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First cascade process
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Hot water extraction

Bark was extracted in 3 | flow-through
reactor

Spruce and pine bark were extracted

Temperature 75 °C, 150 ml/min flow-
through

3 pine samples 500 - 900 g
> 2 kg of HW extracted pine bark
Bark is used further in process

Extracts for adhesives, water treatment,
iIngredients,...
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Pyrolysis

Bark was dried at 40 °C
Slow pyrolysis ~443 °C, 60 min

Gas, liquid and solid fractions were
collected

Gas for energy
Tar with high energy content
Biochar, various applications Siow

pyrolysis
Tar free liquid fraction to enhance methane
production in AD process

Tar free

pyrolysis
conden-

hot
water
extracted
bark
residue

Biochar,
gas and tar

fractions

© NATURAL RESOURCES INSTITUTE FINLAND 9.11.2021



Anaerobic digestion

Both HW extracted and untreated pine
bark were used

Pyrolysis liquid was also digested
Cumulative CH, production was measured

© NATURAL RESOURCES INSTITUTE FINLAND

hot
water
extracted
bark
residue

Tar free
pyrolysis
conden-
sate

9.11.2021



First cascade: Hot water flow-through extractions

Hot water extracted at 75 °C
81 — 88 mg/g of spruce bark
62 — 65 mg/g of pine bark

Most of hemicelluloses, lignin and cellulose
was unaffected in bark residues
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Second cascade process

J Hot water extraction at 90 °C and 140 °C
d Tannins and hemicelluloses

O Hot water extraction at 90 °C and Na,CO;
extraction at 140 °C

d Tannins and lignin

O Effects on further pyrolysis, anaerobic
digestion
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Pyrolysis
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Extaction yields of the second cascade

Extract Temperature Tin.1e Extract TDS extract
(°C) (min) (kg) (%)
HWE 91 60 224.5 0.65 42.7
HWE 141 60 235 1.64 117.9 160.6
HWE 92 60 251.5 0.46 35
Na,COs3 142 60 218.5 3.78 228.1 263.1
o
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Bark after extraction

Original pine bark 2 x Hot water extracted HWE + Na,CO,
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Anaerobic digestion

Pine bark 53
HWE 90 °C 99
Pine bark 97
HWE 90 °C + HWE 140 °C 84
HWE 90 °C + Na»CO3 140 °C 149
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Anaerobic digestion

O Pine bark yield were higher in second cascade
O Fresh bark winter bark was used in first cascade experiment

0 Had higher HW extraction yield = more inhibiting compounds in original
material?

O HWE yield was higher in 1st cascade

0 Two HW extraction (90 °C+ 140 °C) removed inhibiting compounds but
second also removed hemicelluloses and lignin

O Highest yield (149 m3/tVS) was for HWE 90 °C+ Na,CO; 140 °
d HWE removed inhibiting tannins
d Na,CO; dissolved lignin and hemicelluloses
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Pine bark fractions after pyrolysis
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Pyrolysis 2nd cascade

_ Before drying After drying

Mass WENS

Pine bark 1000 488.50 21836 511.50 466.81 446.08

HW extracted pine bark 1000 223.80 49.15 776.20 213.06 202.83

Na,COs extracted pine bark 1000 186.30 33.37 813.70 179.78 173.49
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Pyrolysis 2nd cascade

| @ es | Biocha

Pine bark 79646.85 509.81 65% 14962 15%

Hot water extracted pine bark 3244349 22319 75% 157.05 16 %

Na,COs extracted pine bark 34360.59 246.03 83 % 100.15 10 %
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Pyrolysis 2nd cascade

Liquid t

Pine bark 104.68 10 % 101.37 91.20 9 % 761.31

Hot water extracted pine bark 36.23 4% 125.29 5248 5% 432.17

Na,COs extracted pine bark  39.05 4% 21873 35414 % 289.21
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Conclusions

O HW extraction, 2 x HW extraction and HW +
Na,CO; treatments produced unique pine bark
fractions

O Hot water removed compounds that inhibit
anaerobic digestion

d Original pine bark pyrolysis produced more
biochar, liquids and tar than treated fractions
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