ...

Bibliografische Informationen

https:

d-nb.info/1266110496

xi

W N = e

O 0 & WG

digitalisiert durch 1


https://d-nb.info/1266110496

xii

Contents

5

2.4 Reactordesign . . ... ...... ... . ...
241 Carbonator design, active space time approach . . . .. ... ...

242  Calciner design, active space time approach . . . . ... ... ...

Calcium looping CO; capture for clinker manufacturing
3.1 Back-end calcium looping option using fluidised bed reactors . . . . . . ..

3.2 Integrated calcium looping option using entrained flow reactors . . . . . .

Methodology
4.1 Sorbent characterisation and sorbent screening . . . .. .. ... ... ..
4.2 Fluidised bed calcium looping COz capture . . . . . ... .. ... .....
4.2.1  Fluidised bed pilot facility (MAGNUS) . . ... ... ........
4.2.2  Analysis of sorbent samples collected within the fluidised bed cal-
cium looping experiments . . . . ... ... ... ...,
4.3 Entrained flow calcium looping CO; capture . . . .. .. ... ... ....
43.1 Entrained flow reactor (DIVA) . . . . . .. .. .. .. ... .....
43.2  Conduction of entrained flow calcination experiments . . . . . ..
433  Analysis of sorbent samples collected within the entrained flow ex-

periments . . . .. ... ... ...

Results - sorbent screening

51 Limestone . . ... .. ... .. ... ...
52 Rawmeal . . . ... ... ...
53 Rawmealcomponents . ... .................... ... ..

5.4 Conclusion onsorbent screening . . . . . . ... ... ... ... L

Results - fluidised bed calcium looping

6.1 Carbon mass balance of conducted experiments . . . . .. ... ... ...

6.2 Pilotplantoperation. . . .. ... . ... ...

6.3 Hydrodynamic operation . . . .. .. ... ... ... ... ...

6.4 Carbonator CO; capture performance . . . . .. . ..............
6.4.1 Looping ratio and active looping ratio . . . ... ... .......
6.4.2 Carbonator temperatureprofile . . . . .. ... . ..........
6.43 Influence of carbonation temperature . . . . . ... ... ... ...
6.44 Sorbent CO; carrying capacity . . .. ................

6.4.5 Influence of flue gas CO; concentration . ... ... ........



Contents xiii

6.4.6  Carbonator active space time approach . . .. ......... .. 89

6.5 Calcineroperation. . . .. .. ... ...... ... ..., 92
6.5.1 Calciner temperatureprofile . . . . ... ............... 92

652 Oxy-fueloperation . . . ........................ 94

6.53  Calciner active space time approach . . .. ............. 95

6.6 Calciner flue gas composition . . .. ..................... 9
6.6.1 COzemissions . . . . . .. .. .. vt 100

6.6.2 ExcessO;andCOemissions . . . . ... ............... 101

663 SOzemissions . .. ........................... 102

6.6.4 NO,emissions . . .. ... .. ... ... . uiiuieneni... 105

6.7 Conclusion on fluidised bed calcium looping CO, capture . . . . . ... .. 106
7 Results - entrained flow calcium looping 109
7.1 Calcination and recarbonationdegree . . . .. ... ............. 109

7.2 Influence of fuel combustion on the calcination and recarbonation perfor-

7.3 Influence of CO, partial pressure and carbonation temperature on raw meal

recatbonmation . . ... ... ... .. ... ... 118

7.4 Determination of kinetic parameters for raw meal carbonation . . . . . . . 120

7.5 Conclusion on entrained flow calcium looping CO; capture . . . . . . . .. 122

8 Summary and conclusions 125
A Solid materials 129
A1 Coal utilised within the fluidised bed experiments . . . . . ... ... ... 129
A2 Utilised sorbents - limestones and marlstones . . .. ............ 130

B Calcium looping cement plant integration 137
B.1 Back-end calcium looping option using entrained flow reactors . . . . . . . 137
B.2 Integrated calcium looping option using fluidised bed reactors . . . . . .. 139
B.3 Hybrid entrained flow fluidised bed calcium looping option . . . . . . ... 140

Bibliography 143



