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CO, Mineralization Pathway Investigation Using Biomass Ash
for Achieving Negative Carbon Emissions

YAN Shuiping'>  FENG Liang'> DUAN Haichao'®> JI Long'®> HE Qingyao'”
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
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Abstract; Combining the development and utilization of bioenergy with carbon capture, utilization and
storage (BECCUS) is one of the important methods to reduce CO, emissions in the energy field as it can
achieve the negative carbon emissions. Biomass ash ( BA) generated from the direct combustion of
biomass, can be used to absorb and sequestrate CO, permanently. However, the issue adopting biomass
ash to achieve the negative carbon emissions should be investigated carefully. CO, mineralization
performance of biomass ash from atmospheric CO, and CO,-rich gas streams with a moderate
(101.3 kPa) and high CO, partial pressure (300 ~ 1 400 kPa) was experimented in terms of CO,
sequestration capacity. Moreover, negative carbon emissions of these three mineralization pathways were
evaluated as well. Results showed that among all the three pathways, the lowest CO, sequestration
capacity with 60. 66 g/kg after 40 days was acquired when CO, came from atmosphere. Comparatively,
when the initial CO, partial pressure was elevated to about 101.3 kPa (i.e., the moderate CO, partial
pressure case) , the maximum CO, sequestration capacity of 121. 68 g/kg can be achieved. When CO,
partial pressure was increased to about 1 400 kPa (i. e., the high CO, partial pressure case), a CO,
sequestration capacity of 216.85 g/kg was obtained. The actual negative carbon emissions of three
mineralization pathways of biomass ash were assessed by comparing CO, emissions reduction ascribed to
CO, sequestration of biomass ash and CO, emissions related to energy consumption in the mineralization
process and biomass ash transportation. When the transportation distance of biomass ash was less than
207 km, adopting this mineralization pathway in which CO, came from the CO,-rich gas streams with a

moderate CO, partial pressure (101.3 kPa) might be reasonable for achieving a highest negative carbon
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emission. When the transportation distance was above 207 km, the pathway in which CO, came from the

gases with a high CO, partial pressure should be sensible.

Key words: biomass ash; CO, mineralization; CO, absorption; carbon emission reduction; negative

carbon emission
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G-1 G-2 G-3 G-4
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Na, 0 0.57 0.53 0. 87 0. 87
Fe,0, 5.55 5.27 5.56 5.06
S0, 0.18 0.79 0. 66 0. 42
Hoty 28.79 25.21 22.62 22.19
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Fig.1 Schematic diagram of atmospheric CO, mineralization
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Fig.2  Flow chart of CO, mineralization of biomass

ash under moderate CO, partial pressure
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Fig.4 CO, sequestration capacities of biomass ash

affected by water content and mineralization time when

accumulation thickness was 2 mm
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Fig.5 Effect of accumulation thickness on CO, sequestration

capacity of biomass ash with 20% water content

2.2 HECO, nETEMKRIX CO, H{LtgE

AN TRV I E AR R AR SR AR W K AR A
CO, 73 JE (101.3 kPa) F iy CO, #fbPEfEanId 6 FF
Ro HIE 6 WA, CO, 5 Ak 2 Bl [ Lk 7 U6k /N 1 B
5%, 249 [ R 99 B, CO, # k&l 35121, 68 g/kg,
M LN B 4 B, CO, Bk R F 41,52 g/kg,
TFET 65.88% . EEJFEHAE T KA MW Ak & 9 >
THAY KA CO, #EFT b4 SR A5 6 S i
Ta&EITENRRE

AR X A W o ™ A R P Y 52 e AN 1L 6 TR
G —2 i 4% (0.075 ~0. 150 mm) 2= 4 i JK 1) CO, #"
TPk B8 5 4, W e 19 R A €O, B Ak & T gk
90.25 g/kg FEM A S 41 T, AE W R K 1K CO,
o BB 2 2 52 A5 ) 0K ) Ak 2 4 (32 22 CaO FlI
MgO F it ) JIURL 55 A 1 42 fid T AR S B0 1Y) HA 3R
FEPE R 0 ORI M, A TR 1 L 2 T AR
0N, 5 R A ke ) 9 — [ 2 Mo T AR 0N DA T R
fIK T CO, 5 A9 K vh ik 76 28 2 I 174 4% Joi 1o L
SEAEYFTKE CO, B PEfEZ B RG>,
W, 5 G-1K&BEEYTT KM, RE G -3 kit
YK A TE = i CaO Fll MgO % 4, {H G — 3 ife
PE ) R I He 2 TR SEAR (1. 824 m*/g) , AT 5 3L

BIAERBIE
L6 o A543 F IS A ) 5T IR 3 1) WL [0 VL 45 A ) BT ROk AR
X§ CO, B4k A i 2 i)

Fig.6 Effects of weight ratio of solid to water and
particle size of biomass ash on CO, sequestration
capacities under medium CO, partial pressure
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Fig. 8 Effect of transport distance of biomass ash on

negative carbon emission of different mineralization pathways
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Fig.9 Effect of electricity resource on actual negative carbon

emission of CO, mineralization pathway of biomass ash
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