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Evaluation of Resource Utilization Potential and Utilization Paths of Qixia

City’s Apple Branches from the Perspective of Circular Economy
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Abstract: To evaluate the resource utilization potential of apple branches at the county level, taking Qixia City
from the perspective of circular economy as an example, the pruning amount of apple branches was calculated
based on the planting area of apple orchards in Qixia City from 2014 to 2023, and its potential for utilization as
fertilizer and energy was evaluated. The results showed that there was enormous potential for resource utilization
of apple branches in Qixia City, with significant economic benefits. According to estimates, the maximum eco-
nomic benefit of apple branches in Qixia City reached 2.172 billion yuan in 2023. This study found that the re-
source utilization of apple branches in Qixia City was unbalanced and inadequate. Based on a comparative analy-
sis of the current situation, a multifaceted recycling utilization path was constructed, aiming to provide a reference
for the comprehensive resource utilization of apple branches and the development of circular economy at the
county level.
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Table 1 Pruning coefficient of apple branches and con-
version factor of available resources

e R F S
Coefficient Apple branch
K 5% K2 % 44.95
AR ZRAE BY R A Ukg - hm™ 6 750.00
DR % 0.95
Wi % 0.42
R % 0.10
A AL i/ % 86.70
FRAEIE R AL 0.59
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Table 2 Apple cultivation area and branch pruning
amounts in Qixia City, 2014-2023

G MMHIRVhM® BB E T TR T

Year Planting area Pruning amount  Dry matter equivalent
2014 42 430.60 28.64 15.77
2015 44 693.07 30.17 16.61
2016 44 678.27 30.16 16.60
2017 44 664.80 30.15 16.60
2018 45 469.67 30.69 16.90
2019 44 197.13 29.83 16.42
2020 44 181.40 29.82 16.42
2021 44701.40 30.17 16.61
2022 44 015.13 29.71 16.36
2023 43 906.87 29.64 16.32

Wi, 2 5 R B R 93% A Ay BT
BAR, R =0 B &8 W 7% £ 4. BiE2014—
2023 FEAEE T SRR T A U & i, IS A
HUIE T4 5 43.40 J7 ~46.50 J7 t, B AR 2 V54 FTha
P, 2023 FME T ERBFM A 2 &S
HAr 0 1549.95 .685.24 .163.15 t, A MR £ it
Wl TR 5 L B R PR AN BT 43 ) A 3 369.45.5 710.33,
326.30 t, B RALAEJE , 28954025 24 1 208.04 J1 TG .
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Table 3 Nutrient content and fertilizer utilization benefits of apple branches in Qixia City, 2014-2023
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, iicsal . .
o) WEFF aEEa R SRR AL WOTC BRRGRTT
[EEEN -5
A Tt i Total phos-  Calcium su- TR Organic fer-  Economic
Total potas-  Potassium
Year Total nitro- ~ Urea equiva-  phorus con- perphos- Organic mat- tilizer benefits of
sium content sulfate
gen content lent tent phate ol ter content equivalent  fertilizer sub-
equivalent
equivalent E amount stitutes

2014 1497.83 3256.16 662.20 5518.34 157.67 315.33 13.67 43.40 1167.42
2015 1577.70 3429.79 697.51 5812.58 166.07 332.15 14.40 45.71 1229.67
2016 1577.18 3428.65 697.28 5810.66 166.02 332.04 14.39 45.69 1229.26
2017 1 576.70 3427.62 697.07 5808.91 165.97 331.94 14.39 45.68 1228.89
2018 1 605.12 3489.38 709.63 5913.59 168.96 337.92 14.65 46.50 1251.04
2019 1 560.19 3391.73 689.77 5748.09 164.23 328.46 14.24 45.20 1216.02
2020 1 559.64 3390.52 689.52 5746.04 164.17 328.35 14.23 45.19 1215.59
2021 1 578.00 343043 697.64 5813.67 166.10 332.21 14.40 45.72 1229.90
2022 1553.77 3377.76 686.93 5724.42 163.55 327.11 14.18 45.02 1211.02
2023 1 549.95 3369.45 685.24 5710.33 163.15 326.30 14.15 4491 1208.04
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Table 4 Energy consumption in Qixia City, 2014-2023

AEGy BRI 24T 1 IR e/ TT m? HLRETH S4 /AL kW - h
Year Standard coal consumption Natural gas consumption Electricity consumption
2014 87.54 65.30 9.43
2015 11.01 914.34 9.45
2016 88.83 168.05 8.63
2017 77.06 211.56 8.06
2018 84.98 398.46 9.02
2019 78.53 2559.00 9.19
2020 10.78 487.49 2.13
2021 12.66 355.28 1.91
2022 9.58 300.35 1.92
2023 11.00 296.10 2.11
®5 2014—2023 FHEHERLFRBELF A=
Table 5 Benefits of energy utilization of apple branches in Qixia City, 2014-2023
o AR Bng
- TR i B o ek N Y G
ER(2LS o ) KRB o VAR N BT RER/
R T Ny Bt o fofint e
5 JG . pn
G0 /)7 m? kW +h 58 " Electric ¢t
Standard Natural gas Substitute Substitute
Year Natural gas Electric Standard power Substitute
coal equiva- equivalent standard electric
equivalent power coal equiva- equivalent natural gas
lent ratio coal cost sav- power cost
volume equivalent lent ratio ratio . cost savings )
ings savings
2014 9.30 69 953.61 7.57 0.11 1071.18 0.80 1.21 20.99 4.24
2015 9.80 73 683.65 7.98 0.89 80.59 0.84 1.27 22.11 4.47
2016 9.80 73 659.25 797 0.11 438.31 0.92 1.27 22.10 4.47
2017 9.79 73 637.04 7.97 0.13 348.07 0.99 1.27 22.09 4.46
2018 9.97 74 963.99 8.11 0.12 188.13 0.90 1.30 22.49 4.54
2019 9.69 72 866.02 7.89 0.12 28.47 0.86 1.26 21.86 4.42
2020 9.69 72 840.08 7.88 0.90 149.42 3.70 1.26 21.85 4.42
2021 9.80 73 697.38 7.98 0.77 207.43 4.18 1.27 22.11 4.47
2022 9.65 72 565.96 7.85 1.01 241.60 4.08 1.25 21.77 4.40
2023 9.63 72 387.47 7.84 0.87 244.47 3.71 1.25 21.72 4.39
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Fig. 1 Multi-dimensional recycling system for county
apple branches
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