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Appendix Table 1. Physico-chemical properties of selected BCs as influenced by feedstock type and pyrolysis temperature (PT). 
Reference Feedstock PT C N C/N S P K Ca Mg VM Ash pH CEC SA 

  
 

°C % % − % g kg−1 g kg−1 g kg−1 g kg−1 % % − 
cmol 
kg−1 g m−2 

Subedi et al., 2016 Poultry litter 400 52.1 5.85 9.0 0.79 12.2 38.8 28.3 17.3 44.9 25.3 9.5 30.2 5.4 
Subedi et al., 2016 Poultry litter 600 52.8 4 13.0 0.8 15.4 58.8 35.9 24 24.7 35.4 10.4 27.5 6.3 
Subedi et al., 2016 Swine manure 400 54.9 2.23 24.6 0.24 9.7 16.2 20.3 15.7 29.9 27.5 10 52.5 5.8 
Subedi et al., 2016 Swine manure 600 57.9 1.79 32.4 0.39 15.5 35.3 28.9 21.3 17.8 34.5 10.4 18.6 10.6 
Ameloot et al., 2013a, 
2016 

Swine manure 
digestate 350 51.3 1.77 29.0 na 1.58 2.296 2.76 0.79 47.5 2.48 7.99 na 1.32 

Ameloot et al., 2013a, 
2016 

Swine manure 
digestate 700 55.5 1.97 28.2 na 2.42 2.81 4.11 1.16 14.2 2.75 9.09 na 9.02 

Cantrell et al., 2012 Dairy manure 350 55.8 2.6 21.46 0.11 10 14.3 26.7 12.2 53.5 24.2 9.2 na 1.64 
Cantrell et al., 2012 Dairy manure 700 56.7 1.51 37.55 0.15 16.9 23.1 44.8 20.6 27.7 39.5 9.9 na 186.5 
Cantrell et al., 2012 Poultry litter 350 51.1 4.45 11.48 0.61 20.8 48.5 26.6 9.46 42.3 37.7 8.7 na 3.93 
Cantrell et al., 2012 Poultry litter 700 45.9 2.07 22.17 0.63 31.2 74 40.2 14.5 18.3 46.2 10.3 na 50.9 
Cantrell et al., 2012 Swine solids 350 51.5 3.54 14.55 0.8 38.9 17.8 39.1 24.4 49.8 32.5 8.4 na 0.92 
Cantrell et al., 2012 Swine solids 700 44.1 2.61 16.90 0.85 59 25.7 61.5 36.9 13.4 52.9 9.5 na 4.11 
Cantrell et al., 2012 Turkey litter 350 49.3 4.07 12.11 0.55 26.2 40.1 40.4 8.5 42.1 34.8 8 na 2.6 
Cantrell et al., 2012 Turkey litter 700 44.8 1.94 23.09 0.41 36.6 55.9 56.1 12.4 20.8 49.9 9.9 na 66.7 

Mukome et al., 2013 Turkey litter 
700−80

0 15.6 0.78 20.0 1.072 66.1 70.5 na na na 64 10.9 24.4 21.8 

Singh et al., 2010 Paper sludge 550 31.6 0.21 
150.4

8 1.59 0.378 0.52 179 2.83 20.9 47.5 9.22 212.1 na 

Bachmann et al., 2016 
Paper sludge 
+wheat husks 500 51.1 1.39 36.76 0.116 6.054 

10.01
6 62.2 3.324 na 34.7 9.3 na 97.8 

Bachmann et al., 2016 Sewage sludge 600 18.5 2.13 8.69 0.691 
60.53

1 4.096 33.2 8.877 na 72.4 7.09 na 56.5 

Mukome et al., 2013 
Softwood 

+algal digestate 
600−70

0 58.1 0.41 141.7 
0.068

5 0.8 1.9 na na na 6.4 6.8 67 2 
Ameloot et al., 2015 Pine 400 74.4 0.25 297.6 0.00 0.029 na na na 30.2 1.05 na na 0.22 
Ameloot et al., 2015 Pine 500 81.7 0.22 371.4 0.01 0.036 na na na 19.1 1.11 na na 22.7 
Lagharai et al., 2015 Pine sawdust 400 51.7 0.86 60.1 na 17.8 78.1 270.4 na 29.2 3.2 4.2 21.5 6.2 
Usman et al., 2016 Conocarpus 400 76.2 0.42 181.4 na 1.083 9.61 na na na na 9.85 na 109.8 

Singh et al., 2010 
Eucalyptus 

wood 400 69.7 2.6 26.81 0.028 0.127 1.43 11.2 0.67 27.09 3.21 6.93 39.1 na 
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Singh et al., 2010 
Eucalyptus 

wood 550 83.6 2.1 39.81 0.049 0.217 2.36 21.3 1.08 11.98 4.42 8.82 34.8 na 
Ameloot et al., 2013a, 
2016 Willow wood 350 60.6 0.89 68.1 na 0.17 0.332 1.36 

0.080
5 35.1 0.23 6.26 na 0.68 

Ameloot et al., 2013a, 
2016 Willow wood 700 74.8 1.34 55.8 na 0.26 0.825 9.56 0.455 22.8 1.28 8.77 na 2.17 

Mukome et al., 2013 
Hardwood 

(mixed) 
370−52

0 53.3 1.96 27.2 0.592 4.7 12 na na na 15.5 6.8 44.5 95.9 

Mukome et al., 2013 
Softwood 
(mixed) 

600−70
0 68.2 0.51 133.7 0.037 1.3 2.6 na na na 2.4 7.5 26.2 25.2 

Beesley et al., 2013, 
Fellet et al., 2011 Orchard pruning 500 23.1 0.29 79.66 

0.087
4 3.69 18.5 

 
9.78 na na 10 na 141 

Genesio et al., 2015; 
Rombolà et al., 2015 Orchard pruning 500 77.8 0.91 85.49 0.048 23.3 13.9 24.9 28.7 na 19.9 9.8 101 410 
Mukome et al., 2013 Softwood (fir) 410 65.7 0.21 312.9 0.005 0.2 1.2 na na na 2.6 7.1 10 2.8 
Mukome et al., 2013 Softwood (fir) 510 83.9 0.36 233.1 0.011 0.2 1.3 na na na 3 7.3 12 165.8 

Mukome et al., 2013 
hardwood 
(mixed) 

370−52
0 87.3 0.59 148.0 0.014 0.7 8.5 na na na 5 9.2 9.1 164.1 

Mukome et al., 2013 Softwood (pine) 
500−65

0 71.2 0.91 78.2 0.048 0.8 7.2 na na na 17 7.9 3.2 4.9 
Van Zwieten et al., 
2010 Green waste 600 78 0.14 557.1 

0.003
6 0.1 0.55 1.4 0.4 na na 7.5 3.2 na 

Bachmann et al., 2016 Wood shavings 620 81.9 0.35 
234.0

0 0.042 0.765 6.763 21.7 1.724 na 11.3 9.91 na 316.1 
Subedi et al., 2016 Wood chip 1000 89.3 0.27 335.4 0 0.73 2.6 13.6 3.2 15.3 7.8 11 14.8 178.3 
Puga et al., 2015 Sugarcane straw 700 68.8 0.9 76.4 0.19 0.9 11 7.7 2 na 13.4 10.2 14.3 5 
Mukome et al., 2013 walnut shell 900 55.3 0.47 117.7 0.094 6.4 93.2 na na na 40.4 9.7 33.4 227.1 

Subedi et al., 2015 Miscanthus 
250 

(HTC) 51.6 0.23 224.3 0 0.455 1.30 4.83 6.63 75.8 6.24 5.61 1.3 5.9 
Subedi et al., 2015 Miscanthus 600 73.6 0.26 283.1 0 1.34 7.87 18.37 8.20 14.1 20.83 10.1 22.3 249.9 
PT, pyrolysis temperature; VM, volatile matter; CEC, cation exchange capacity; SA, surface area; HTC, hydrothermal carbonisation; na, not available/not analysed. 
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Appendix Table 2. Trace elements (heavy metals) composition of selected BCs as affected by feedstock type and pyrolysis temperature 
(PT). 

Reference Feedstock PT As Cd Cr Cuc Pb Mn Mo Ni Zn PAH 

  
 

°C 
mg 
kg−1 

mg 
kg−1 mg kg−1 mg kg−1 mg kg−1 

mg 
kg−1 

mg 
kg−1 

mg 
kg−1 mg kg−1 

mg 
kg−1 

Subedi et al., 2016 Poultry litter 400 na bdl na 349 12.9 1099 na 52 1164 na 
Subedi et al., 2016 Poultry litter 600 na bdl na 366 13.1 1437 na 52 1633 na 
Subedi et al., 2016 Swine manure 400 na bdl na 156 bdl 455 na 26 585 na 
Subedi et al., 2016 Swine manure 600 na bdl na 180 12.8 513 na 26 770 na 
Cantrell et al., 2012 Dairy manure 350 0.78 0.18 6.58 99 0.89 525 7.83 16.1 361 na 
Cantrell et al., 2012 Dairy manure 700 1.05 bdl 10.1 163 0.46 867 10 25.3 423 na 
Cantrell et al., 2012 Poultry litter 350 25.1 0.25 5 213 1.03 640 11 7.79 712 na 
Cantrell et al., 2012 Poultry litter 700 29.5 0.11 6.86 310 1.09 948 13 11.4 1010 na 
Cantrell et al., 2012 Swine solid 350 0.91 0.57 24.8 1538 2.6 1453 18.3 16.2 3181 na 
Cantrell et al., 2012 Swine solid 700 1.64 0.23 36.5 2446 bdl 2240 27.4 25.6 4981 na 
Cantrell et al., 2012 Turkey litter 350 138 0.72 8.31 535 2.01 710 7.16 28.6 690 na 
Cantrell et al., 2012 Turkey litter 700 166 0.73 10.4 726 bdl 986 10.1 39.6 909 na 
Domene et al., 2015 Bull manure 350 na 0.08 2.1 35.6 3.54 na na 2.36 132.9 na 
Domene et al., 2015 Bull manure 550 na 0.42 18.6 44.2 2.47 na na 14.01 319.5 na 

Domene et al., 2015 
Digested dairy 

manure 300 na bdl 2.3 47.5 24.27 na na 5.75 129.2 0.0003 

Domene et al., 2015 
Digested dairy 

manure 600 na bdl 3.1 58.3 bdl na na 3.86 200.1 0.0002 
Domene et al., 2015 Food waste 300 na bdl 6.3 41.9 41.15 na na 6.4 49.4 0.0004 
Domene et al., 2015 Food waste 600 na bdl 8.7 10.9 bdl na na 9.82 64.1 0.0001 
Bachmann et al., 
2016 

Paper sludge 
+wheat husk 500 na 0.17 8.8 28.7 17.4 127 na 7.4 57.4 0.0023 

Bachmann et al., 
2016 Sewage sludge 600 na 3.42 64.2 475 135.7 514 na 60.1 2047.8 0.0008 
Hossain et al., 2015 Waste water sludge 550 8.8 4.7 230 2100 160 na na 740 740 na 
Domene et al., 2015 Paper mill waste 300 na bdl 8.2 17.8 1.62 na na 7.09 25.71 0.0002 
Domene et al., 2015 Paper mill waste 600 na 0.002 11 21.2 13.92 na na 11.27 50.5 0.0003 
Domene et al., 2015 Oak 350 na 0.55 14.5 120.1 20.66 na na 9.1 109.1 na 
Domene et al., 2015 Oak 550 na 0.11 0.9 25.1 5.47 na na 1.23 15.1 na 
Domene et al., 2015 Pine wood 350 na 1.4 0.6 13.5 8.5 na na 1.25 20.9 na 
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Domene et al., 2015 Pine wood 550 na 0.17 4.3 65.3 36.48 na na 0.84 37.5 na 
Fellet et al., 2014 Fir tree pellet 350–400 bdl bdl bdl bdl bdl 358 bdl bdl 36 na 
Fellet et al., 2014 Fir+manure pellet 350–400 na 1.35 49.2 296 0.547 524 na 116 350 na 
Singh et al., 2010 Eucalyptus wood 400 na na na 21 na na na 4 1312 na 
Singh et al., 2010 Eucalyptus wood 550 na na na 16 na na na 23 1599 na 
Genesio et al., 2015, 
Rombolà et al., 2015 Orchard pruning 500 na na na 97 na 84 na na 104 1.1038 
Beesley et al., 2013, 
Fellet et al., 2011 Orchard pruning 500 na 0.03 24 17.1 23.3 444 na 16.6 513 na 
Kloss et al., 2014 Mixed woodchip 525 1.5 0.04 na 17.6 6 168.2 1.1 na na na 
Bachmann et al., 
2016 Wood shaving 620 na 0.06 16.3 12 2 301 na 9.4 42.8 0.0029 
Subedi et al., 2016 Wood chip 1000 na bdl na 53 13.2 397 na 40 79 na 
Domene et al., 2015 Maize stalk 350 na bdl 2.2 21.5 1.71 na na 0.98 66.1 0.0016 
Domene et al., 2015 Maize stalk 550 na 0.16 2.5 30.5 4.31 na na 2.18 87.8 0.0018 
Subedi et al., 2015 Miscanthus 600 na bdl na 52.5 13.1 656.1 na 52.5 131.2 na 

Subedi et al., 2015 Miscanthus 
250 

(HTC) na bdl na bdl 13.1 91.2 na 0.001 130 na 

IBI, 2014 Threshhold limita 12–100 1.4–39 
64–

1200 
63–

1500 70–500 na 5–20 47–600 
200–
7000 6–20 

EBC, 2012 Threshhold limitb na 1–1.5 80–90 100 
120–
150 na na 30–50 400 4–12 

PT, pyrolysis temperature, PAH, polycyclic aromatic hydrocarbon, HTC, hydrothermal carbonisation, na, not available/not analysed, bdl, below detection limit. aValues set 
by International Biochar Initiative; bvalues set by the European Biochar Certificate; a,bthe lower and upper threshold limits for each element per standard represent the 
premium and basic quality grade BCs respectively; cvalues for Cu, in italics, exceeding the threshold limit set by both certificate standards.  
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