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Evaluation of energy potential and emission reduction of agricultural waste biomass utilization for clean

heating in rural areas of northern China

ZHAO Qingyun, MA Ruojing, ZHOU Luyun, ZHU Yuming, YAO Ke, LI Xiaojie, ZHANG Xueliang’

(College of Land Science and Technology, China Agricultural University, Beijing 100193, China)

Abstract: Rural heating is one of the main sources of carbon emissions in northern China. In this study, the “26+2” Beijing—Tianjin—Hebei
air pollution transmission corridor urban agglomeration designated by the Winter Clean Heating Plan in the Northern Region(2017—2021)
was used as the study area. Based on the framework of “estimating potential biomass energy—calculating alternative traditional fuel
resources conversion—evaluating pollutant and carbon emission reduction effect”, the potential of biomass energy conversion and clean
heating of crop straw and livestock and poultry excrement were quantitatively analyzed. Based on the panel data in 2019, the biomass
energy potentials of crop straws and livestock and poultry emissions were considered. The biomass potential of these wastes indicate a
reduction compared to the 6.66 million tons of standard coal or 5.5 billion m® of natural gas, with emission reductions of approximately 0.21
million tons of pollutants (SO,, NO,) and 17.01 million tons of CO, when fully exploited. In this study, the spatial distribution of biomass
energy utilization potential of various crop straw and livestock manure in 28 prefecture—level cities (municipalities) in the study area and

the effects of clean heating and emission reduction in each province were analyzed. Studies have shown that wheat and maize have the
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highest potential for resource utilization. The biomass energy utilization potential of the breeding industry was higher than that of planting

industry, and the poultry breeding industry was the highest. The quantitative results could provide a useful reference for promoting the use

of biomass energy to replace traditional fuels such as coal for clean heating in rural areas of “26+2” typical areas and exploring the

development path from “agricultural waste” to “rural heating source”.

Keywords : biomass energy; clean energy; agricultural waste; resource utilization; carbon emission reduction
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Figure 1 Geographical location and administrative division map of the study area
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Figure 2 Technical roadmap of the study
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Table 1 Crops and grass—grain ratio involved in estimation of

biomass energy of crop straw

BRAEZEA HAR
Category of crops Grass—grain ratio(r)
JKAE Paddy rice 1.00

/NFE Wheat 1.17

F K Maize 1.04
5.2 Beans 1.60
22 Manioc 0.57
HEMED) Oilseeds 1.84
H47E Cotton 3.00
JHZEAVEY) Tobacco 0.71
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Table 2 Values of key parameters such as livestock and poultry types, culture cycle, excretion specificity coefficient,

and collection coefficient in the study area

B & 257 Livestock and poultry types ¥ Pig F Cattle FE Poultry
S5 JE B Breading cycle/d 199 365 210
HE 2 Y Excretion type B[ PR B PR ZEfE
JK L A3 Urine specific gravity 1.02 1.0375
Hek R % 446 1.925 1k 2.92 4423935 44810520 4460145
Excretion coefficient/ (kg: 3+d™) 2135 643,881 4232 #1258 £ 40,185
HRG1.43 H1E 4.503 g 23.44 "R 3.699 15 0.09
4 Z %X Collection coefficient 0.9 0.9 0.6 0.6 0.6
PRI T 0.42 0.30 0.49
Gas production factor/(m’-kg™")
T 51 % 18 Dry matter content/% 19 0.5 20 0.4 27.5

T R IR HC %2 & 38 IRV K B3 B2 (1 kg 1) B9 U AR, T IRV 2R 550 B phy L Sk - T R kg 3k d 7 G RYFRAE A |
HiME Z2 5 B R AR R T 5 A B S B S IS A SR B T IR

Note: The specific gravity of urine is the ratio of the density of urine and water(1 kg+L™") of such livestock, and it is used to convert the unit of urinary

excretion coefficient from L+ head™ - d™' to kg-head™ - d™". The five constant parameters of breeding cycle, excretion coefficient, collection coefficient, gas

production factor, and dry matter content of poultry were calculated according to the relevant values of chicken.

R3 RIEMFEFNESHM Y EW T SRR IR R LR R HE M R E

Table 3 Emission coefficient of biomass of crop straw and livestock excreta converted to standard coal combustion and its energy utilization

JEF- YIRS Waste type I 53X Utilization mode SO/ (kg-t™) NO./(kg-t™") COs/(kg-t™")
PAPITERT Pr i BRI 285 7.04 255431
Crop straw R R 5.74x10° 1.95 0
&= R Pr i BFRHERE 28.5 7.04 255431
Livestock and poultry excreta MR RSO R 0 0 0

T BB AW BRE Y COEHERC N O CELEEME N AORALE , A5 R — P e 0y A 2= W) IR RE IR

Note: The net CO,emission of biomass energy is assumed to be zero(direct combustion as fuel , without further conversion to other biomass energy ).
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Figure 3 Spatial distribution of biomass energy potential of eight crops in the study area
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Figure 4 Spatial distribution of biomass energy potential of three kinds of livestock and poultry excreta in the study area
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Table 4 Comparison between bioenergy alternatives and traditional fuel resources for crops and

livestock and poultry excreta in the study area

Hh X FRifERE Standard coal/10°t KARS Natural gas/10°m’
Region RAEPIFEFT Crop straw & S HEHEY) Livestock and poultry  RAEYIFEFF Crop straw & & HEWE) Livestock and poultry
JELETT Beijing City 5 23 4 19
KT Tianjin City 41 181 34 149
1648 Hebei Province 675 2029 556 1670
544 Henan Province 413 216 340 178
111444 Shandong Province 656 2359 540 1941
1117544 Shanxi Province 36 23 30 19
S Total 1826 4831 1504 3976
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Figure 5 Standard coal resource conversion from crop biomass energy in the study area
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Figure 6 Standard coal resources conversion from livestock excreta biomass energy in the study area
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Table 5 Bioenergy clean heating for reduced pollutants and carbon dioxide emissions from

crops and livestock excreta in the study area(10* t)

1 [X. E<3i7] LAEYIFEFET- 5t B HE Y T PS8y
Region Type Dry matter of crop straw Dry matter of livestock and poultry excrement Total amount
Jeatit HUY) 0.01 0.08 0.09

Beijing City O, 1.33 591 7.24
PNE it bEE/ L] 0.08 0.64 0.16
Tianjin City O, 10.46 46.27 56.73
iOE[%e) ey 1.31 721 8.52
Hehei Province O, 172.47 518.31 690.78
MRS e 0.80 0.77 1.57
[Eleein Frvine O, 105.54 55.14 160.68
IIARAE beE 7] 1.27 8.38 9.65
Shandong Province o 167.67 602.62 770.29
I g 7] 0.07 0.08 0.15
S Frooe Co, 9.21 5.95 15.16
Mt e 3.54 17.16 20.71
Total O, 466.68 123420 1700.88
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