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Explanation: This supplementary Material Contains the most important boundary conditions for the
operating points under consideration. Chapter S1 contains the boundary conditions for the 1 MW

pilot plant, Chapter S2 for the cold flow model.




Supplementary Material S1 — Boundary Conditions of Operating periods from 1 MW Pilot Plant under Consideration
The boundary conditions for each steady-state operating period under consideration are listed in Table S1 (K1), Table S2 (K2), and Table S3 (K3).

Table S1. Operating conditions for steady-state operating periods under investigation in K1 with corresponding solid samples. K1-BPX (steady-state operating period).

Variable Description BP1 BP2 BP3 BP4 BP5 BP6 BP7 Unit
T Feedstock Mass flow of biomass pellets to FR 156.1 167.5 163.4 1754 190.3 191.5 223.2 kg/h
M Make-Up Mass flow of OC to LS1 34.7 88.4 68.2 56.6 0 419 0 kg/h

Tar AR max. temperature 898.6 885.2 879.3 884.8 843.6 877.2 958.6 °C
Ter FR max. temperature 8122 820.9 821.7 821.9 756.7 7729 858.9 °C
Apar AR pressure drop (inventory) 215 329 444 39.5 29 328 417 mbar
PARCyclone Pressure downstream of AR cyclone -3.1 3.1 -3.1 -3.1 -3.1 -3.1 -1 mbar
ApFR FR pressure drop (inventory) 37.5 459 49.5 50.3 65.1 65.8 70.6 mbar
PR Cyclone Pressure downstream of FR cyclone 5.5 5.4 5.5 5.6 51 52 7.4 mbar
MEMER Mass flow of FR fluidization (H,O) 304.8 306 301.6 297.2 249.8 253.7 237.7 kg/h
MEMAR Mass flow of AR fluidization* 953.7 952.3 952.1 953.9 932.5 921.7 1004.8 kg/h
MC3H8 AR Mass flow of propane entering AR 16.6 18.3 19.4 19.4 194 19.4 8.6 kg/h
MeMs1 Vol. flow of LS1 fluidization 192(Nz) 193 (Nz)  192(Ny) 194 (N2)  20.5(Ny) 22 (Ny) 16 (N2)  Nm%h
Ty Lss Vol. flow of LS5 fluidization 267(N;)  292(N;)  299(N;) 308(N)) 304N,  31(N,)  20.6(CO;) Nm¥h
TEM J-Valve Vol. flow of J-Valve fluidization 134(Ny) 157(Nz)  168(Nz) 169 (N2) 183 (Ny) 181(CO;) 184 (N) Nm¥h
Solid Name of Solid Sample from LS1 & / / / /I /I 1 1 -
Samples LS5 /I 1 1l 1 % I 1 -
dpm Average particle diameter of OC // 1/ // Il 1/ / /! pm
or Particle density of OC // // // /! // // // kg/m?
AXs Change in Xs for OC samples /I I /I i I I I -

* AR fluidization medium: pure air or mixture of air & recycled flue gas
// No solid samples available




Cont’d: Table S1. Operating conditions for steady-state operating periods under investigation in K1 with corresponding solid samples. K1-BPX (steady-state operating period).

Variable Description BP8 BP9 BP10 BP11 BP12 BP13 BP14 BP15 Unit
T Feedstock Mass flow of biomass pellets to FR 222.8 223.6 226.4 220.8 231.8 226.4 235 229.1 kg/h
T Make-Up Mass flow of OC to LS1 0 33.2 35.3 24.9 46.1 53.8 0 50.9 kg/h

Tar AR max. temperature 957.9 963.1 974.5 992.6 943.3 948 919.8 911.6 °C
Ter FR max. temperature 858.7 869 8923 908.7 864.6 881.4 839.5 833.6 °C
Apar AR pressure drop (inventory) 378 45 52 48.7 47.3 39.8 55.4 53.7 mbar
PARCyclone Pressure downstream of AR cyclone -1 -1 -1 -1 -1.1 -1.1 -0.9 -0.9 mbar
ApFR FR pressure drop (inventory) 69.6 61.4 68 66.4 70.6 69.3 759 734 mbar
PR Cyclone Pressure downstream of FR cyclone 7.8 7.2 7.6 5.8 6.8 7.2 51 5.2 mbar
MEMER Mass flow of FR fluidization (H,O) 239.1 232.1 227 229.9 230.9 235.7 216.8 217.9 kg/h
MFMAR Mass flow of AR fluidization* 1005.7 965.6 965.6 966.2 970.2 1000.6 969.4 971 kg/h
C3H8 AR Mass flow of propane entering AR 8.6 10.1 10.1 10.1 10.1 10.1 6.8 3.6 kg/h
TEm,Ls1 Vol. flow of LS1 fluidization 159(Ny) 157Ny 151 (Ny)  149(Nz)  156(Ny)  152(Nz) 157 (Nz) 156 (N;) Nm¥h
v iss Vol. flow of LS5 fluidization 19.6 (CO) 18.8(CO) 195(COy) 19.1(CO,) 19.3(CO,) 165(CO,) 149 (CO,) 153 (CO;) Nmh
TEM J-Valve Vol. flow of J-Valve fluidization 209 (CO,) 21.8(CO;) 22(CO;)  22(CO;)  229(CO; 237(CO; 19.5(CO;) 189(CO;) Nm?/h
Solid Name of Solid Sample from LS1 & /I 1 1-5-42 / 1 I 1 1-S-61 -
Samples LS5 / /1l 1-5-43 /1 / I 1 1-5-62 -
dpm Average particle diameter of OC // 1/ 130.3 Il 1/ / /! 161.0 um
or Particle density of OC // /! 3673.8 // Vi /! /! 3499.6 kg/m?
AXs Change in Xs for OC samples ! I 19.9 I !/ I 1 16 -

* AR fluidization medium: pure air or mixture of air & recycled flue gas
// No solid samples available

Cont’d: Table S1. Operating conditions for steady-state operating periods under investigation in K1 with corresponding solid samples. K1-BPX (steady-state operating period).

Variable Description BP16 BP17 BP18 BP19 BP20 BP21 BP22 BP23 Unit
T Fecdstock Mass flow of biomass pellets to FR 221.3 223.7 221.5 228.9 228.9 230.2 226.6 232.5 kg/h
MMake-Up Mass flow of OC to LS1 0 17 0 0 23.2 91.8 0 13 kg/h
Tar AR max. temperature 906.2 904 903.3 902.2 893.8 884.4 883.7 882.1 °C
Ter FR max. temperature 821.7 821.3 816 814.2 808.8 806.6 800.5 7929 °C
Apar AR pressure drop (inventory) 44 423 47.2 45.2 47.6 56.5 64.4 63.8 mbar
PARCyclone Pressure downstream of AR cyclone -1.1 -1.1 -1.1 -1.1 -1.1 -1.1 -1.2 -1.2 mbar
ApFR FR pressure drop (inventory) 90 91 778 74.7 742 735 65.2 63.5 mbar
PR Cyclone Pressure downstream of FR cyclone 7.4 6.9 7 8.1 6.4 7.3 7.2 7.1 mbar
MR Mass flow of FR fluidization (H,O) 186.5 183.7 164.7 181.8 183.8 193.8 195.8 197.3 kg/h
MFMAR Mass flow of AR fluidization* 972.8 968.2 928.2 929.3 928.2 969.3 933.1 927.2 kg/h
mesHs AR Mass flow of propane entering AR 54 5.4 54 54 5.4 7.2 5.4 54 kg/h
MeM st Vol. flow of LS1 fluidization 15 (Na) 15 (N2) 152(Ny) 153 (Nz) 152 (Ny) 16 (N2) 16 (N2) 161 (N;) Nmdh
e ss Vol. flow of LS5 fluidization 149 (CO,) 14.8(CO,) 157(CO,) 155(CO;) 158(CO;) 203 (N)) 206 (Ny)  205(N,) Nmdh
TEM J-Valve Vol. flow of J-Valve fluidization 11.8 (CO,) 116 (CO;) 11.6(CO;) 11.6(CO;) 124 (CO;) 147 (CO,) 133 (CO;) 125(CO;) Nm/h
Solid Name of Solid Sample from LS1 & 1-S-66 1 /I / 1 1 / 1-5-70 -
Samples LS5 1-5-65 // /! 1 /I I 1 1-5-69 -
dpm Average particle diameter of OC 147.0 1l 1/ // /! Il /l 149.3 um
or Particle density of OC 4021.1 /! 1/ // /! // /! 3539.1 kg/m?3
AXs Change in Xs for OC samples 19.3 /I // 1 1/ 1 /l 14.9 -

* AR fluidization medium: pure air or mixture of air & recycled flue gas
// No solid samples available



Cont’d: Table S1. Operating conditions for steady-state operating periods under investigation in K1 with corresponding solid samples. K1-BPX (steady-state operating period).

Variable Description BP24 BP25 BP26 BP27 BP28 BP29 BP30 Unit
T Feedstock Mass flow of biomass pellets to FR 229.8 228.9 213.7 209.5 209.6 221.9 238.8 kg/h
M Make-Up Mass flow of OC to LS1 0 10.6 209 0 0 0 5.5 kg/h

Tar AR max. temperature 882.5 868.6 844 840.7 834 833 797.3 °C
Ter FR max. temperature 794.4 788.9 757.7 746 730.3 7254 722.8 °C
Apar AR pressure drop (inventory) 64.5 64 63.4 56 50.8 49 74.3 mbar
PARCyclone Pressure downstream of AR cyclone -1.1 -1 -1 -1 -1 -1 -0.8 mbar
ApFR FR pressure drop (inventory) 65.5 76.8 106.7 124.7 134.3 135.6 65 mbar
PR Cyclone Pressure downstream of FR cyclone 7.6 7.2 7.4 7.1 7 7.1 7 mbar
MR Mass flow of FR fluidization (H,O) 196.4 200.6 200.9 203 203.2 204.3 251.1 kg/h
MFMAR Mass flow of AR fluidization* 927.2 944.7 952.1 953.5 956.5 957.3 960.4 kg/h
mesHs AR Mass flow of propane entering AR 54 0.9 0.9 0.9 0.9 0.9 0.9 kg/h
EM Ls1 Vol. flow of LS1 fluidization 16 1(N)  165(Nz)  167(Nz)  167(N2) 168 (Nz)  169(Nz) 177 (Nz) Nmh
v iss Vol. flow of LS5 fluidization 201(Ny) 189(Ny) 16.1(CO») 163(COy) 16.1(CO,) 164 (CO,) 168 (CO,) Nmh
TEM J-Valve Vol. flow of J-Valve fluidization 125 (CO;) 184 (CO;) 194 (CO;) 19.8(COz) 20.1(COz) 209 (CO;) 21.8(CO;) NmP/h
Solid Name of Solid Sample from LS1 & 1-5-73 1 1-S-75 1-S-78 1 1-5-85 1-5-87 -
Samples LS5 1-S-74 1 1-S-76 1-S-79 / 1-S-84 1-S-86 -
dpm Average particle diameter of OC 134.4 1/ 129.5 154.8 1/ 141.2 128.7 pm
op Particle density of OC 3542.9 1 3430.5 3716.3 1 3941.8 34380  kg/m’
AXs Change in Xs for OC samples 17.3 I 14.8 13.7 // 13.1 10.3 -

Table S2. Operating conditions for steady-state operating periods under investigation in K2 with corresponding solid samples. K2-BPX (steady-state operating period).

* AR fluidization medium: pure air or mixture of air & recycled flue gas

// No solid samples available

Variable Description BP1 BP2 BP3 BP4 BP5 BP6 BP7 Unit
T Feedstock Mass flow of biomass pellets to FR 207.4 334.3 266.4 266.1 257.7 243.7 240.5 kg/h
MMake-Up Mass flow of OC to LS1 46.7 0.0 0.0 0.0 0.0 0.0 0.0 kg/h
Tar AR max. temperature 945.3 980.5 970.8 944.8 940.7 934.3 930.9 °C
Ter FR max. temperature 800.4 861.2 855.8 819.0 813.9 800.8 788.5 °C
Apar AR pressure drop (inventory) 67.8 63.4 58.0 40.6 38.2 41.7 47.4 mbar
PARCyclone Pressure downstream of AR cyclone -2.1 2.1 -2.0 -1.9 -1.9 -2.0 2.1 mbar
ApFR FR pressure drop (inventory) 63.8 64.6 67.7 110.7 102.2 90.3 69.5 mbar
PR Cyclone Pressure downstream of FR cyclone 5.9 4.4 5.9 6.0 54 6.4 59 mbar
MEMER Mass flow of FR fluidization (H,O) 251.7 239.8 241.1 259.1 260.5 261.4 259.7 kg/h
MM AR Mass flow of AR fluidization* 791.3 985.0 1094.5 11415 11432 1091.0 1044.5 kg/h
TiC3Hs AR Mass flow of propane entering AR 3.6 3.6 1.0 1.0 1.0 1.0 1.0 kg/h
ThEm,Ls1 Vol. flow of LS1 fluidization 145(Ny) 139 (Ny) 14 (N2) 14 (Np) 14 (Ny) 142(N;)  149(Np) Nm%h
TEM,LS5 Vol. flow of LS5 fluidization 151 (Ny) 143 (Ny)  142(Ny)  144(Ny) 143 (Np) 145(N2) 147 (N2) Nméh
TiEM J-Valve Vol. flow of J-Valve fluidization 142 (CO,) 162(COz) 159(CO;)  16(COy) 17.6 (CO,) 182(CO,) 182(CO;) Nm/h
Solid Name of Solid Sample from LS1 & 2-S-24 2-5-26 2-S5-28 2-S-31 2-5-33 2-5-35 2-5-38 -
Samples LS5 2-5-23 2-S-25 2-5-27 2-5-30 2-5-32 2-S-34 2-5-39 -
dpm Average particle diameter of OC 1794 181.2™ 182.9" 185.3" 186.7" 188.1 189.8™ um
[ Particle density of OC 3637.6 3631.7" 3626.4" 3619 3614.6" 3610.2" 3606.5"  kg/m?
AXs Change in Xs for OC samples 25.1 28.3 30.0 36.4 33.6 245 229 -

Cont’d: Table S2. Operating conditions for steady-state operating periods under investigation in K2 with corresponding solid samples. K2-BPX (steady-state operating period).

* AR fluidization medium: pure air or mixture of air & recycled flue gas

// No solid samples available



Variable

Description BP8 BP9 BP10 BP11 BP12 BP13 BP14 BP15 Unit
T Feedstock Mass flow of biomass pellets to FR 257.0 254.5 311.8 223.6 225.9 228.8 230.3 275.2 kg/h
TMake-Up Mass flow of OC to LS1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 kg/h
Tar AR max. temperature 936.3 938.1 9242 935.5 946.9 959.6 964.6 963.0 °C
Tex FR max. temperature 789.0 774.1 738.9 765.8 784.8 792.1 814.0 816.8 °C
Apar AR pressure drop (inventory) 45.7 36.8 34.1 36.0 413 44.6 47.5 40.2 mbar
PARCyclone Pressure downstream of AR cyclone 2.1 2.0 -2.0 -2.0 2.1 -1.9 2.0 -2.0 mbar
ApFR FR pressure drop (inventory) 64.1 80.3 95.8 825 623 96.8 74.8 67.6 mbar
PR Cyclone Pressure downstream of FR cyclone 6.3 6.2 4.6 4.8 4.0 52 54 5.2 mbar
MR Mass flow of FR fluidization (H,O) 261.7 262.7 294.5 304.9 307.0 319.4 324.8 324.3 kg/h
MFMAR Mass flow of AR fluidization* 1041.2 1044.6 1061.2 1055.1 1048.6 1126.3 1158.9 1189.9 kg/h
C3H8 AR Mass flow of propane entering AR 0.9 0.9 0.9 12.6 126 12.6 126 9.0 kg/h
Mem st Vol. flow of LS1 fluidization 15 (Na) 149 (Ny) 144 (Ny) 143 (Ny) 144 (Ny) 145Nz  147(Ny) 146 (N2) Nm’h
v iss Vol. flow of LS5 fluidization 148(N;) 149N 155(Ny) 153(Np)  15(Np)  149(Ny) 144(Np) 143 (N, Nm¥h
TNEM,)-Valve Vol. flow of J-Valve fluidization 185 (CO,) 187(CO;) 16(CO;) 152(CO;) 182(CO;) 264 (CO;) 27.4(CO;) 325(CO;) Nmé/h
Solid Name of Solid Sample from LS1 & 2-5-40 2-5-42 2-5-45 2-5-47 2-S-51 2-S-53 2-S-54 2-5-59 -
Samples LS5 2-S-41 2-5-43 2-S-44 2-5-46 2-5-50 2-5-52 2-5-55 2-5-58 -
dpm Average particle diameter of OC 192.2" 193.8™ 198.8" 201" 202.6 204.1" 204.5 204.9" um
[0 Particle density of OC 3601.3" 3597.6" 3586.8" 3581.9" 3578.4" 3557.3" 3552.6™ 3546™ kg/m?
AXs Change in Xs for OC samples 239 225 10.4 16.5 14.6 24.2 24.1 17.9 -

Cont’d: Table S2. Operating conditions for steady-state operating periods under investigation in K2 with corresponding solid samples. K2-BPX (steady-state operating period).

* AR fluidization medium: pure air or mixture of air & recycled flue gas

// No solid samples available

Variable Description BP16 BP17 BP18 BP19 BP20 BP21 BP22 BP23 Unit
T Fecdstock Mass flow of biomass pellets to FR 298.5 281.1 250.6 284.6 306.4 274.2 315.1 313.3 kg/h
MMake-Up Mass flow of OC to LS1 0.0 0.0 58.8 0.0 0.0 0.0 53.2 0.0 kg/h
Tar AR max. temperature 948.7 961.2 944.4 946.3 928.6 9224 910.1 891.2 °C
Ter FR max. temperature 796.8 812.7 834.7 839.1 818.2 803.8 790.5 800.2 °C
Apar AR pressure drop (inventory) 414 50.4 728 64.6 58.1 529 48.8 54.6 mbar
PARCyclone Pressure downstream of AR cyclone -2.0 2.1 2.1 -2.0 -2.0 -1.8 -2.0 -2.0 mbar
ApFR FR pressure drop (inventory) 60.6 55.6 47.9 48.2 56.0 58.6 59.6 62.5 mbar
PFR.Cyclone Pressure downstream of FR cyclone 289 6.8 5.3 7.0 5.5 5.0 5.5 6.0 mbar
MR Mass flow of FR fluidization (H,O) 298.8 288.6 310.5 292.9 294.1 296.8 297.9 294.6 kg/h
MFMAR Mass flow of AR fluidization* 1207.9 1128.0 1098.5 1098.8 1110.7 1113.6 1112.6 11135 kg/h
mesHs AR Mass flow of propane entering AR 5.3 5.3 7.2 1.0 0.9 0.9 0.9 0.9 kg/h
MeM st Vol. flow of LS1 fluidization 1B9(Ny)  147(Ny)  157(Ny)  154(Ny)  154(Ny) 154 (N2) 154 (Ny) 155(N;) Nmdh
Ty s Vol. flow of LS5 fluidization 148Ny 133 (Np) 132N,  131(N,) 121(CO,) 135(N;) 127(CO,) 13.8(CO;) Nm¥h
TEM J-Valve Vol. flow of J-Valve fluidization 154 (CO,) 124 (Ny) 158 (Nz) 158 (Ny) 169(CO;) 179(CO;) 17.9(CO;) 17.9(CO;) Nm*h
Solid Name of Solid Sample from LS1 & 2-5-80 2-5-82 2-5-92 2-5-96 2-5-98 2-5-100 2-5-102 2-5-104 -
Samples LS5 2-5-79 2-S-81 2-5-91 2-5-95 2-5-97 2-5-99 2-S-101 2-5-103 -
dpm Average particle diameter of OC 211.2" 215.0 186.2" 182.7 185.3" 186.9" 189.9" 192.1 um
[0 Particle density of OC 3457.3" 3403.2 3419.9" 3421.9 3424.5" 3426.2" 3429.2" 3431.5 kg/m?
AXs Change in Xs for OC samples 20.1 20.9 19.6 204 20.7 17.9 18.1 15.0 -

Cont’d: Table S2. Operating conditions for steady-state operating periods under investigation in K2 with corresponding solid samples. K2-BPX (steady-state operating period).

* AR fluidization medium: pure air or mixture of air & recycled flue gas

// No solid samples available

Variable

Description

BP24

BP25

BP26 BP27

BP28

BP29

BP30

BP31

Unit




MFeedstock
M Make-Up
Tar
TFR
Apar
PARCyclone
ApFR
PFRCyclone
MEM,FR
m.FM,AR
INC3HS AR
INEM,LS1
IMEM,LS5
INEM,)-Valve
Solid
Samples
dpm
Qp
AXs

Mass flow of biomass pellets to FR
Mass flow of OC to LS1

AR max. temperature

FR max. temperature

AR pressure drop (inventory)
Pressure downstream of AR cyclone
FR pressure drop (inventory)
Pressure downstream of FR cyclone
Mass flow of FR fluidization (H,O)
Mass flow of AR fluidization*

Mass flow of propane entering AR
Vol. flow of LS1 fluidization

Vol. flow of LS5 fluidization

Vol. flow of J-Valve fluidization
Name of Solid Sample from LS1 &
LS5

Average particle diameter of OC
Particle density of OC

Change in Xs for OC samples

323.6
464
878.9
800.7
462
2.0
61.0
6.2
297.8
1097.9
09
15.9 (No)
12.5 (COy)
17.9 (COy)
2-5-106
2-5-105
188.5"
3415.4"
11.9

298.9
0.0
869.0
803.2
49.0
-1.9
61.2
5.9
300.3
1098.7
0.9
15.8 (N2)
13.6 (CO»)
17.9 (CO,)
2-5-110
2-5-109
186.7"
3407 .4
9.1

336.1
0.0
869.7
799.8
424
-2.0
59.4
6.5
301.6
1099.2
0.9
16 (N2)

134 (COy)
17.9 (COy)
2-5-112
2-5-111

183.3

3392.3"

8.6

3535
52.9
8744
807.5
445
1.9
62.8
6.7
291.4
10955
0.9
15.8 (N»)

13.4 (COy)
17.9 (COy)

2-S-114
2-5-113
179.9"
3384.3"
9.6

324.2
0.0
885.0
815.0
40.8
-2.0
63.6
7.3
284.0

1095.8

0.9

15.6 (o)

13.5 (COy)

17.9 (CO)
2-5-117
2-5-118
174.9"
3372.3

7.7

370.1
492
878.2
816.1
421
-2.0
65.9
7.5
284.5
1094.6
0.9

15.2 (No)

12.9 (COy)

17.9 (COy)
2-5-121
2-5-122

169.0

3358.2

11.3

3102
256
8723
8212
37.0
21
782
6.8
290.1
1118.8
09
15 (N,)

12.2 (CO»)
8.5 (CO,)
2-5-126
2-5-125

169.1"

3347.1"

11.6

302.1
50.2
859.6
807.2
294
-1.9
97.7
6.7
300.8
1123.4
0.9
15 (Ny)
13.2 (COy)
8.5 (COy)
2-S-130
2-S-129
169.2"
3342.4"
11.2

kg/h
kg/h
°C
°C
mbar
mbar
mbar
mbar
kg/h
kg/h
kg/h
Nm?/h
Nm3/h
Nm®/h
pum

kg/m?

Cont’d: Table S2. Operating conditions for steady-state operating periods under investigation in K2 with corresponding solid samples. K2-BPX (steady-state operating period).

* AR fluidization medium: pure air or mixture of air & recycled flue gas
/I No solid samples available

Variable Description BP32 BP33 BP34 BP35 Unit
MFeedstock Mass flow of biomass pellets to FR 300.3 316.2 314.6 346.8 kg/h
MMake-Up Mass flow of OC to LS1 40.0 0.0 415 35.0 kg/h
Tar AR max. temperature 861.5 893.9 919.9 951.1 °C
Ter FR max. temperature 808.6 829.7 848.5 853.5 °C
Apar AR pressure drop (inventory) 29.5 255 229 20.0 mbar
PARCyclone Pressure downstream of AR cyclone -1.9 -2.1 -2.0 -1.9 mbar
ApFR FR pressure drop (inventory) 75.1 85.6 95.3 84.1 mbar
PFRCyclone Pressure downstream of FR cyclone 6.6 5.1 5.0 5.2 mbar
MEMFR Mass flow of FR fluidization (HO) 303.0 252.8 223.8 200.8 kg/h
MEMAR Mass flow of AR fluidization* 1121.9 1117.6 1115.1 1116.3 kg/h
TC3Hs AR Mass flow of propane entering AR 0.9 0.9 0.9 0.9 kg/h
ThEm,Ls1 Vol. flow of LS1 fluidization 151 (Ny) 146 (Ny)  142(Ny) 139 (N2) Nm’h
TEM,LS5 Vol. flow of LS5 fluidization 132(CO,) 132(CO;) 13.1(CO;) 11.1(Ny) Nmh
INFM J-Valve Vol. flow of J-Valve fluidization 8.5 (CO») 8.7 (Ny) 87(CO;) 82(CO,) Nmdh
Solid Name of Solid Sample from LS1 & 2-5-132 2-5-136 2-5-142 2-S-145 -
Samples LS5 2-5-131 2-5-135 2-5-141 2-5-146 -
dpm Average particle diameter of OC 169.3" 169.3" 169.4" 169.5 um
[ Particle density of OC 3338.5" 3335.4" 3332.4" 3321.9 kg/m?
AXs Change in Xs for OC samples 7.7 12.1 15.3 20.3 -

Table S3. Operating conditions for steady-state operating periods under investigation in K3 with corresponding solid samples. K3-BPX (steady-state operating period).

* AR fluidization medium: pure air or mixture of air & recycled flue gas
/I No solid samples available



Variable

Description BP9 BP11 BP12 BP14 BP16 Unit
T Feedstock Mass flow of biomass pellets to FR 398.7 281.5 349.1 285.2 273.5 kg/h
MMake-Up Mass flow of OC to LS1 52.7 379 27.8 0.0 0.0 kg/h
Tar AR max. temperature 962.1 986.0 975.3 952.3 951.9 °C
Tex FR max. temperature 839.1 827.8 813.1 787.8 796.2 °C
Apar AR pressure drop (inventory) 73.6 66.2 71.6 50.8 38.9 mbar
PARCyclone Pressure downstream of AR cyclone -2.0 2.0 2.1 -2.0 2.0 mbar
ApFR FR pressure drop (inventory) 429 73.0 86.3 67.6 728 mbar
PR Cyclone Pressure downstream of FR cyclone 5.1 4.9 4.8 4.8 5.0 mbar
MM R Mass flow of FR fluidization (H,O) 304.0 277.0 277.2 298.2 293.0 kg/h
MFMAR Mass flow of AR fluidization* 1140.7 1095.6 1105.4 1108.9 1107.4 kg/h
C3H8 AR Mass flow of propane entering AR 6.4 7.9 7.9 3.4 7.9 kg/h
Mem st Vol. flow of LS1 fluidization 163 (Ny)  165(Nz) 164 (Ny)  165(N2)  163(N2) Nm’/h
e ss Vol. flow of LS5 fluidization 138(N2) 138 (N2  14(N)  143(N) 142(N;) Nmyh
TEM J-Valve Vol. flow of J-Valve fluidization 12.7(CO,) 16,6 (CO;) 162(CO;) 166 (CO,)  17(CO;)  Nmé/h
Solid Name of Solid Sample from LS1 & 3-5-17 3-S-24 3-5-28 3-S5-32 3-S5-34 -
Samples LS5 3-5-16 3-5-23 3-S5-27 3-5-31 3-5-33 -
dpm Average particle diameter of OC 169.0 169.5 1715 188.0 203.2 um
or Particle density of OC 3398.8 3435.5" 3444.0 3403.8" 3377.3 kg/m?3
AXs Change in Xs for OC samples 16.1 21.5 25.7 20.5 18.1 -

* AR fluidization medium: pure air or mixture of air & recycled flue gas

// No solid samples available



Supplementary Material S2 — Boundary Conditions of Operating periods from cold flow model under Consideration

The boundary conditions for each steady-state operating period under consideration in the CFM are listed in Table S4 (bronze) and Table S5 (ilmenite).

Table S4. Operating conditions for steady-state operating periods under investigation in CFM with bronze powder. CFM-BPX (steady-state operating period).

Variable Description BP1 BP2 BP3 BP4 BP5 BP6 BP7 BP8 BP9 BP10 Unit
Uo AR AR gas velocity 1.59 1.63 1.73 191 2.11 1.95 1.98 2.16 1.56 1.61 m/s
Apar AR pressure drop (inventory) 47.3 393 355 36.5 35.4 33.8 30.0 31.1 32.1 29.0 mbar
UoFR FR gas velocity 3.37 2.70 3.49 2.73 2.68 2.75 2.76 2.70 3.26 2.76 m/s
Apr FR pressure drop (inventory) 172 25.1 26.7 222 222 343 36.3 35.0 8.1 104 mbar
Vyvatve Vol. flow of J-valve fluidization 0.8 0.85 11 0.39 0.315 0.59 0.605 0.49 04 0.4 NI/min
Apj-vatve J-Valve pressure drop 66.2 69.5 72.7 1034 115.1 88.7 89.1 99.2 81.6 74.8 mbar
Gsar AR Entrainment flux 9.7 10.3 12.6 20.3 25.6 18.4 18.5 259 6.6 6.9 kg/m?s
Gsr FR Entrainment flux 214 22.6 31.0 22.0 214 26.3 27.0 249 144 14.6 kg/m?s

Cont’d: Table S4. Operating conditions for steady-state operating periods under investigation in CFM with bronze powder. CFM-BPX (steady-state operating period).

Variable Description BP-11 BP-12 BP-13 BP-14 BP-15 BP-16 BP-17 BP-18 BP-19 BP-20 Unit
Uo,AR AR gas velocity 1.71 1.76 1.81 1.89 1.96 2.01 2.06 1.59 2.03 1.89 m/s
Apar AR pressure drop (inventory) 28.0 27.2 24.4 22.1 20.1 19.1 17.2 325 15.8 214 mbar
UoFr FR gas velocity 3.38 3.08 3.38 3.38 3.33 3.27 3.16 3.18 2.90 3.03 m/s
Aprr FR pressure drop (inventory) 12.1 15.4 16.2 18.1 21.8 24.5 30.5 8.5 30.9 21.0 mbar
Vyvatve Vol. flow of J-valve fluidization 0.52 0.52 0.7 0.75 0.89 0.89 0.96 0.45 0.81 0.81 NI/min
Apjvalve J-Valve pressure drop 79.0 84.4 76.4 76.5 70.9 72.9 711 74.6 754 72.2 mbar
Gsar AR Entrainment flux 8.8 9.2 10.7 11.5 12.8 129 13.9 7.2 11.7 10.7 kg/m?s
Gsir FR Entrainment flux 20.0 20.1 24.0 25.2 26.0 27.0 28.5 14.9 26.0 24.2 kg/m?s

Cont’d: Table S4. Operating conditions for steady-state operating periods under investigation in CFM with bronze powder. CFM-BPX (steady-state operating period).

Variable Description BP-21 BP-22 BP-23 BP-24 BP-25 BP-26 BP-27 BP-28 BP-29 BP-30 Unit
Uo,AR AR gas velocity 1.74 1.82 2.02 1.94 1.88 1.85 1.79 2.00 1.80 1.82 m/s
Apar AR pressure drop (inventory) 27.7 242 18.3 20.8 214 21.2 232 17.6 22.6 19.9 mbar
UoFr FR gas velocity 3.14 3.14 3.17 3.21 2.92 2.73 291 2.92 2.85 2.49 m/s
Apr FR pressure drop (inventory) 132 16.9 259 20.8 214 20.2 16.2 25.3 17.1 21.1 mbar
Viovalve Vol. flow of J-valve fluidization 0.52 0.68 0.9 0.9 0.79 0.65 0.6 0.8 0.65 0.65 NI1/min
Apj-valve J-Valve pressure drop 80.2 75.9 72.1 73.6 69.4 73.1 74.3 71.5 71.9 70.7 mbar
Gsar AR Entrainment flux 9.4 10.5 12.8 11.8 10.7 9.8 9.0 11.8 9.1 8.8 kg/m?s

G FR Entrainment flux 21.0 22.0 26.8 25.3 23.7 20.6 20.2 25.4 20.6 18.9 kg/m?s




Cont’d: Table S4. Operating conditions for steady-state operating periods under investigation in CFM with bronze powder. CFM-BPX (steady-state operating period).

Variable Description BP-31 BP-32 BP-33 BP-34 BP-35 BP-36 BP-37 BP-38 BP-39 BP-40 Unit
UoAR AR gas velocity 1.67 1.98 2.04 1.62 1.71 1.83 1.82 1.87 1.88 1.87 m/s
Apar AR pressure drop (inventory) 21.3 18.0 16.9 41.7 422 33.7 35.3 31.4 31.5 25.5 mbar
UoFR FR gas velocity 2.14 2.75 2.78 3.29 3.21 3.16 3.13 3.00 3.08 2.73 m/s
Aprr FR pressure drop (inventory) 16.1 25.6 31.3 13.0 18.7 26.2 30.1 33.5 31.2 21.0 mbar
V)evatve Vol. flow of J-valve fluidization 04 0.7 0.9 0.5 0.68 0.8 1.03 0.9 1.08 0.58 NI/min
Apjvaive J-Valve pressure drop 76.0 75.6 70.7 81.7 77.8 759 67.5 739 65.5 794 mbar
Gsar AR Entrainment flux 6.6 11.0 11.7 8.4 11.4 12.1 12.6 12.3 11.9 9.8 kg/m?s
Gsr FR Entrainment flux 13.4 23.9 26.3 18.9 23.2 26.9 28.1 274 26.7 21.6 kg/m?s

Cont’d: Table S4. Operating conditions for steady-state operating periods under investigation in CFM with bronze powder. CFM-BPX (steady-state operating period).

Variable Description BP-41 BP-42 BP-43 BP-44 BP-45 BP-46 BP-47 BP-48 BP-49 BP-50 Unit
Uoar AR gas velocity 1.88 2.04 1.62 1.71 1.71 1.83 1.82 1.95 1.71 1.81 m/s
Apar AR pressure drop (inventory) 27.5 21.2 31.0 314 244 254 20.1 20.3 27.5 23.8 mbar
UoFR FR gas velocity 2.90 2.89 2.76 3.28 2.40 3.09 2.19 2.83 3.11 3.12 m/s
Apr FR pressure drop (inventory) 214 25.4 8.4 9.4 10.5 11.6 15.5 13.7 7.7 9.0 mbar
Vyvatve Vol. flow of J-valve fluidization 0.68 0.68 0.4 0.41 0.36 0.41 0.5 0.65 0.48 0.5 NI/min
Apjvalve J-Valve pressure drop 76.6 79.5 79.8 85.8 86.9 86.2 74.6 69.6 73.7 73.7 mbar
Gsar AR Entrainment flux 10.4 11.7 6.0 7.9 6.2 8.1 6.4 8.1 6.2 6.8 kg/m?s
Gsr FR Entrainment flux 244 24.2 13.9 17.1 13.6 18.3 15.2 18.4 13.4 15.5 kg/m?s

Cont’d: Table S4. Operating conditions for steady-state operating periods under investigation in CFM with bronze powder. CFM-BPX (steady-state operating period).

Variable Description BP-51 BP-52 BP-53 BP-54 BP-55 BP-56 BP-57 BP-58 BP-59 BP-60 Unit
UoAr AR gas velocity 1.66 1.76 1.64 1.84 1.79 1.86 1.93 1.86 1.88 1.93 m/s
Apar AR pressure drop (inventory) 38.5 48.3 459 25.0 273 22.7 28.6 28.2 19.2 133 mbar
UoFr FR gas velocity 3.34 2.89 3.35 2.87 2.76 2.75 3.18 3.01 3.06 3.00 m/s
Aprr FR pressure drop (inventory) 9.3 235 12.0 22.0 19.3 223 28.6 242 23.9 24.2 mbar
V)ovatve Vol. flow of J-valve fluidization 0.5 0.7 0.5 0.58 0.6 0.6 0.7 0.58 0.65 0.65 NI/min
Apjvaive J-Valve pressure drop 76.5 76.0 81.6 84.3 78.2 80.3 79.8 83.5 73.1 73.6 mbar
Gsar AR Entrainment flux 7.9 10.9 9.1 10.1 9.5 9.7 13.1 10.8 10.8 10.6 kg/m?s

Gsrr FR Entrainment flux 17.5 23.7 20.0 23.2 19.8 21.7 27.9 23.6 239 24.2 kg/m?s




Cont’d: Table S4. Operating conditions for steady-state operating periods under investigation in CFM with bronze powder. CFM-BPX (steady-state operating period).

Variable Description BP-61 BP-62 BP-63 BP-64 BP-65 BP-66 BP-67 BP-68 BP-69 BP-70 Unit
Uo,AR AR gas velocity 1.67 1.68 1.66 1.88 1.90 1.84 1.96 1.71 1.81 1.79 m/s
Apar AR pressure drop (inventory) 18.1 179 174 9.8 14.0 16.4 124 195 18.8 114 mbar
UoFR FR gas velocity 3.03 2.34 3.37 3.07 3.02 2.64 2.89 2.30 3.13 2.35 m/s
Aprr FR pressure drop (inventory) 8.7 11.7 6.5 13.6 18.8 19.4 221 12.4 11.7 13.7 mbar
Vyvatve Vol. flow of J-valve fluidization 0.35 0.3 0.38 0.48 0.55 0.5 0.58 0.35 0.5 0.35 NI/min
Apjvaive J-Valve pressure drop 81.9 86.0 81.2 80.1 79.6 789 80.7 85.7 78.8 88.4 mbar
Gsar AR Entrainment flux 6.3 6.3 6.2 8.7 9.8 8.6 10.3 6.4 8.4 6.6 kg/m?s
Gsr FR Entrainment flux 14.2 14.1 14.1 19.2 21.8 18.5 21.7 13.5 17.7 14.7 kg/m?s

Cont’d: Table S4. Operating conditions for steady-state operating periods under investigation in CFM with bronze powder. CFM-BPX (steady-state operating period).

Variable Description BP-71 BP-72 BP-73 BP-74 BP-75 BP-76 BP-77 BP-78 BP-79 BP-80 Unit
Uo AR AR gas velocity 1.79 1.64 1.73 2.00 2.01 2.35 2.35 2.34 2.02 2.36 m/s
Apar AR pressure drop (inventory) 18.3 323 345 7.1 4.6 4.6 3.3 14.7 17.0 11.8 mbar
Uorr FR gas velocity 2.80 2.52 2.97 2.54 2.92 2.92 3.29 3.28 3.29 3.30 m/s
Apr FR pressure drop (inventory) 115 26.5 31.0 9.2 5.5 10.5 6.4 18.0 19.5 23.1 mbar
Vievatve Vol. flow of J-valve fluidization 0.4 0.8 1 0.5 0.4 0.5 0.35 0.4 0.5 0.6 NI/min
Apjvalve J-Valve pressure drop 823 76.0 71.5 779 79.7 81.6 74.0 104.3 98.4 100.8 mbar
Gsar AR Entrainment flux 7.6 9.0 14.2 5.6 4.8 5.3 4.3 15.9 11.8 13.9 kg/m?s
Gsr FR Entrainment flux 17.5 20.1 28.8 15.7 11.9 19.7 15.7 23.6 264 28.1 kg/m?s

Cont’d: Table S4. Operating conditions for steady-state operating periods under investigation in CFM with bronze powder. CFM-BPX (steady-state operating period).

Variable Description BP-81 BP-82 BP-83 BP-84 BP-85 BP-86 BP-87 BP-88 BP-89 BP-90 Unit
UoAr AR gas velocity 2.16 2.34 2.09 2.10 2.19 2.28 2.36 2.55 2.55 2.55 m/s
Apar AR pressure drop (inventory) 21.7 16.7 18.5 12.9 18.2 14.1 24.5 15.6 11.4 16.2 mbar
UoFr FR gas velocity 3.62 3.63 3.65 2.94 2.55 2.57 2.59 2.59 2.59 2.96 m/s
Aprr FR pressure drop (inventory) 28.3 327 24.0 20.0 353 39.2 33.4 33.1 244 323 mbar
V)ovatve Vol. flow of J-valve fluidization 0.6 0.7 0.7 0.7 0.6 0.65 0.5 0.6 0.6 0.6 NI/min
Apjvaive J-Valve pressure drop 98.7 98.1 92.9 88.5 96.0 95.0 112.2 104.6 100.8 100.7 mbar
Gsar AR Entrainment flux 16.6 18.1 13.1 10.7 15.2 14.7 - 19.3 14.7 18.2 kg/m?s

Gsrr FR Entrainment flux 33.2 34.0 31.3 26.7 26.4 25.8 22.7 27.3 255 29.9 kg/m?s




Cont’d: Table S4. Operating conditions for steady-state operating periods under investigation in CFM with bronze powder. CFM-BPX (steady-state operating period).

Variable Description BP-91 BP-92 BP-93 BP-94 BP-95 BP-96 BP-97 BP-98 BP-99 BP-100 Unit
Uo,AR AR gas velocity 2.36 2.55 2.55 2.55 2.56 2.52 2.50 2.19 2.37 2.54 m/s
Apar AR pressure drop (inventory) 114 8.2 16.8 13.1 13.7 9.3 36.6 322 282 17.8 mbar
UoFR FR gas velocity 2.92 2.95 2.93 2.94 3.33 3.26 3.27 3.68 3.69 3.67 m/s
Aprr FR pressure drop (inventory) 221 21.3 49.1 419 31.3 241 51.6 41.6 46.7 44.1 mbar
V)evatve Vol. flow of J-valve fluidization 0.6 0.6 0.7 0.7 0.7 0.7 0.7 0.8 0.85 0.9 NI/min
Apjvaive J-Valve pressure drop 96.8 93.2 96.2 927 93.4 88.5 109.4 94.9 93.7 88.3 mbar
Gsar AR Entrainment flux 121 12.4 314 18.2 17.6 14.0 - 23.0 25.5 20.1 kg/m?s
Gsr FR Entrainment flux 29.6 29.2 34.6 324 325 31.0 344 35.6 40.5 375 kg/m?s

Cont’d: Table S4. Operating conditions for steady-state operating periods under investigation in CFM with bronze powder. CFM-BPX (steady-state operating period).

Variable Description BP-101 BP-102 BP-103 BP-104 BP-105 BP-106 BP-107 BP-108 BP-109 BP-110 Unit
Uoar AR gas velocity 2.03 2.52 2.54 2.55 2.55 2.55 2.38 2.35 2.54 2.54 m/s
Apar AR pressure drop (inventory) 244 19.4 14.0 11.0 9.9 13.0 12.2 14.6 12.5 20.1 mbar
UoFR FR gas velocity 3.71 3.63 3.29 3.11 2.92 4.05 4.06 3.98 4.02 4.03 m/s
Apr FR pressure drop (inventory) 20.0 59.2 61.0 60.7 70.2 36.5 24.0 29.5 33.5 433 mbar
Vievatve Vol. flow of J-valve fluidization 0.7 1 1 1 1 1 1 1 1 0.95 NI/min
Apjvalve J-Valve pressure drop 84.2 81.9 77.2 724 714 76.6 67.1 73.1 75.3 84.2 mbar
Gsar AR Entrainment flux 12.1 259 20.2 15.9 14.0 17.1 13.9 16.6 16.7 222 kg/m?s
Gsr FR Entrainment flux 27.7 417 38.2 39.5 33.2 40.6 324 36.6 37.3 39.9 kg/m?s

Cont’d: Table S4. Operating conditions for steady-state operating periods under investigation in CFM with bronze powder. CFM-BPX (steady-state operating period).

Variable Description BP-111 BP-112 BP-113 BP-114 BP-115 BP-116 BP-117 BP-118 BP-119 BP-120 Unit
UoAr AR gas velocity 2.55 2.55 2.38 2.38 2.39 2.22 2.36 2.36 2.54 2.37 m/s
Apar AR pressure drop (inventory) 122 18.2 203 14.1 12.7 14.1 6.9 104 8.3 8.9 mbar
UoFr FR gas velocity 3.32 3.29 3.33 2.90 2.96 4.09 4.01 4.02 4.04 3.66 m/s
Aprr FR pressure drop (inventory) 45.6 74.6 60.9 622 53.1 17.6 12.4 21.2 17.1 16.5 mbar
V)ovatve Vol. flow of J-valve fluidization 1 1 1 0.9 1 0.8 0.8 0.8 1 0.6 NI/min
Apjvalve J-Valve pressure drop 72.7 80.8 79.2 80.2 69.0 71.5 73.7 79.0 57.6 86.9 mbar
Gsar AR Entrainment flux 16.7 23.0 20.2 15.7 14.3 11.0 10.0 13.1 - 11.4 kg/m?s

Gsrr FR Entrainment flux 35.7 38.3 36.3 32.5 30.9 28.8 24.4 29.2 27.5 26.4 kg/m?s




Cont’d: Table S4. Operating conditions for steady-state operating periods under investigation in CFM with bronze powder. CFM-BPX (steady-state operating period).

Variable Description BP-121 BP-122 BP-123 BP-124 BP-125 BP-126 BP-127 BP-128 Unit
UoAR AR gas velocity 2.54 2.55 2.19 220 2.20 2.67 2.67 2.69 m/s
Apar AR pressure drop (inventory) 121 8.4 6.8 6.1 49 154 27.9 17.1 mbar
UoFR FR gas velocity 3.29 2.94 3.98 3.66 3.31 3.93 3.98 4.00 m/s
Aprr FR pressure drop (inventory) 37.8 31.5 7.5 7.6 7.5 53.6 68.6 60.7 mbar
V)evatve Vol. flow of J-valve fluidization 0.9 0.9 0.5 0.5 0.5 1.2 1.2 1.3 NI/min
Apjvaive J-Valve pressure drop 80.4 714 88.0 83.9 83.8 75.8 84.6 742 mbar
Gsar AR Entrainment flux 15.6 13.1 7.9 8.2 6.4 24.7 26.3 23.1 kg/m?s
Gsr FR Entrainment flux 348 30.3 18.9 18.2 17.4 435 48.1 444 kg/m?s

Table S5. Operating conditions for steady-state operating periods under investigation in CFM with ilmenite powder. CFM-BPX (steady-state operating period). BP130-133 (ILMf),
BP134-137 (ILMc).

Variable  Description BP130 BP131 BP132 BP133 BP134 BP135 BP136 BP137 Unit
Uo AR AR gas velocity 1.27 1.47 1.61 1.94 1.29 1.66 2.04 2.40 m/s
Apar AR pressure drop (inventory) 18.7 18.5 17.8 16.4 21.2 23.6 18.2 16.2 mbar

Gs AR AR Entrainment flux 1.7 3.6 6.8 17.2 0.4 1.4 34 6.3 m/s




