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b. Square radiation collection model
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Note: R, is the vertical distance from the collection storage point to the recycling boundary, that is, the side length of a single recycling area and the spacing distance
between adjacent collection storage points are 2R). If n-ring collection storage point is established, the side length of the straw collection area of the power plant is
2(R—2nR;), and R is the vertical distance from the power plant to the collection boundary. Marked from outside to inside, the shortest distance from the storage point on

the 7 ring to the power plant is R—(2i—1)R,.

B 1 RAPETEE RLE

Fig.1 Simplified diagram of straw collection ranges
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Table 1 Straw coefficient of primary crops in Hebei Province

AR KFE N EN “T HAh 152k RS 1eE T3 2Rk I 1 %% HRAE
Crops Rice Wheat Maize Millet Other grain Tubers Peanut Rape Sesame Sunflower Cotton
HAE 0.95 1.17 1.15 1.73 2.32 0.42 0.85 2.57 1.78 2.63 2.62

Straw coefficient
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Table 2 Relevant parameters of straw power generation, collection and transportation

ZHFF5 Parameters # X Meaning f Value ZH 55 Parameters % X Meaning {H Value
O I 7 B A A /(L k1) 0.67 i BRI A% 15
o Sl H FE I B HE R B (kg L) 2.67 n SR BRI % 30
k EEVES ¢ 0.8 f Bl 7 A Rt 20
LHV FEAFRAL B/ (k) ke ™) 1522298 2 RIB AR 50
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Table 3 Straw yield of each city in Hebei Province

il City - BHBEA , o BBt %ﬂ"é‘?r% RAT A R E8 o T AR B ,

Cultivated land area/km Ratio of cultivated land/%  Total straw yield//j t Ratio of straw yield/% Straw yield per unit area/(t-km™)
F %L Shijiazhuang 7 945.34 11.47 583.22 13.03 734.04
J# 1L Tangshan 5675.17 8.19 245.18 5.48 432.02
% £ & Qinhuangdao 1511.94 2.18 57.92 1.29 383.10
HE#R Handan 8 646.64 12.48 633.89 14.16 733.10
& Xingtai 8927.13 12.88 601.28 13.43 673.54
{RE Baoding 8215.87 11.86 586.87 13.11 714.31
7% [1 Zhangjiakou 544721 7.86 316.35 7.07 580.75
7K f# Chengde 2957.75 4.27 217.17 4.85 734.25
#J1 Cangzhou 9230.64 13.32 534.37 11.94 578.90.
JEEYi Langfang 292518 422 179.06 4.00 612.12
#i77K Hengshui 7 800.69 11.26 520.20 11.62 666.87
41t Total 6 9283.56 100 4475.50 100 645.97

FEAT S A T AN =

Straw yield per unit area/

(tkm)
300~400
>400~500
>500~600
>600~700

B >700

B2 A AT TR AT B AR T F 0 R IR A A4FIE
Fig.2 Distribution characteristics of straw resource yield per unit
area in Hebei Province
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X, PAALIEFFSAT S EA L 500 thkm?s SAAT S, Ak
Y o Hh X OB % R AP RS AT AR 2%, A BRI
P EIA ) 645.97 t/km?.

R 4 BI%1, TG4 R X SR B AR SR iR
Ko WM PR Y AKE 4 T R E
it 60 12 kW-h, P35 FKEEFHH 2 651.77 kW-h. It
Gh, L SR KR i E R T 2 000 kW he
FLJTH P D X R R B 5k 1, PR KN
FHHL 706.18 55 711.58 kW-ho XFRiA5TH IBEIHERE, kK 1
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Table 4 Electricity consumption of each city in Hebei Province

FpEH L& X BEHI LA B HBE S KL EN iRk gl (IRE Vit Lichss
W City Household electricity Ratio of household Number of Ratio of household Electricity consumption per
consumption/(x10°kW-h) electricity consumption/% households/x10* number/% household/(kW-h)
1 K JE Shijiazhuang 646 378 12.89 311.49 12.57 2075.12
J# 1Ll Tangshan 514708 10.26 230.83 9.31 2229.81
& 5 & Qinhuangdao 83513 1.67 118.26 4.71 706.18
HE 5 Handan 426 433 8.50 274.41 11.07 1 554.00
& Xingtai 336 401 6.71 249.89 10.08 1346.20
#5E Baoding 735103 14.66 417.19 16.83 1762.03
72X 1 Zhangjiakou 138971 2.77 195.3 7.88 711.58
74 Chengde 242 468 4.83 141.98 5.73 1707.76
#JH Cangzhou 860 695 17.16 227.18 9.16 3 788.60
JiRYi Langfang 695 035 13.86 151.78 6.12 4579.23
#i7K Hengshui 335979 6.70 160.53 6.48 2092.94
£t Total 5015684 100 2478.84 100 20234
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Table 5 Straw resource collection range of each city in Hebei Province under different power generation modes

s e . N L P ) g P
W City Electricity traw consumption/t Side length of straw collection area/m boundary/m
consumption/(kW-h) HIA At HA At RS i

Direct combustion Gasification Direct combustion Gasification Direct combustion Gasification
£ & Shijiazhuang 3458 527 5452.59 2726.30 3047.17 2 154.67 761.79 538.67
JE 1l Tangshan 3716 357 5859.07 2929.54 4117.36 2911.41 1029.34 727.85
& &2 % Qinhuangdao 1176 969 1855.57 927.78 2 460.58 1739.89 615.14 434.97
S Handan 2 589999 4083.30 2 041.65 2 638.63 1865.79 659.66 466.45
JBE Xingtai 2243 661 3537.27 1768.68 2562.16 1811.72 640.54 452.93
f#7E Baoding 2936723 4629.93 231497 2 846.42 2012.72 711.60 503.18
5K 1 Zhangjiakou 1185962 1869.74 934.87 2 006.09 1418.52 501.52 354.63
7K f# Chengde 2 846 269 4487.33 2 243.66 2 763.93 1954.40 690.98 488.60
¥ Cangzhou 6314 340 9 954.96 4977.48 4 636.30 3278.36 1159.08 819.59
JiEYi Langfang 7 632 044 12 032.40 6016.20 4956.95 3505.09 1239.24 876.27
77K Hengshui 3488226 5499.41 2 749.71 3210.66 2270.28 802.66 567.57

(7D BB HRIERI, BHZE 1 BRokR D 5= 2 HAN, BAFRKMHX, X

sl s, ol R IR DY 120 BRSO R
[ g 5 ELER B0 R1=0.25R. % 5 &on, M5
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M o 22 B 12 AWl R s REAT IO 7 A2 5

T R SR 2, WOARVER E K. WP E b fHE, RS A2 BN SRR R,
B, I BREEARGE T RS AT YOS X E K * 6.

Fo6 RE 12 MR RFWERESMEF AL RBRENE

Table 6 CO, emissions from collecting and transporting straw in a system with 12 collection and storage points

— - YT - — - —
RFTUCRRAVGHER WPl PODRRBER  BURELSRB g b SRR
. L CO; emission per unit  CO; emission per unit L.
Minimum CO, emission External cost of straw . CO, emission External cost
from straw collection/t collection/x10* 7¢ electrlcllty/l transport stlraw/ reduction/t reduction/x10* ¢
Wl City (kg'kW™-h™) (kg'kg™)
B gy BB g B g TR gy BB g R gy
Direct . . Direct . . Direct . . Direct . . Direct . . Direct . .
. Gasification . Gasification . Gasification . Gasification . Gasification . Gasification
combustion combustion combustion combustion combustion combustion
E%E 173.04 30.59 10.15 1.79 0.050 0.009 0.032 0.011 907.39 160.41 53.24 9.41
Shijiazhuang
fE il Tangshan ~ 269.97 47.72 15.84 2.80 0.073 0.013 0.046 0.016 1415.70 250.26 83.06 14.68
=]
. RE 16.18 2.86 0.95 0.17 0.014 0.002 0.009 0.003 84.86 15.00 4.98 0.88
Qinhuangdao
HEH#E Handan 84.03 14.85 4.93 0.87 0.032 0.006 0.021 0.007 440.65 77.90 25.85 4.57
JBE& Xingtai 61.23 10.82 3.59 0.63 0.027 0.005 0.017 0.006 321.10 56.76 18.84 3.33
{15 Baoding  116.54 20.60 6.84 1.21 0.040 0.007 0.025 0.009 611.14 108.04 35.86 6.34
%%?.D 13.40 2.37 0.79 0.14 0.011 0.002 0.007 0.003 70.24 12.42 4.12 0.73
Zhangjiakou
7K Chengde  106.30 18.79 6.24 1.10 0.037 0.007 0.024 0.008 557.44 98.54 32.71 5.78
M Cangzhou  877.59 155.14 51.49 9.10 0.140 0.025 0.088 0.031 4601.97 813.52 270.00 47.73
Ji 4 Langfang 1 370.75 242.32 80.42 14.22 0.180 0.032 0.110 0.040 7188.07 1270.68 421.72 74.55
/K Hengshui ~ 185.47 32.79 10.88 1.92 0.053 0.009 0.034 0.012 972.57 171.92 57.06 10.09
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Fig.3 Schematic diagram of 3 straw collection and transportation
systems
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Optimization analysis of carbon emission reduction from crop straw
collection and transportation under the sustainable development goals

Liu Chengyul, He Zhengchuw, Lu Xiaolong2

(1. School of Economics and Management, Changsha University of Science and Technology, Changsha 410114, China;
2. Energy Engineering Group Hunan Electric Power Design Institute Co., Ltd., Changsha 410007, China)

Abstract: Recycling and utilization of crop straw have been one of the most important ways to treat the resource waste and
environmental pollution in rural areas in the context of the United Nations Sustainable Development Goals. In this study, a
collection and transportation model was established to optimize the number and the recovery distance of storage points with
the carbon emission reduction from the straw collection. A research object was taken as the collection and transportation
system with a square area in the biomass power plant in Hebei Province of China. A systematic investigation was made on the
resource distribution, biomass potential and household power consumption demand, further to evaluate the matching degree of
straw resources supply and demand in various cities. Different collection systems were compared under the direct combustion
and gasification power generation from the perspective of collection range and emission. The constructed system was then
comprehensively evaluated in terms of economy, environment, and efficiency. According to the sustainable development goals,
some recommendations were proposed to promote the low-carbon recovery and efficient utilization of straw resources. The
research results show that there were excellent collection conditions in most areas rich in straw resources, with an annual
output of 44.755 million tons. The straw output per unit area was 645.97 t/km’ in the study area. There were high power
demands in Langfang, Cangzhou, and Tangshan Cities, but the supply of straw was tight, indicating the low matching degree
of resource supply and demand. The straw collection and transportation system with the best emission reduction benefits was
set as 12 collection storage points around the power plant, where the vertical distance between each collection storage point
and the recycling boundary was 0.25R (R is the vertical distance from the power plant to the collection boundary). The
transportation emissions were reduced by 83.98%, and the regional greenhouse effect was effectively controlled in the system,
compared with no storage points. The collection efficiency increased by 18.75% than before, indicating cost-saving, low
carbon, and free of collection blind area. The constructed system was greatly contributed to the circular radiation collection
mode for the better utilization of waste resources. The high efficiency, low-carbon, and economic properties were found in
Zhangjiakou and Qinhuangdao Cities, but less in Langfang and Cangzhou Cities. In addition, the multiple dimensional support
10 sustainable development goals were related to environmental protection, poverty reduction, public health, and resource
utilization. The power generation efficiency can also determine the market competitiveness of biomass technology in
sustainable agriculture. A closed-loop supply chain of biomass circular energy can be constructed to promote the low-carbon
path for agricultural modernization and sustainable energy in rural areas.

Keywords: agriculture; biomass; power generation; sustainable development goal; crop straw; collection and transportation
system; carbon emission reduction
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