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Biochar for soil carbon sequestration
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Abstract : Biochar is charred materials generated during pyrolysis processes in the absence of oxygen using biomass, resulting in
high carbon contents. In recent years, biochar has attracted more increasingly due to its potential role in carbon sequestration,
renewable energy, waste management, soil amendment for agricultural use, and environmental remediation. Since biochar has a
long-term stability in soil for thousands of years, biochar can be carbon negative compared to carbon-neutral biomass energy that
decomposes eventually. Moreover, when biochar is applied to soil, crop production can be largely improved due to its high pH
and its superior ability to retain water and nutrients. This paper review the research trends of biochar including the principles of
carbon sequestration by biochar, its physico-chemical properties, and its applications on agricultural and environmental area.
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Figure 1. Number of papers with the keyword of ‘biochar’ publi-
shed in the scopus database.
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Figure 2. Motivation for applying biochar technology, reproduced
from ref[4].
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Figure 3. Comparison of carbon negative biochar sequestration to carbon neutral photosynthesis[2], with permission from the publisher.
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Figure 4. Overview of the sustainable biochar concept[14], with permission from the publisher.
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Figure 5. The diagram of the global carbon cycle in billions of tons of carbon per year[15].

VA2 ARgshe --Hot g AhEo] o, Ao g FH= BFos S0k, ol A B vjAEel sl &
dFe 2% AT = e A= S5 sfEfo] 7|2 viEFHo=ZHN e o|FA "5 EF
EY gas F2 A9 slojy e R 2 2 Soi7t A= vpejem A F ZEjA g4 C 1~5d ¢
A AT B ' ©F 2,300 Gt Hr-skal Qo] A=0] 287 HaL, BlEs g4 C A dollA 3 97iA =
H{8FAL = 550 Grofuf di7]7F Bf-8kal = 800 Gtk A 4 2, %&ﬁii— ‘21 5~1099) F7] 2 =8}
ZyzF 42u9F 299 o @rk(Figure 5)([15]. vid 120 Gto] © ASR= AL Jul6). 7129 2o # e A
7F A= gl sl 22 Eo] vk A&9 Hio|emj oS =¥ = —’FE}EEH ?_Vé@rlﬂ 7= i E

2 507kl Wk SFof ofsf ojiteleiaR thA] tf 7| 2 Hy 8|7} ﬁP‘fH tiqte] & ke Jlon, AA| EqfolM ] Zaf &
SH AE Hlolemfiz 22 60 Gto] g e = 4R R AR AR e 17]. vhol e b=



ok} ol 2l 0 ol RET < sl ole
24

%621 24 Gto]
7} H}ouax}i AE 4 drH2). @, A49] “slash-and-
bum” (-5 Bl A Eo]l - FHTtL AFo] oFsfA|

H AAS glolok sk s W) BG4l “slash-and-
char’2 WA31E 02 Gt, %9 2 A #7222 E 0.16 Gto
S AT 5 dokar 18] A AlA|S] FE A= oF 15
x 10" ha A= Qe Ao 2 =A%, Gaunt et al.[19]2] AAF
of o3t 10of g4 o] o upo] @ 2Hg A-E-3trhil &
o 0.65 Gt/yrof sjattial 3o

o

3.2. 7|E} 2AI7A HZ
71&2] Blol@uff A A2 dut A 9 HE9] Hiol e
o2 #7550 - o mi ol &Sk, |71 EEollA
= HEHCHy) B3 oF7|3it) 3HH A4 o] B2 éL
H7]E2] 9 EafE o] wgholu; oA AN0)E A4S
= Atk o]#HE CHe NoO+= A|E-2145}2] 4=(global warming
potential, GWP)7} CO,¢|| ]3| 2tz 258} 298ujjof o]= 7
A dste] v 2= FFe] "R Atk NoO= A7-4] CO, 2
4\}7}% AASE B &3 2] 8%, CHa= 14%9] &3t} Yanai et
vho] @25 A 2lgh ¢ N,O 'HAisfo] 7] 7]&2
i 15% —,—v—__i ATk aL gk Eokoll A N,O7}F ¥hAy
sl 7|Zo R 1) AL 5714 oA ¢tk o]9] of
At o] 2o 7o) sty o FAHE, 2) A4S Alate] 2
WS W Ak Freoll A 2 FAARSE Aol ofsf obdAt o]
Lo] ARLLA R AFRE]= apA oA HHAY ,3) 23 vk o
714 ZANA AAF o] 20|} oA AL o] 9] Y T of A
WAESECH20]. o] 23 7] 2F 220 A DeLuca et al.[21]0] &]3}hH
Hholeaks H7istd Aikslrt esle Srtshe 2aE dol
A4kt Aol o3t NoO AR Frae= obd Zle= Kol
NO 2l n|=9] 7tz Hol 2 vk Asfio] oJgt Zlo
&2 A5k QIHHs]. HioleAE H7bstA HH EFe] 2R
7] A&7} F7be Euk obyel, Hioleate] & Ve dom
sl =k gh7]/do] F7tsHAl Hrh o] AL 7% ke
B Wi o5& FHXSHA HaL, we BAEE AAsk= =8
HRAR Aoz A5k gli6]. o2t e ollA= N0

-|-‘

300~1,000 C& 7195 < o] &3t} dEe W
Ao wat ZA oS3 Zo] FEE 4= Sk

M R

6]] =7 7}Y9 £%(5~7 K/min)
£ 74 £%(~300 K/min)
ol 0% e A9 S BE HE Ak

b1y

o
)
ot
e
e

ol

fiu
>
x
[
rr
ki
o =
e

d &=7 =ea, 2T WES
H]&2 %ﬂﬁhﬂr(Table D[22]. whabA]
Z A}g-3}a, Hfol
—5_'— e ALt o
H} Q2 =82 20~50%
ch. Hpo] @ 2}e] A —F&% e
7]%_".—% 5]"6]'1:]— Hho| & oﬂ_‘c—__ BN
o] gg=RA 4k oﬂAEﬂé, s
sEghshar Qlal, }0127} L CO, CO,, Hy, CH, B2
ol P&}l i vlol oAk by, Az 7L A S
& dwaf whgrlo] FolEa, WS Tt AAE
2 Ao]-g= 4= QIrk(Figure 6)[23]. Hio] 2. 0 AR

2R AGHAY A% F $5502 A5

ol
o rk
ofy
_\;

o] .3}

oX
o
filo
1
ol
ns
2 e
N
fu
R
Jl-)
mR
r{n:

o
lo
e
ox
2
o
ue i
Hlll el
ﬁ
off rir
%

o

i

il

! 1"1
&
x2

1o
i}
o0
rsi
m{’ﬁ

F

TTO

i

=9 A8 27 E9 A o, & &of
53, YRS 9= w42l earth-mound kiln & E]-
Fet FE 2 N E] L5 AE AR
= 7IAE S5k &85t
So] Q1AL 194)7] Woll= AR We &S
o] A% T o] o] R oA ‘4—?9—] =5 ’5}%40] }‘c’iﬂ‘/}ﬂ]
A

QJtH24].

Nae A}&owwr—

A= A, 1980L4EH TJE‘ 1’416 o &
Z9] 7 2ol ANEE U 1 o] F-2 ],
N +&5, =8, I 2
B o] Fo] A= AeH24].

d AA ] wpol &2} A2 20051 7] 44 EEo|H,

L EEEEEUE
=, A, #3574

 AF W7 B9 e 9

‘—1— 2~9 o ylo XN O 0/ A0 HalRo] 7[R = A
B UGE oplErks Aed felstchn o 4 ek oo UIOIRR 206 BEelid, Berde] 7 =
AFOZ QAZE 99UTLE, B 399 THE, o]c] o.wjo} 3.2u)
_ ol 2 elxlu]o ol & 0] wjulE =37 1iR=] Ae)
4. Hl_olgxl_gﬂ_ gl i) 1_]'1’] ]'25—1\_1_, 517_71__1__’ oJ——17 \__-‘]
2O YRR ALEATOT FAT A AYAIE T YITH25)
Ho] @ 25 A4bst7] fsiA = Ata7t fls 2ol A oF e o] AakES vlsollA AHE AL 9lar, g o)e
Table 1. Typical product yields (dry wood basis) obtained by different modes of pyrolysis of wood[22]
Mode Conditions Char (%) | Liquid (%) | Gas (%)
Fast moderate temperature, around 500 ‘C, short hot vapour residence time ~ 1 second 12 75 13
Intermediate moderate temperature, around 500 C, moderate hot vapour residence time ~ 20 50 30
10-20 seconds
Slow (carbonisation) | low temperature, around 400 C, very long solids residence time 35 30 35
Gasification high temperature, around 800 C, long vapour residence time 10 5 85
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Figure 8. Temperature effects on carbon recovery, cation exchange
capacity (CEC), pH, and surface area[23], with permission
from the publisher.
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