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Abstract : Biochar is a carbon rich solid produced by the pyrolysis of biomass such as energy crops, forestry residues, and wood
wastes. Biochar returned to soil is to mitigate climate change and the feedstock of wood wastes reduces fossil fuel consumption
as well as disposal costs. This study was practiced to evaluate a biochar system by gasification in terms of global warming regarding
the soil application of the produced biochar. Life cycle assessment methodology was used to analyze the environmental impacts
of the system, and the functional unit was 1 tonne of wood wastes. The result shows that the biochar system by using wood wastes
as feedstock produces 4.048E-01 kgCO»-eq from the pre-treatment process as chipping and drying, 4.579E-01 kgCO;-eq from the
pyrolysis process, and 9.070E-02 kgCO,-eq from the spreading to agricultural land, therefore total 9.534E-01 kgCO,-eq are gene-
rated. About 252 kg of CO; is still stored in the produced biochar in soil after carbon offsetting of the system. Therefore, the net
carbon of the system is -251 kg of CO»-eq.
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Fig. 2. Schematic flowchart of biochar production system.
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Fig. 3. Feedstocks reported by companies producing biochar ?
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Table 1. Scales, examples, and numbers of biochar producing technologies”

Scale  Capacity (throughput) Example technology and use Numbers

Large »10 tons/day Industrial pyrolysis plant used to produce heat energy for power generation and a biochar 30
byproduct for wholesale

Mid 1-10 tons/day Mobile cqntmuous feed pyrolyzer used to convert forestry slash in situ to biochar for forest sail o9

regeneration

Small 10-1,000 kg/day Batch retort kiln used by small farmers to convert agricultural residues to biochar for retail sale via 17
niche outlets

Micro (10 kg/day High efficiency biochar-producing cookstove used in developing countries to cook meals and 8

produce biochar for home gardens
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Table 2. Characteristics of the thermochemical carbonization plant®®

Materials of plant  Value-Name Units Comments

Capacity of plant 1,400 tons year" Assuming 4,000 hours annual operating and considering 350 kW electrical power

Duration* (3 h Assuming that 1 kg of processed feedstock gives 1 kWe

Temperature 1,200 (¢

Pressure Atmospheric - Gasifier works at atmospheric pressure

By 01 e e e o e
Gas yield* 2,400 N I(ijvs C(;;?;nr%zzsle)sw aerr:n1i>y<0(;f5 cscrzlo’r\] rTr:)sonoxide and dioxide, hydrogen, methane and nitrogen, Syngas
Fate of gas Direct use - Syngas is used to power a diesel-cycle endothermic engine in order to produce electricity and heat
Oil yield No L

Other products No -

*Reference value is 1 tonne of processed feedstock
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Table 3. Inputs and outputs for TC plant®

Inputs-outputs Value-name  Units

Input energy* 300 MJ
Inputs )
Input-compressed air* 50
Total dusts (30
Outplut-leng|rl1es Carbon monoxide (300 3
emissions in ) . mgNm
atmosphere* Nitrogen oxides (as NO,) (500
Sulphur oxides (as SO5) (200

* Reference value is 1 tonne of processed feedstock (10% humidity)

**The gas clean system is associated to a closed-loop process that
recovers tar and other impurities and continuously returns these
back to the reactor,
Engines exhaust gases are treated in a three-way catalytic con-
verter reducing carbon monoxide, nitrogen oxides, and unburned
hydrocarbons, The gasifier does not produce water waste, Emission
of charcoal dusts is prevented by use of a closed dedicated extrac-
tion system. Each engine ensures the related minimum environ-
mental performance,
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Table 4. Mass balance results for wood waste treatment in pyrolysis facilities®”

Unit of output  Process effi-

Biochar Mass balance-waste Biochar output

Energy output Carbon stored in Carbon stored in biochar

(MWhe) ciency (%) yield input (tonnes) (tonnes) efficiency (MWh/tonne) biochar (tonnes) (tonnes/tonne feedstock)
1.00 25 0.10 0.80 0.08 125 0.36 0.45
1.00 25 0.35 111 0.39 0.90 0.36 0.33
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Table 5. Result of the characterization for the biochar produc-

tion system
. Chipping/ ) .
Unit drying Pyrolysis Spreading  Total
ADP 1/year 1548E-01 1767E-01 3500E-02 3.665E-01

AP kgofSO-eq 8281E-04 9382E-04 1858E-04 1.952E-03
EP  kgofPOS-eq 5.731E-05 6.414E-05 1270E-05 1.342E-04
FAETP kg of 1,4 DCB-eq 1516E-03 1.730E-03 3427E-04 3589E-03

GWP  kgof CO.-eq  4,048E-01 4579E-01 9.070E-02 9.534E-01
HTP kg of 1,4 DCB-eq 1271E-03 1,449E-03 2870E-04 3,007E-03
ODP kg of CFC11-eq 6,165E-10 7,033E-10 1.393E-10 1,459E-09
POCP kg of CoHs-eq  6.794E-05 7.478E-05 1481E-05 1575E-04
TETP kgof 1,4 DCB-eq 1,953E-08 2229E-08 4 414E-09 4 623E-08

ADP : abiotic depletion potentials

AP : acidification potentials

EP . eutrophication potentials

FAETP : freshwater aquatic ecotoxicity potentials

GWP : global warming potentials

HTP  : human toxicity potential

ODP  : ozone depletion potentials

POCP : photochemical oxidant creation potentials

TETP : terrestrial ecotoxicity potential
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Table 6. Normalized impacts of the biochar production system
according to ministry of trade, industry & energy

clggggrty Factor Unit Nﬁ:;gg:d
ADP 249 kg/person—yr2 1.473E-02
AP 398 kg SO.-eq/person-yr 4 905E-05
EP 131 kg PO,*-eq/person-yr 1.024E-05
FAETP 15 kg 1,4-DCB-eg/person-yr 2 393E-03
GWP 5,530 kg CO,-eq/person-yr 1.724E-04
HTP 1,480 kg 1,4-DCB-eq/person-yr  2.032E-06
ODP 0.0407 kg CFC-eq/person-yr 3.585E-08
POCP 103 kg CoHs-eq/person-yr 1.529E-05
TETP 1.63 kg 1,4-DCB-eg/person-yr 2 836E-08

Table 7. Result of the GWP for the biochar production system

Factor Czisji)rigg/ Pyrolysis  Spreading Total
Carbon 4039E-01 4570E-01 9051E-02 9514E-01
dioxide (CO,) : : : :
CFC-11 4,000 3443E-10 3.928E-10 7.780E-11 8.149E-10
CFC-114 9,300 8197E-10 9.353E-10 1.852E-10 1.940E-09
CFC-12 8500 1573E-10 1795E-10 3.555E-11 3.724E-10
CFC-13 11,700 1359E-10 1551E-10 3.072E-11 3217E-10
Halon-1301 5600 3451E-07 3937E-07 7.799E-08 8.168E-07
HCFC-22 1,700 3438E-11 3.923E-11 7.771E-12 8138E-11
Methane 21 8315E-04 8.894E-04 1762E-04 1897E-03
Ni”‘(”i“jcg’;ide 310 5356E-05 5731E-05 1135E-05 1222E-04
4048E-01 4579E-01 9070E-02 9534E-01
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Table 8. GWP of the biochar production system

Carbon
sequestration

Chipping/ ) )
drying Pyrolysis  Spreading Total
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