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Abstract: [Objective] China’s pulp industry is a significant contributor to greenhouse gas emissions, and the loss of forest carbon
sinks due to the process of obtaining wood raw materials is particularly significant. Domestic wood pulp production and consumption
continue to rise, further intensifying carbon emissions and pressure on timber resources, posing a serious challenge to achieving industry
emission reduction targets. To address this challenge, mitigate the loss of forest carbon stocks and reduce carbon emissions from the
industry, this study proposes the replacement of wood pulp raw materials with giant reed raw materials in the production of pulp and
evaluates the potential for emission reduction and avoidance of the loss of forest carbon stocks. [ Method] This study adopts the Life
Cycle Assessment (LCA) method to quantitatively analyze the greenhouse gas (GHG) emissions of the wood pulp and giant reed pulp
industry chain, and systematically assesses the potential contribution of the raw material substitution strategy (giant reed instead of
wood) in the reduction of emissions in the pulp industry. [Result] The replacement of wood by giant reed in the production of pulp

significantly reduces greenhouse gas emissions. The life cycle assessment shows that the emission reduction per unit of production
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(1 Adt) for different pulp type (BCP, UBCP, CMP) is about 0.056-0.214 tCO,e, which is equivalent to a reduction of GHG emissions by
3.42%-14.76%, with the raw material collection and transportation stages being the key emission reduction links. At the same time, the

use of 1 ton of ruderalis pulp reduces timber harvesting by about 4.732 m® and retains about 4.844 tCO,e of forest carbon stocks. The

analysis of wood pulp capacity planning scenarios based on 65 production lines in 46 pulp mills in China in 2025 shows that bleached

chemical pulp (BCP) has the greatest potential for emission reductions, and that Shandong, Hubei, and Guangxi are key regions for

emission reductions. Under the 2060 carbon neutrality goal, the full implementation of the giant reed feedstock substitution strategy is

predicted to retain about 39.26-157.05 TgCO,e of forest carbon stocks per year and significantly reduce dependence on imported wood.

[ Conclusion] Substitution of giant reed raw materials for wood raw materials for pulp production has significant synergistic benefits

of greenhouse gas emission reduction and forest carbon sink protection, which not only reduces dependence on imported wood, but also

provides scientific and feasible technological support for the pulp industry to implement the national 2060 carbon neutrality goal, while

significantly reducing dependence on imported wood.

Keywords: pulp industry; raw material substitution; giant reed; life cycle assessment; GHG emission reduction; forest carbon stock
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Table1 Common wood species composition for pulping

RZEM 1) ] o L1
Wood pulp type Pulping tree species Proportion /%
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The proportion setting is calculated based on the softwood-to-hardwood ratio

of each pulping process and then converted to the proportion of all the wood.
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Table 2 The transportation mode of raw materials
and chemicals
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Fig.3 GHG emissions in the raw material collection stage
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Table 3 The proportion of GHG emissions in each stage of the life cycle
] TJ?*‘@?’L” GHG #jiit# 5 Lt The proportion of GHG /%
ype of raw
Pulp type materials JEORMSCERIN BE S1-1 LB ab BB S1-2 ia%abi e S2 2 B S3 KA F B S4
A N 8.0 23.8 13.8 41.8 12.6
(EAFED )
BCP (EC) Py 6.0 23.1 1.3 50.0 19.1
EREL At 7.1 320 12.3 373 113
(ETCRFER)
BCP (ECF) Py 5.8 31.2 1.2 44.7 17.1
AR KA 8.3 21.5 14.2 43.1 13.0
(BT
BCP (TCF) Ay 6.7 20.8 13 51.5 19.6
R A 2 N 122 8.0 20.7 47.8 11.2
UBCP ki) 9.1 7.1 1.6 66.4 15.8
Ikt 4 At 39 12.4 6.6 37.2 39.9
CMP ki) 45 10.7 0.5 416 427

23 FEYERRERERHEE D

T 2025 FIR[E 46 K E KA 65 2547
LRI RE IR, AR BV T AT A
ANEBAR S (25% ~ 100%) KX I HEE 11
(R4 . 5RER, NEEREXRE, SRR
EL 5] FAE el HE Bl 122,198 ~ 488.787 J3 tCOLe.
AR KRR E, EANFHKITER 7 32 R
HEWE 77, HAEANRZALH 0 FERAEERN
93.760 ~ 375.033 Ji tCOe, A IE [ 4k 2% ¢ 1 I

Heormk ARG A PR XA AR B3, 77 oh. 1 AR
A A 1% = K i) S 7l 4R 3R X B HE R T U
HeAR A, wlHE = 2 A b 4 B R HE R 1 28.7%-
19.3%. 16.8%, %25 R il e 22 54k 1 X 38k HE
TS T Rl E K .

24 FEHRENBREENRKEEENREIZN

AT T AL PIAl T AT SRR AR BRIk A
BN E (10 o S5RRW, (¥R TH

x4 XEEHER NG

Table 4 Estimation of emission reduction potential in each region

e %\ (X 1 J%HE 77 Emission reduction potential / Jj tCO,e
No. Prov.mce (Au'to'non'mus - . - e . » —
region, municipality) ALK BCP AR AT UBCP e ZEHUCK CMP KT Total
1 I 24,056 ~ 96.224 2.588 ~ 10.351 7.428 ~ 29.714 34.072 ~ 136.289
2 th %R 19.883 ~ 79.530 0.399 ~ 1.596 2.590 ~ 10.360 22.872 ~ 91.486
3 ik 15.763 ~ 63.050 0.428 ~ 1.710 3.710 ~ 14.840 19.901 ~ 79.600
4 i) 9.700 ~ 38.800 — — 9.700 ~ 38.800
5 T77R 5.456 ~ 21.825 0.926 ~ 3.705 1.828 ~ 7.314 8.210 ~ 32.844
6 Eigc 6.242 ~ 24.970 — 0.840 ~ 3.360 7.082 ~ 28.330
7 v 3.395 ~ 13.580 — 2.440 ~ 9.761 5.835 ~ 23.341
8 K 2.910 ~ 11.640 — — 2.910 ~ 11.640
9 )i 1.455 ~ 5.820 — 0.343 ~ 1.372 1.798 ~ 7.192
10 Pay] 1.310 ~ 5.238 0.356 ~ 1.425 — 1.666 ~ 6.663
11 U 1.552 ~ 6.208 — — 1.552 ~ 6.208
12 bape} 1.067 ~ 4.268 — 0.420 ~ 1.680 1.487 ~ 5.948
13 HPR — 0.855 ~ 3.420 0.560 ~ 2.240 1.415 ~ 5.660
14 il — 0.499 ~ 1.995 0.700 ~ 2.800 1.199 ~ 4.795
15 2R 0.728 ~ 2.910 — — 0.728 ~ 2.910
16 i — 0.143 ~ 0.570 0.560 ~ 2.240 0.703 ~ 2.810
17 HHT — — 0.571 ~ 2.285 0.571 ~ 2.285
18 HR 0.243 ~ 0.970 — — 0.243 ~ 0.970
19 b — — 0.140 ~ 0.560 0.140 ~ 0.560
20 SEn — 0.114 ~ 0.456 — 0.114 ~ 0.456
41t Total 93.760 ~ 375.033 6.308 ~ 25.228 22.130 ~ 88.526 122.198 ~ 488.787
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Fig. 10 Forest carbon storage and volume of wood retained under feedstock substitution scenarios
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Table 5 Carbon stock potential of retained harvested wood at different feedstock substitution ratios

BRACELA / )9 A

fiffit B Carbon storage /TgCO,e

Proportion of substitution/Tree

species used for pulping WAL AR BCWP  RIEAMSARK UBCWP (5K CMWP R4t Total
25% 23.41 5.48 10.37 39.26
50% 46.82 10.96 20.75 78.53
75% 70.23 16.44 31.12 117.79
100% 93.64 21.92 41.49 157.05
¥k Eucalyptus 5.85 ~ 23.41 0.77 ~ 3.07 1.14 ~ 4.56 7.76 ~ 31.04
HEA Birch 0.47 ~ 1.87 — — 0.47 ~ 1.87
WA Poplar 2.58 ~ 10.30 0.27 ~ 1.10 3.84 ~ 15.35 6.69 ~ 26.75
HHIA Acacia 0.94 ~ 3.75 0.33 ~ 1.32 0.52 ~2.07 1.79 ~ 7.14

HE5FFA Radiata pine 5.85 ~ 23.41

1.64 ~ 6.58

— 7.49 ~ 29.99
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