
Table S1 Ultimate and proximate analysis of biomass 

Biomass Type 
Particle size 

(mm) 
Ultimate analysis (wt.%) Proximate analysis (wt.%) LHV 

(kJ/kg) 
Ref 

C H O N S M V FC A 
Pine sawdust Terrestrial 0.25~0.425 49.66 5.55 43.33 0.021 1.44 8.39 84.31 6.88 0.42 18506 He1, 2 
Pine sawdust Terrestrial 0.25~0.425 48.80 6.38 43.74 0.05 0.04 / 84.03 14.98 0.99 / 

Huang3-9, 
Lin10 

Pine sawdust Terrestrial 0.25~0.425 48.85 6.31 44.78 0.05 0.01 8.28 84.75 6.68 0.29 19380 
Pine char Terrestrial <0.125 86.31 2.27 6.23 0.14 0.01 / 15.24 79.72 5.04 / 
Sewage 
sludge 

Solid waste / 22.06 4.16 20.63 3.18 0.75 / 46.19 4.59 49.22 / 

Pine sawdust Terrestrial 0.3~0.45 46.44 6.21 47.29 0.05 0.01 8.39 84.31 6.88 0.42 18707 
Wei11-14 

Pine char Terrestrial / 85.55 2.22 11.7 0.52 0.01 / 13.66 81.33 5.01 30240 
Pine sawdust Terrestrial 0.25~0.425 49.59 6.46 42.87 0.05 0.04 / 84.03 14.98 0.99 / Chen15, 16 

Sewage 
sludge 

Solid waste <0.18 26.05 4.29 15.7 4.12 0.67 / 46.24 4.59 49.12 / Deng17 

Eucalyptus 
wood 

Terrestrial 0.18~0.25 / / / / / / / / / / Fan18 

Rice husk Terrestrial 0.45~0.6 39.74 5.23 41.31 0.52 1.34 9.84 65.07 16.13 8.96 / 
Ge19-22 Rice straw Terrestrial ~0.5 38.91 5.3 43.07 1.06 0.15 9.1 70.07 18.43 1.51 / 

Rice husk Terrestrial ~1.5 40.06 5.61 39.88 0.9 0.1 11.89 75.78 14.77 1.56 14470 
Sawdust Terrestrial 0.1~0.3 45.09 4.3 40.2 1.93 0 9.2 77.6 12.6 0.6 17750 Yan23 
Pine char Terrestrial <0.25 81.92 0.82 10.96 0.3 0.44 / 10.40 84.04 5.56 / Xue24 
Sewage 
sludge 

Solid waste 0.3~0.45 21.55 3.82 9.57 3.76 0.55 4.89 35.88 3.37 55.86 / Chen25 

Sawdust Terrestrial / 46.01 5.61 42.93 1.31 0.124 6.22 72.64 17.37 3.77 / Wang26 



Pine sawdust Terrestrial 
0.1~0.2/0.25~0.4/ 

0.2~0.6 
44.90 6.38 44.98 3.74 / 1.44 80.78 16.28 1.50 18330 Zeng27-30 

Rice straw Terrestrial ~0.5 38.91 5.30 43.07 1.06 0.15 9.59 70.07 18.43 1.91 / Shen31 
Rice husk Terrestrial / 37.66 4.81 31.97 0.42 0.023 8.06 64.92 9.96 17.06 / Yin32 
Pine wood Terrestrial 0.15~0.18 49.51 6.28 42.9 / 0.36 / 84.02 0.95 15.03 18600 

Liu33 
PE Solid waste 0.15~0.18 85.37 14.6 / / 0.03 / 100 / / 43920 

Pine sawdust Terrestrial 0.3~0.6 44.25 6.36 48.85 0.48 0.06 9.5 75.65 13.83 1.02 17140 
Guo34, 
Zhao35, 
Niu36, 37 

Pine sawdust Terrestrial 0.1~0.15 47.16 6.21 45.22 0.17 0.15 6.9 77.96 14.05 1.09 / Jin38 
Pine sawdust Terrestrial / 48.5 6.4 44.9 0.1 0.1 3.4 80.2 16.2 0.2 / Wang39, 40 

Chlorella 
vulgaris 

Aquatic <0.2 45.49 6.61 28.69 10.28 0.21 / 78.98 12.30 8.72 18692 

Liu41-46 Chlorella 
vulgaris 

Aquatic <0.2/<0.18 49.99 7.39 27.40 9.48 0.5 / 81.84 12.91 5.25 19576 

Pine sawdust Terrestrial <0.2 45.14 6.17 45.48 2.04 0.1 / 82.41 16.52 1.07 16289 
Rice straw Terrestrial <0.18 40.4 6.3 35.6 1.1 0.1 / 71.9 11.6 16.5 / Liao47 
Rice straw Terrestrial <0.18 39.7 6.01 43.01 0.95 0.24 / 73.44 16.47 10.09 14986 Wu48, 49 
Rice straw Terrestrial <0.2 42.48 6.24 42.56 0.55 0.03 / 76.32 15.54 8.14 17500 Chen50 
Rice straw Terrestrial <1 43.08 6.63 38.56 0.65 0.21 / 76.84 12.30 10.86 / Hu51 
Chlorella 
vulgaris 

Aquatic <0.2 53.32 7.14 27.87 10.04 1.63 6.54 51.75 32.10 9.61 / Hu52, 53 

Wheat straw Terrestrial <0.15 47.3 6.3 45.1 1.3 0.11 7.6 66.6 16.2 9.7 / 
Hu54-56 

Rice straw Terrestrial <0.18 36.17 5.63 37.98 0.61 0.23 7.64 64.67 16.91 10.78 / 



Corn stalk Terrestrial <0.15 48.8 5.78 36.4 0.92 0.12 8.34 67.1 17.1 7.46 / 
Peanut shell Terrestrial <0.15 48.4 6.7 38.1 1.37 0.1 7.88 68.1 21.4 2.6 / 
Rice husk Terrestrial <0.2 40.78 5.58 52.41 0.82 0.42 8.43 65.53 13.71 12.33 13840 Huang57 

Coffee 
grounds 

Terrestrial 0.25~0.425 52.61 6.89 33.92 1.74 0.64 3.18 79.6 16.2 1.02 21260 Zhang58 

Waste 
activated 
carbon 
(WAC) 

Solid waste 0.08~0.2 46.62 6.25 45.66 0.83 0.64 9.65 57.20 30.02 3.13 15500 Wang59 

Kitchen 
waste (KW) 

Solid waste 0.09~0.212 38.85 7.33 38.13 1.49 0.58 10.37 72.02 14.36 3.25 14690 Wang60 

 
 
Table S2 main elements of OC 

OC Particle (mm) Elements composition Ref 
Hematite 0.18~0.25 81.66%Fe2O3, 5.64%SiO2, 0.88%Al2O3, 0.24%CaO, 0.031%S He1, 2 

Spinel / NiFe2O4 

Huang3-9, 
Lin10 

Hematite 0.18~0.25 81.66%Fe2O3, 5.64%SiO2, 0.88%Al2O3, 0.24%CaO, 0.031%S 

Hematite-NiO / 
Hematite: 89.53%Fe2O3, 6.78%SiO2, 1.28%Al2O3, 0.13%CaO, 0.024%S 

NiO/Hematite=1, 6, 10% 
Hematite 0.18~0.25 90.73%Fe2O3, 6.78%SiO2, 1.28%Al2O3, 0.13%CaO, 0.024%S 
Hematite / 89.53%Fe2O3, 6.78%SiO2, 1.28%Al2O3, 0.13%CaO, 0.024%S 

Spinel <0.125 NiFe2O4 
Hematite / 88.56%Fe2O3, 6.48%SiO2, 3.73%Al2O3, 0.22%CaO, 0.019%S 



Cu/Al/Zn / 27.91%O, 22.56%Zn, 21.52%Cu, 13.56%Na, 13.4%Al, 0.937%Ni 

Wei11-14 
Cu/Al/Ni / 23.59%O, 0.028%Zn, 30.27%Cu, 8.64%Na, 11.66%Al, 33.72%Ni 

Cu/Al/Ni/Zn / 26.22%O, 18.29%Zn, 17.06%Cu, 7.37%Na, 9.97%Al, 20.71%Ni 
Fe2O3-Al2O3 0.18~0.25 70%Fe2O3, 30%Al2O3 

Fe-Ni-Al / 66.48%Fe2O3, 28.49%Al2O3, 5.03%NiO 
MFe2O4 

M=Cu/Ba/Ni/Co 
/ CuFe2O4/BaFe2O4/NiFe2O4/CoFe2O4 Chen15, 16 

Copper slag <0.15 39.62%Fe, 31.89%O, 13%Si, 2.21%Ca, 2.19%Zn, 1.84%Al, 1.36Mg, 0.75%S, 0.66%Cu Deng17 
Fe/La-Fe/Ni-
Fe/Co-Fe/Mn-

Fe/Ca-Fe 
/ Iron ore, LaFeO3, NiFe2O4, CoFe2O4, MnFe2O4, CaFe2O4 Fan18 

Hematite 0.3~0.45 83.21%Fe2O3, 5.37%Al2O3, 7.06%SiO2, 4.6%Others Ge19-22 
Chen25 NiO-Al2O3 0.3~0.45 60%NiO, 40%Al2O3 

BaFe2O4-Al2O3 0.1~0.3 70%BaFe2O4, 30%Al2O3 Yan23 
Manganese ore 0.3~0.45 20.04%Mn, 15.3%Fe, 16.95%Si, 4.84%Al, 0.97%K, 0.35%Mg, 0.15%Ti Wang26 

Fe/Ca <0.25 Fe2O3, 50%Fe2O3-50%CaO, CaFe2O4 Xue24 
Fe2O3 0.1~0.3 99.99%Fe2O3 

Zeng27-30 
Hematite 0.1~0.3 89.15%Fe2O3, 6.43%SiO2, 3.15%Al2O3 
Red mud 0.1~0.3 31.40%Fe2O3, 16.1% SiO2, 31.3%Al2O3, 5.45%CaO, 6.58%TiO2, 6.65%Na2O 
Hematite / 90.75%Fe2O3, 1.14%Fe3O4, 0.88%Al2O3, 4.18%SiO2 

Fe2O3-CuO-CAC 0.3~0.45 
60~0%Fe2O3, 0~60%CuO, 40%CAC 

CAC=51.08%Al2O3, 33.12%CaO, 7.80%SiO2, 
Shen31 

Manganese ore / 15.3%Fe, 20.04%Mn, 4.84%Al, 16.95%Si, 0.15%Ti, 0.97%K, 0.35%Mg, 41.6%O Yin32 
Fe2O3 <0.18 Fe2O3/CaO=0~1.5 Liu33 



Copper ore 0.1~0.3 CuO, CuFe2O4 Guo34 
Hematite 0.1~0.3 Fe2O3, Al2O3, SiO2 

CuO-CuAl2O4 0.2~0.3 60%CuO, 40%CuAl2O4 
Zhao35 Fe2O3-Al2O3 0.2~0.3 60%Fe2O3, 40%Al2O3 

Copper ore 0.2~0.3 21.04%CuO, 70.05%CuFe2O4, 8.91%(SiO2+CaSO4+Al2O3) 
Cu-Fe oxides 0.1~0.3 CuO/Fe2O3=100/0~0/100 Niu36, 37 

Hematite 0.15~0.18 90.01%Fe2O3, 3.86%SiO2, 1.8%Al2O3, 3.06%MgO, 1.18%CaO Jin38 
CoFe2O4 / CoFe2O4 Wang39, 40 

Fe2O3 <0.2 Fe2O3 

Liu41-46 

Calcium ferrites / Ca2Fe2O5/CaFe2O4 
Ca2Fe2-xCoxO5 / Ca2Fe2-xCoxO5(x=0~1.4) 

Fe2O3-CaO <0.2 CaO/Fe2O3=1/0.2 
Ca2Fe2O5 

(Mg/Al/Zn) 
/ Ca2Fe2O5(ZnO/MgO/Al2O3) 

Ca2-xSrxFe2O5 / Ca2-xSrxFe2O5(x=0~1.8) 
Fe2O3(K-doped) / Fe2O3/K2CO3=14:1, 7:1 Liao47 

Fe2O3-CaO / CaO/Fe2O3=1/0.2 
Wu48, 49 

Fe2O3 <0.18 Fe2O3 
Mn-Fe-Al2O3 <0.2 Mn/Fe=1/2, Mn-Fe/Al2O3=100/0~50/50 Chen50 

Fe-Ca 0.09~0.212 Fe:Ca=1:2, 1:1, 2:1 Hu51 
Fe2O3 / Fe2O3 Hu52, 53 

Fe-Si-Al <0.2 Fe2O3, SiO2, Al2O3 Huang57 
Fe2O3-Inert 

support 
0.3~0.425 Fe2O3(Al2O3, TiO2, SiO2, ZrO2) Hu54-56 



Fe2O3-ATP-K 0.098~0.18 
[Fe(CN2H4O)6](NO3)3/ATP=4/6 

[Fe(CN2H4O)6](NO3)3/ATP/KNO3=4/6/1 
Zhang58 

Fe2O3-ATP-Al2O3 0.08~0.2 
Fe2O3/ATP=4:6 

Fe2O3/Al2O3=4:6 
Wang59 

CuFe2O4-ATP 0.09~0.212 CuFe2O4/ATP Wang60 
 
TableS3 A brief summary of experimental result of CLG.  

OC Biomass OC/Ba Reactor 
Tem 
(℃) 

Rtb 

(min) 
H2Oc 

LHV 
(MJ/m3) 

ηc 

(%) 

η 
(%) 

Ref 

Hematite Pine 150/40 Bubbling 650~900 30 / 12.5~12.8 60~96 46~78 He1, 2 

Hematite Pine 
150g/ 

0.1kg/h 
Bubbling 800 50 0.35~1.35 11.4~13.1 81~97 69~80 

Huang3-

9, Lin10 

Hematite Pine 
150g/ 

0.1kg/h 
Bubbling 700~850 50 0.85 12.1~13.0 92~97 78~81 

Hematite Pine 1.12~2.56 Bubbling 840 50 / 13.1~14.3 68~85 67~76 
Hematite Pine 1.5 Bubbling 740~940 50 / 13.5~13.8 75~85 69~84 

Hematite-NiO Pine char 0.75/0.5 Fixed 1200 15 / / 55.56 / 
Hematite Pine char 2~5/0.45 Fixed 850 65 / / 21~44 / 

Hematite Pine char 3/0.45 Fixed 850 65 0.02~0.1ml/min / 56~64  
NiFe2O4 Pine char 1/0.55 Fixed 850 100 0.02~0.1ml/min / 71~88 / 

Hematite 
Sewage 
sludge 

1~5/1 Fixed 900 60 / 7.4~11.5 67~81 / 

Hematite Sewage 3/1 Fixed 800~950 60 / 8.4~9.5 62~85 / 



sludge 

Hematite 
Sewage 
sludge 

3/1 Fixed 900 60 0.006~0.05ml/min 9.1~9.3 75~88 / 

NiFe2O4-ZrO2 Pine 0.51/1 Fixed 700~900 65 / 12.1~13 47~74 / 
NiFe2O4-ZrO2 Pine 0~1.2/1 Fixed 850 65 / 7.3~16.2 54~78 / 
NiFe2O4-ZrO2 Pine 0.51/1 Fixed 850 65 0~3 11~13 71~92 / 

NiFe2O4-ZrO2 Pine 0.51/1 Fixed 850 65 
1.5 

(CO2/H2O 
=0.11~0.56)/ 

4.9~11.3 68~94 / 

Fe2O3-Al2O3 Pine 
5.8kg/ 
1.2kg/h 

Circulating 
(10kW) 

670~900 3600 / 9.3~12.2 84~94 42~61 

Wei11-14  

Fe2O3-Al2O3 Pine 
5.8kg/ 

0.7~3.7kg/h 
Circulating 

(10kW) 
850 3600 / 7.1~13.5 69~98 43~70 

Fe2O3-NiO-
Al2O3 

Pine 
5.2kg/ 
1.2kg/h 

Circulating 
(10kW) 

760~910 3600 / 12.3~13.3 84~95 64~85 

Fe2O3-NiO-
Al2O3 

Pine 
5.2kg/ 

0.8~3.7kg/h 
Circulating 

(10kW) 
850 3600 / 9.8~13.5 71~98 62~70 

Cu-Al-Zn Pine 1/1 Fixed 850 32 / 11.9 80.2 69.5 

Cu-Al-Ni Pine 1/1 Fixed 850 32 / 11.9 82.2 60.4 

Cu-Al-Ni-Zn Pine 1/1 Fixed 850 32 / 11.9 82.0 71.3 



Fe-Al Pine 1/1 Fixed 850 32 / 12.7 78.5 54.3 

Fe-Ni-Al Pine char 1/1 Fixed 850 55 / / 36.65 / 
MFe2O4 

M=Cu/Ba/Ni/Co 
Pine 2/1 Fixed 850 60 0.1ml/min / / / Chen15, 

16 
BaFe2O4 Pine 0.2/2 Fixed 750~900 60 0.02~0.14ml/min / / / 

Copper Slag 
Sewage 
sludge 

0~10/1 Fixed 900 60 / 10.7~19.4 51~73 / 
Deng17 

Copper Slag 
Sewage 
sludge 

1/1 Fixed 900 60 0~0.05ml/min 12.4~13.9 70~80 / 

Iron ore 

Eucalyptus 
wood 

1/1 Fixed 850 / / 

14.43 58 

/ Fan18 

MnFe2O4 13.42 65 
LaFeO3 14.29 60 
CoFe2O4 11.39 65 
NiFe2O4 11.72 68 
CaFe2O4 13.00 74 
Iron ore Rice husk 79.2/5 Bubbling 750~900 100 0.6ml/min / 58~71 / 

Ge19-22 
NiO-Al2O3 Rice straw / 

Circulating 
(25kW) 

650~850 / 1.2 / 90~95 / 

Hematite Rice husk / 
Circulating 

(25kW) 
800~900 / 1 / 90~99 / 

BaFe2O4-Al2O3 Sawdust 0.2~1 Bubbling 25~90 / / / 50~65  Yan23 

Hematite 
Sewage 
sludge 

0~42.6/2 Bubbling 900 20 0.75L/min / 62~79 / Chen25 



Hematite 
Sewage 
sludge 

30/2 Bubbling 750~900 20 0.75L/min / 48~79 / 

Hematite 
Sewage 
sludge 

30/2 Bubbling 900 20 0~0.75L/min / 67~79 / 

Manganese ore Sawdust 
/ 

Bubbling 
750~950 

/ / / 
47~64 

 Wang26 
0.2~1.2 900 59~62 

Hematite Pine 0.05~0.2/0.2 Fixed 800 10 / 8.8~10.9 / / 

Zeng27-

30 

Fe2O3 Pine 0.6/1 Fixed Program 100 / ~7.3 / / 
Hematite Pine 0.67/1 Fixed Program 100 / ~6.9 / / 
Red mud Pine 1.91/1 Fixed Program 100 / ~7.8 / / 

Hematite Pine 4kg/0.12kg/h Circulating 
700~880/ 

910 
30 1.5 / / 71~77 

Hematite Pine 4kg/0.12kg/h Circulating 
820/ 

700~970 
30 1.5 / / 75~82 

Hematite Pine 4kg/0.12kg/h Circulating 820/910 30 0.5~3 / / 69~77 
Fe2O3-CuO-

CAC 
Rice straw 40(Fe-Cu)/5 Bubbling 800 40 1g/min / 62~94 / 

Shen31 

Fe2O3-CuO-
CAC 

Rice straw 40/5 Bubbling 700~950 40 1g/min / 66~76 / 

Fe2O3-CuO-
CAC 

Rice straw 40/5 Bubbling 800 40 0.4~1.2g/min / 64~73 / 

Fe2O3-CuO-
CAC 

Rice straw 40~100/5 Bubbling 800 40 1g/min / 73~82 / 

Manganese ore Rice husk 0.5 Bubbling 750~950 30 50% / 30~80 / Yin32 



Fe2O3 Pine 0.25/1 Fixed 750~850 30 0 12.6~13.3 / 46~77 

Liu33 
Fe2O3 Pine 0~1/1 Fixed 850 30 0 11.1~13.3 / 64~77 

Fe2O3 Pine 0.25/1 Fixed 850 30 0~1 11~13.2 / 68~81 
Fe2O3 Pine/PE 0.25/1 Fixed 850 30 0.25 / / 77~89 

Fe2O3-CaO Pine/PE 0.25/1 Fixed 850 30 0.25 / / 88~92 

Copper ore Pine 15/1.7 Bubbling 800 10 / 5.8 26.6 83.2 
Guo34 

Hematite Pine 15/1.7 Bubbling 800 10 / 12.1 55.1 64.6 

Fe2O3-Al2O3 Pine 15/1.7 Bubbling 800 / / 12.6 81.7 60.1 

Zhao35 
CuO-CuAl2O4 Pine 15/1.7 Bubbling 800 / / 5.9 95.6 30.8 
CuO-CuAl2O4 Pine 15/1.7 Bubbling 600~850 / / 5.9~8.0 59~99 25~47 

Copper ore Pine 15/1.7 Bubbling 800 / / 5.8 83.2 26.2 
Cu-Fe oxides Pine 0.4 Bubbling 800 / 0.75 2.4~7.6 66~95 / 

Niu36, 37 
Cu5Fe5 Pine 0.4 Bubbling 500~900 / 0.75 4.9~7.6 56~97 / 
Cu5Fe5 Pine 0.4 Bubbling 800 / 0.4~1.25 7.3~7.9 72~95 / 
Cu5Fe5 Pine 0~0.8 Bubbling 800 / 0.75 4.7~10.4 66~97 / 
Hematite Pine 0~0.4 Bubbling 800 / 0.15ml/min / 58~78 60~70 

Jin38 Hematite Pine 0.2 Bubbling 800 / 0~0.3ml/min / 68~77 65~70 
Hematite Pine 0.2 Bubbling 700~950 / 0.15ml/min / 56~85 60~79 
CoFe2O4 Pine 0.4~3.2 Fixed 900 / / 6~15 12~29 12~25 

Wang39, 

40 
CoFe2O4 Pine 0.8 Fixed 900 / 30~50% 12~13 41~60 42~54 
CoFe2O4 Pine 0.8 Fixed 700~900 / 50% 11~12 50~70 38~79 

Fe2O3 Algae 0~0.4 Fixed 850 10 0.0432g/min 11.6~14.2 62~77 68~81 Liu41-46 



Fe2O3 Algae 0.25 Fixed 700~900 10 0.432g/min 10.2~12.1 57~78 53~82 
Fe2O3 Algae 0.25 Fixed 850 10 0~0.072g/min 11.7~14.7 67~71 52~82 

CaFe2O4 Algae / Fixed 650~850 30 / / / 34~89 
Ca2Fe2O5 Algae / Fixed 650~850 30 / / / 38~92 

CaFe2-xCoxO5 Algae 1/3 Fixed 850 20 50ml/min 11.4~16.3 59~78 69~91 

Fe2O3-CaO Algae 0.834/0.25 Fixed 600~850 30 / 13.3~14.9 / 16~66 

Ca2Fe2O5 
(Mg/Al/Zn) 

Algae 0.4 Fixed 850 20 50ml/min 11~13 73~84 80~95 

Ca2-xSrxFe2O5 Algae 1/3 Fixed 850 20 0.024g/min 13~15 60~82 70~99 
Fe2O3(K-doped) Rice straw 0.25 Fixed 900 30 0.03g/min / / 57~85 Liao47 

Fe2O3 Rice straw 0~0.4 Fixed 850 30 / / 55~81 53~58 

Wu48, 49 Fe2O3 Rice straw 0.2 Fixed 700~900 30 / / 46~87 33~63 
Fe2O3-CaO Rice straw / Fixed 850 30 0~0.048g/min / 90~92 67~95 
Fe2O3-CaO Rice straw / Fixed 600~850 30 0.288g/min / 15~92 27~95 

Mn-Fe-Al2O3 Rice straw 0.2 Fixed 650~850 25 0.0432g/min / 44~94 34~90 
Chen50 Mn-Fe-Al2O3 Rice straw 0.2 Fixed 850 25 0~0.072g/min / 75~95 63~93 

Mn-Fe-Al2O3 Rice straw 0~0.3 Fixed 850 25 0.0432g/min / 83~95 83~93 

Fe2O3 
Algae 

(microwave) 
0.5/0.5 Fixed 800 20 / / 77~87 57~72 Hu52, 53 

Fe2O3-Al2O3 Rice straw 1/1 Fixed 750~950 10 2.8 / 66~88 / 
Hu54-56 

Fe2O3-Al2O3 Rice straw 1/1 Fixed 900 5~25 2.8 / 66~85 / 



a OC/B, the mass ratio of OC/biomass for the fixed/bubbling fluidized bed or the OC mass/biomass feeding rate. 
bRt, reaction time for gasification. 
c H2O, the additional reactant gas presenting in three forms, such as the mass ratio of steam/biomass, the steam concentration in the flow, the steam 
feeding rate. 
 
 
 

Reference 
1. He, F.; Huang, Z.; Li, H.; Zhao, Z., Biomass Direct Chemical Looping Conversion in a Fluidized Bed Reactor with Natural Hematite as an 
Oxygen Carrier. Asia-Pacific Power and Energy Engineering Conference 2011, 1, 1-7. 
2. Huang, Z.; He, F.; Li, H.; Zhao, Z., Synthesis gas generation by chemical-looping gasification of biomass using natural hematite as oxygen 
carrier. Journal of Fuel Chemistry and Technology 2012, 40, (3), 300-308. 

Fe2O3-Al2O3 Rice straw 1/1 Fixed 900 20 2~4.8 / 76~95 / 

Fe2O3-ATP-K 
Coffee 
ground 

1/1 Bubbling 900 60 0.23g/min / 72~86 / 

Zhang58 Fe2O3-ATP-K 
Coffee 
ground 

1/1 Bubbling 800~900 60 0.23g/min / 62~86 60~96 

Fe2O3-ATP-K 
Coffee 
ground 

0.25~2 Bubbling 900 60 0.23g/min / 57~93 61~95 

Fe2O3-ATP-
Al2O3 

Activated 
Carbon 

/ Bubbling 750~900 60 / / 46~90 35~98 Wang59 

CuFe2O4-ATP 
Kitchen 
waste 

0~1 Bubbling 850 60 1g/min / 64~85 57~78 Wang60 



3. Huang, Z.; He, F.; Li, X. a.; Zhao, K.; Li, H.; Zhao, Z., Syngas generated by chemical-looping gasification of biomass using Fe2O3 as oxygen 
carriers in presence of steam. Acta Energiae Solaris Sinica 2013, 34, (12), 2056-2062. 
4. Huang, Z.; He, F.; Feng, Y.; Zhao, K.; Zheng, A.; Chang, S.; Wei, G.; Zhao, Z.; Li, H., Biomass Char Direct Chemical Looping Gasification 
Using NiO-Modified Iron Ore as an Oxygen Carrier. Energy & Fuels 2014, 28, (1), 183-191. 
5. Huang, Z.; He, F.; Zhao, K.; Feng, Y.; Zheng, A.; Chang, S.; Zhao, Z.; Li, H., Natural iron ore as an oxygen carrier for biomass chemical 
looping gasification in a fluidized bed reactor. Journal Of Thermal Analysis And Calorimetry 2014, 116, (3), 1315-1324. 
6. Huang, Z.; Zhang, Y.; Fu, J.; Yu, L.; Chen, M.; Liu, S.; He, F.; Chen, D.; Wei, G.; Zhao, K.; Zheng, A.; Zhao, Z.; Li, H., Chemical looping 
gasification of biomass char using iron ore as an oxygen carrier. International Journal Of Hydrogen Energy 2016, 41, (40), 17871-17883. 
7. Huang, Z.; Deng, Z.; He, F.; Chen, D.; Wei, G.; Zhao, K.; Zheng, A.; Zhao, Z.; Li, H., Reactivity investigation on chemical looping gasification 
of biomass char using nickel ferrite oxygen carrier. International Journal Of Hydrogen Energy 2017, 42, (21), 14458-14470. 
8. Huang, Z.; Xu, G.; Deng, Z.; Zhao, K.; He, F.; Chen, D.; Wei, G.; Zheng, A.; Zhao, Z.; Li, H., Investigation on gasification performance of 
sewage sludge using chemical looping gasification with iron ore oxygen carrier. International Journal Of Hydrogen Energy 2017, 42, (40), 25474-
25491. 
9. He, F.; Huang, Z.; Wei, G.; Zhao, K.; Wang, G.; Kong, X.; Feng, Y.; Tan, H.; Hou, S.; Lv, Y.; Jiang, G.; Guo, Y., Biomass chemical-looping 
gasification coupled with water/CO2-splitting using NiFe2O4 as an oxygen carrier. Energy Conversion And Management 2019, 201. 
10. Lin, Y.; Wang, H.; Huang, Z.; Liu, M.; Wei, G.; Zhao, Z.; Li, H.; Fang, Y., Chemical looping gasification coupled with steam reforming of 
biomass using NiFe2O4: Kinetic analysis of DAEM-TI, thermodynamic simulation of OC redox, and a loop test. Chemical Engineering Journal 
2020, 395, 125046. 
11. Wei, G.; He, F.; Huang, Z.; Zheng, A.; Zhao, K.; Li, H., Continuous Operation of a 10 kW(th) Chemical Looping Integrated Fluidized Bed 
Reactor for Gasifying Biomass Using an Iron-Based Oxygen Carrier. Energy & Fuels 2015, 29, (1), 233-241. 
12. Wei, G.; He, F.; Zhao, Z.; Huang, Z.; Zheng, A.; Zhao, K.; Li, H., Performance of Fe-Ni bimetallic oxygen carriers for chemical looping 
gasification of biomass in a 10 kWth interconnected circulating fluidized bed reactor. International Journal Of Hydrogen Energy 2015, 40, (46), 
16021-16032. 
13. Wei, G.; He, F.; Zhao, Z.; Zhao, W.; Huang, Z.; Zheng, A.; Zhao, K.; Feng, Y.; Li, H., Chemical looping gasification of biomass based on the 
oxygen carrier derived from the layered double hydroxide (LDH) precursor. Journal of Fuel Chemistry and Technology 2016, 44, (3), 349-356. 



14. Wei, G.; He, F.; Zhao, W.; Huang, Z.; Zhao, K.; Zhao, Z.; Zheng, A.; Wu, X.; Li, H., Experimental Investigation of Fe-Ni-Al Oxygen Carrier 
Derived from Hydrotalcite-like Precursors for the Chemical Looping Gasification of Biomass Char. Energy & Fuels 2017, 31, (5), 5174-5182. 
15. Chen, J.; Zhao, K.; Zhao, Z.; He, F.; Huang, Z.; Wei, G., Identifying the roles of MFe2O4 (M=Cu, Ba, Ni, and Co) in the chemical looping 
reforming of char, pyrolysis gas and tar resulting from biomass pyrolysis. International Journal Of Hydrogen Energy 2019, 44, (10), 4674-4687. 
16. Chen, J.; Zhao, K.; Zhao, Z.; He, F.; Huang, Z.; Wei, G.; Xia, C., Reaction schemes of barium ferrite in biomass chemical looping gasification 
for hydrogen-enriched syngas generation via an outer-inner looping redox reaction mechanism. Energy Conversion And Management 2019, 189, 
81-90. 
17. Deng, Z.; Huang, Z.; He, F.; Zheng, A.; Wei, G.; Meng, J.; Zhao, Z.; Li, H., Evaluation of calcined copper slag as an oxygen carrier for 
chemical looping gasification of sewage sludge. International Journal Of Hydrogen Energy 2019, 44, (33), 17823-17834. 
18. Fan, Y.; Tippayawong, N.; Wei, G.; Huang, Z.; Zhao, K.; Jiang, L.; Zheng, A.; Zhao, Z.; Li, H., Minimizing tar formation whilst enhancing 
syngas production by integrating biomass torrefaction pretreatment with chemical looping gasification. Applied Energy 2020, 260, 114315. 
19. Ge, H.; Guo, W.; Shen, L.; Song, T.; Gu, H.; Jiang, S., Experiments on Chemical Looping Gasification of Biomass With Natural Hematite as 
Oxygen Carrier. Journal of Engineering Thermophysics 2015, 36, (6), 1371-1375. 
20. Ge, H.; Shen, L.; Feng, F.; Jiang, s., Experiments on biomass gasification using chemical looping with nickel-based oxygen carrier in a 
25 kWth reactor. Applied Thermal Engineering 2015, 85, 52-60. 
21. Ge, H.; Guo, W.; Shen, L.; Song, T.; Xiao, J., Biomass gasification using chemical looping in a 25kWth reactor with natural hematite as 
oxygen carrier. Chemical Engineering Journal 2016, 286, 174-183. 
22. Ge, H.; Guo, W.; Shen, L.; Song, T.; Xiao, J., Experimental investigation on biomass gasification using chemical looping in a batch reactor 
and a continuous dual reactor. Chemical Engineering Journal 2016, 286, 689-700. 
23. Yan, J.; Sun, R.; Shen, L.; Bai, H.; Jiang, S.; Xiao, Y.; Song, T., Hydrogen-rich syngas production with tar elimination via biomass chemical 
looping gasification (BCLG) using BaFe2O4/Al2O3 as oxygen carrier. Chemical Engineering Journal 2020, 387, 124107. 
24. Xue, N.; Wang, Z.; Wu, J.; He, T.; Zhang, J.; Li, J.; Wu, J., Effect of equivalence ratio on the CO selectivity of Fe/Ca-based oxygen carriers 
in biomass char chemical looping gasification. Fuel 2019, 252, 220-227. 
25. Chen, Q.; Shen, L.; Niu, X., Research on Chemical Looping Gasification of Sewage Sludge. Journal of Chinese Society of Power Engineering 
2016, 36, (8), 658-663. 



26. Wang, S.; Song, T.; Yin, S.; Hartge, E.-U.; Dymala, T.; Shen, L.; Heinrich, S.; Werther, J., Syngas, tar and char behavior in chemical looping 
gasification of sawdust pellet in fluidized bed. Fuel 2020, 270, 117464. 
27. Zeng, J.; Xiao, R.; Zhang, S.; Zhang, H.; Zeng, D.; Qiu, Y.; Ma, Z., Identifying iron-based oxygen carrier reduction during biomass chemical 
looping gasification on a thermogravimetric fixed-bed reactor. Applied Energy 2018, 229, 404-412. 
28. Zeng, J.; Xiao, R.; Zhang, H.; Chen, X.; Zeng, D.; Ma, Z., Syngas production via biomass self-moisture chemical looping gasification. Biomass 
& Bioenergy 2017, 104, 1-7. 
29. Zeng, J.; Xiao, R.; Zeng, D.; Zhao, Y.; Zhang, H.; Shen, D., High H2/CO Ratio Syngas Production from Chemical Looping Gasification of 
Sawdust in a Dual Fluidized Bed Gasifier. Energy & Fuels 2016, 30, (3), 1764-1770. 
30. Zeng, J.; Xiao, R.; Heng, L.; Zeng, D.; Shao, S., Chemical Looping Gasification of Biomass for High H2/CO Ratio Syngas. Journal of 
Combustion Science and Technology 2016, 22, (3), 229-235. 
31. Shen, T.; Ge, H.; Shen, L., Characterization of combined Fe-Cu oxides as oxygen carrier in chemical looping gasification of biomass. 
International Journal Of Greenhouse Gas Control 2018, 75, 63-73. 
32. Yin, S.; Shen, L.; Dosta, M.; Hartge, E.-U.; Heinrich, S.; Lu, P.; Werther, J.; Song, T., Chemical Looping Gasification of a Biomass Pellet with 
a Manganese Ore as an Oxygen Carrier in the Fluidized Bed. Energy & Fuels 2018, 32, (11), 11674-11682. 
33. Liu, Q.; Hu, C.; Peng, B.; Liu, C.; Li, Z.; Wu, K.; Zhang, H.; Xiao, R., High H2/CO ratio syngas production from chemical looping co-
gasification of biomass and polyethylene with CaO/Fe2O3 oxygen carrier. Energy Conversion And Management 2019, 199. 
34. Guo, L.; Zhao, H.; Zheng, C., Synthesis Gas Generation by Chemical-Looping Reforming of Biomass with Natural Copper Ore as Oxygen 
Carrier. Waste and Biomass Valorization 2014, 6, (1), 81-89. 
35. Zhao, H.; Guo, L.; Zou, X., Chemical-looping auto-thermal reforming of biomass using Cu-based oxygen carrier. Applied Energy 2015, 157, 
408-415. 
36. Niu, P.; Ma, Y.; Tian, X.; Ma, J.; Zhao, H., Chemical looping gasification of biomass: Part I. screening Cu-Fe metal oxides as oxygen carrier 
and optimizing experimental conditions. Biomass and Bioenergy 2018, 108, 146-156. 
37. Tian, X.; Niu, P.; Ma, Y.; Zhao, H., Chemical-looping gasification of biomass: Part II. Tar yields and distributions. Biomass and Bioenergy 
2018, 108, 178-189. 
38. Jin, X.; Wang, X.; Hu, Z.; Xiao, B.; Liu, S., Syngas prepared by chemical looping gasification of pine sawdust. Environment Engineering 



2019, 37, (1), 147-152. 
39. Wang, X.; Liu, J.; Liu, F.; Yang, Y., Characteristics of biomass chemical looping gasification with CoFe2O4 as oxygen carrier. CIESC Journal 
2019, 70, (4), 1583-1590. 
40. Wang, X.; Liu, J.; Liu, F., Thermodynamic analysis and experimental studies on chemical looping gasification of biomass with CoFe_2O_4 
as oxygen carrier. Journal of Fuel Chemistry and Technology 2019, 47, (3), 306-311. 
41. Liu, G.; Liao, Y.; Wu, Y.; Ma, X.; Chen, L., Characteristics of microalgae gasification through chemical looping in the presence of steam. 
International Journal Of Hydrogen Energy 2017, 42, (36), 22730-22742. 
42. Liu, G.; Liao, Y.; Wu, Y.; Ma, X., Application of calcium ferrites as oxygen carriers for microalgae chemical looping gasification. Energy 
Conversion And Management 2018, 160, 262-272. 
43. Liu, G.; Liao, Y.; Wu, Y.; Ma, X., Reactivity of Co-doped Ca2Fe2O5 brownmillerite oxides as oxygen carriers for microalgae chemical looping 
gasification. International Journal Of Hydrogen Energy 2018, 44, (5), 2546-2559. 
44. Liu, G.; Liao, Y.; Wu, Y.; Ma, X., Synthesis gas production from microalgae gasification in the presence of Fe2O3 oxygen carrier and CaO 
additive. Applied Energy 2018, 212, 955-965. 
45. Liu, G.; Liao, Y.; Wu, Y.; Ma, X., Enhancement of Ca2Fe2O5 oxygen carrier through Mg/Al/Zn oxide support for biomass chemical looping 
gasification. Energy Conversion And Management 2019, 195, 262-273. 
46. Liu, G.; Liao, Y.; Wu, Y.; Ma, X., Evaluation of Sr-substituted Ca2Fe2O5 as oxygen carrier in microalgae chemical looping gasification. Fuel 
Processing Technology 2019, 191, 93-103. 
47. Liao, Y.; Zhang, H.; Wu, Y.; Liu, G.; Ma, X., Investigation of the Influence of Potassium on Biomass Chemical Looping Gasification. Journal 
of South China University of Technology. Natural Science Edition 2018, 46, (4), 67-74. 
48. Wu, Y.; Liao, Y.; Liu, G.; Ma, X., Syngas production by chemical looping gasification of biomass with steam and CaO additive. International 
Journal Of Hydrogen Energy 2018, 43, (42), 19375-19383. 
49. Wu, Y.; Liao, Y.; Liu, G.; Ma, X.; Zhang, H., Reactivity investigation on biomass chemical looping conversion for syngas production. Journal 
Of the Energy Institute 2019, 92, (4), 1137-1148. 
50. Chen, Z.; Liao, Y.; Liu, G.; Mo, F.; Ma, X., Application of Mn-Fe Composite Oxides Loaded on Alumina as Oxygen Carrier for Chemical 
Looping Gasification. Waste And Biomass Valorization 2019. 



51. Hu, Q.; Shen, Y.; Chew, J. W.; Ge, T.; Wang, C.-H., Chemical looping gasification of biomass with Fe2O3/CaO as the oxygen carrier for 
hydrogen-enriched syngas production. Chemical Engineering Journal 2020, 379, 122346. 
52. Hu, Z.; Ma, X.; Jiang, E., The effect of microwave pretreatment on chemical looping gasification of microalgae for syngas production. Energy 
Conversion And Management 2017, 143, 513-521. 
53. Hu, Z.; Jiang, E.; Ma, X., Microwave pretreatment on microalgae: Effect on thermo-gravimetric analysis and kinetic characteristics in chemical 
looping gasification. Energy Conversion And Management 2018, 160, 375-383. 
54. Hu, J.; Li, C.; Guo, Q.; Dang, J.; Zhang, Q.; Lee, D.-J.; Yang, Y., Syngas production by chemical-looping gasification of wheat straw with Fe-
based oxygen carrier. Bioresource Technology 2018, 263, 273-279. 
55. Hu, J.; Li, C.; Zhang, Q.; Guo, Q.; Zhao, S.; Wang, W.; Lee, D.-J.; Yang, Y., Using chemical looping gasification with Fe2O3/Al2O3 oxygen 
carrier to produce syngas (H2+CO) from rice straw. International Journal of Hydrogen Energy 2019, 44, (6), 3382-3386. 
56. Hu, J.; Li, C.; Lee, D.-J.; Guo, Q.; Zhao, S.; Zhang, Q.; Li, D., Syngas production from biomass using Fe-based oxygen carrier: Optimization. 
Bioresource Technology 2019, 280, 183-187. 
57. Huang, X.; Wu, J.; Wang, M.; Ma, X.; Jiang, E.; Hu, Z., Syngas production by chemical looping gasification of rice husk using Fe-based 
oxygen carrier. Journal of the Energy Institute 2019. 
58. Zhang, Y.; Liu, Y.; Yang, Q.; Guo, Q., Reaction characteristics of chemical-looping gasification for waste coffee grounds. CIESC Journal 2016, 
67, (4), 1303-1312. 
59. Wang, B.; Liu, Y.; Wang, D.; Guo, Q., Chemical looping gasification of waste activated carbon for hydrogen-enriched syngas production. 
CIESC Journal 2017, 68, (9), 3541-3550. 
60. Wang, D.; Liu, Y.; Wang, B.; Guo, Q., Chemical Looping Gasification of Kitchen Waste for Syngas Production. Journal of Chemical 
Engineering of Chinese Universities 2018, 32, (1), 229-236. 
 


