Supplementary Information

An Experimentally Validated Selection Protocol for Biochar as
a Sustainable Component in Green Roofs
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Figure S1. Schematic representation of the lab-scale batch reactor (left) and the pilot scale reactor
(right) [1].
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Figure S2. Flow diagram for green segmentation strategy.
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Figure S3. SEM images of biomasses and biochars produced in the pilot scale reactor (T =450 °C).
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Figure S4. Growth process of Sedum Hispanicum approached as surface green coverage on sub-
strate with 5 wt. % of biochar during 31 days. Top: original image, middle: image after green seg-
mentation and bottom: image after black and white binarization.



Table S1. Band assignments of FT-IR spectra of the different biomass samples. Results of FT-IR for
MDF were previously published [2].

Wavenumber

(cm-) COF MDF PDF AB B oS Peak shape Band assignment Source
Multitude of OH stretching in the phenolic and
aliphatic structures of cellulose, hemicellulose and
3600-3100 X X X X X X Very broad lignin. When N is present in higher concentrations [3]
(COF, MDF and AB), NH stretching vibrations are also
found.

2950’22895205 and X X X X X X Shg;llljdbelg ;:girp Symmetric and asymmetric C-H stretching vibrations [3, 4]
1736 X X X X X X Broad C=0 stretch hemicellulose [4]
1643 X X X X X X Broad OH-bending of absorbed water [5]
1608 X X X X X X Broad C=C symmetric stretching of aromatic ring systems
1539 X X X X Weak C=C stretch in a nitrogen based ring [6]
1513 X X X X X X Weak Aromatic ring vibration in lignin [5]
1455 X X X X X X Weak CHs and CH, deformation [3, 5]
1425 X X X X X X Weak HCH and OCH in plane bending vibration of cellulose [3]
1371 X X X X X X Weak CH and OH bending [3]
1321 « « x « « " Weak CH; wagging in cellulose a.nd hemicellulose or OH 3]

bending
1262 X X X X Sharp aromatic ring vibration of guaiacyl lignin [3]
1240 « « « « « « Broad C-O stretch anfi O-Hin plar'me ber.1dir.1g in 4]
polysaccharides and syringyl lignin
1155 X X X X X X Shoulder C-O-C band vibration in cellulose and hemicellulose [3, 5]
1106 X X X X X X shoulder O-H band vibration in cellulose and hemicellulose [3, 5]
1050 X X X X X Shoulder C-O stretching in holocellulose [7]
aromatic C-H in plane deformation of guaiacyl lignin

1033 X X X X X X Very sharp arl’qd C-0 deformation g yilig [3-5]
393 « « N « « « Weak COC, CCO and CH deformation in cellulose and (5]

hemicellulose
808 X X X X X X Weak C-H bending
772 X X X X X X Weak C-H bending

718 X X X X Weak Ca-0 bonds [8]




Table S2. Band assignments of FT-IR spectra of the different biochar samples, adapted from [2, 9-
12]. Results of FT-IR for MDF were previously published [2].

Trend with
Wavenumber (cm) COF MDEF PDF AB TB (O8] increasing Band assignment
temperature
Multitude of OH-stretching frequencies in
phenolic and aliphatic structures of degradation
3600-3100 X X X X X - products of cellulose, hemicellulose and lignin or
N-H stretching in biomasses with enhanced N
content
3025 X X + Csp2-H stretching vibration of aromatic structures

C-H symmetric and asymmetric bond stretching

2950,2925 and 2850 X X X X X - ; . . . .
in aliphatic and alicyclic components

2175 X + Nitrile groups

C=0 stretching vibrations as found in

1700-1600 X X x X X B degradation products of hemicellulose
1580 X X X X X Normalized C=0 stretching of aromatic moieties
1435 X ++ C=C stretching of aromatic moieties
1420 X X X ++ CaCOs and other carbonates like K2COs
1375 X X -- C-H deformation
1300-1100 X X -- C-N and C-O functionalities
1160 X X X - C-O stretching
1107 X ++ Si-O bonds*
1020 X X X ++ Aromatic ethers
875 (High ash biomass) X X X ++ CaCO:s and other carbonates like K2COs
875 (Low ash biomass) X X X ++ Aromatic C-H bending
810 X ++ Aromatic C-H bending
755 X X ++ Aromatic C-H bending
718 X X X ++ CaCO:s and other carbonates like K2COs
675 X X X X ++ Aromatic C-H out of plane bending
620 X X X ++ Aromatic C-H out of plane bending




Table S3. Heavy metal concentrations in all biochars.

As (mg/kg) Cd (mg/kg) Cr (mg/kg) Cu (mg/kg) Hg (mg/kg) Ni (mg/kg) Pb (mg/kg) Zn (mg/kg)
COF350 <100 <10 <20 213 +12 <100 <20 <100 108 £2
COF450B <100 <10 <20 235+ 10 <100 <20 <100 108 +5
COF500 <100 <10 <20 292+3 <100 <20 <100 122 +1
COF550 <100 <10 <20 248 +5 <100 <20 <100 110 =1
COF450C <100 <10 <20 195+2 <100 <20 <100 912
MDEFE350 <100 <10 <20 24 +1 <100 <20 <100 28+1
MDF450B <100 <10 <20 19+1 <100 <20 <100 271
MDF500 <100 <10 25+2 32+4 <100 <20 <100 52+4
MDF550 <100 <10 <20 501 <100 <20 <100 57 +4
MDF450C <100 <10 <20 211 <100 <20 <100 <20
PDF350 <100 <10 1051 <20 <100 121 + 8 <100 <20
PDF450B <100 <10 39+6 <20 <100 <20 <100 <20
PDF500 <100 <10 30 =1 <20 <100 <20 <100 <20
PDF550 <100 <10 108 £5 <20 <100 <20 <100 <20
PDF450C <100 <10 <20 28+2 <100 <20 <100 69+1
AB350 <100 <10 124 +4 87+1 <100 481+ 11 488 + 10 485 + 49
AB450B <100 <10 135+1 123+7 <100 524 +42 534 + 40 572 + 36
AB500 <100 <10 135+4 105+1 <100 589 + 50 599 + 60 553 £ 25
AB550 <100 <10 155+5 149 + 11 <100 1372 £20 1402 + 26 976 + 34
AB450C <100 <10 1412 1618 <100 <20 321+27 315+ 19
TB350 <100 <10 <20 31+1 <100 <20 <100 159+7
TB450B <100 <10 <20 271 <100 <20 <100 145+4
TB500 <100 <10 24 +2 33+7 <100 <20 <100 135+8
TB550 <100 <10 25+3 42+5 <100 <20 <100 130+2
TB450C <100 <10 <20 29+1 <100 <20 <100 148 +3
0S350 <100 <10 <20 261 <100 <20 <100 <20
0S450B <100 <10 <20 25+1 <100 <20 <100 <20
0OS500 <100 <10 67 +13 29+2 <100 <20 <100 <20
0OS550 <100 <10 73+ 14 503 <100 55+1 <100 212
05450C <100 <10 <20 22+1 <100 <20 <100 <20
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