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Table 1 Basic parameters of each system
Wi X PEA A DEREEDSA - HMEA e EACE A AH RS AR
Areas Supply ~ Total investment/ Biogas p3r0(_iluct10n/ Biogas res1_€1ue Raw materﬁil Raw material Year of

households/)}™ JiTt (m™-d yield/(t-a™) dosage/(t-a”) species completion
W FE Baishuzhuang community 1249 1411 1350 19 800 15 900 43 2016
R %24t [X Nanan community 1136 1000 1200 18 200 14 600 b2 2015
K #EIX Tianma community 800 815 1 100 12 700 10 600 PLES 2016
%€k} Shangzhai village 620 380 800 10 500 9 400 R 2016
FiBAAS Shiyang village 480 230 500 6 820 6200 43 2016
% T A Lianwang village 320 200 400 6 000 5400 R 2016
FEHEH Yuepu village 360 180 400 5 800 5000 e 2016
B4 Yezhao village 316 139 400 5500 4 800 R 2014
/NRFE kS Xiaoguoyuan village 150 59 150 2 600 2200 b2 2015
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Fig.1 ~System boundary and basic condition of primitive system
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Table 2 Main costs and revenues of each system before optimization

JiTt
X AR H Cost Y 2 Income
Areas R H R N HA R #riH w/E HERERER
Coal  Electric energy Raw material Manpower Scavenging material Depreciation Biogas  Biogas residues
H#% £ Baishuzhuang community 5.44 5.10 50.54 10.00 7.00 40.00 98.55 75.73
¥ %4#LX Nanan community 4.94 4.67 53.10 10.00 6.60 35.00 87.60 79.56
K D4t [X Tianma community 425 3.82 26.77 8.00 5.80 30.00 80.30 40.11
- 2&F} Shangzhai village 3.77 3.09 4425 8.00 5.00 25.00 73.00 66.30
FiBHFT Shiyang village 2.67 1.85 18.72 6.00 2.70 11.50 36.50 28.05
% FE A Lianwang village 222 1.55 17.70 4.00 1.90 10.00 29.20 22.44
FEARFT Yuepu village 222 1.70 17.70 4.00 1.80 9.00 29.20 2244
FFXHF Yezhao village 2.12 1.47 17.70 4.00 1.60 6.95 29.20 22.44
/NRFE R Xiaoguoyuan village 0.84 0.58 6.64 0.80 0.50 2.95 10.95 8.41

T F1 RIS 26 mit!, RO 22 mPt!, MBIy 40 mtT; 2 VEANNEEAWIG S B RIS R AT L, 3 VB ANR I TN R R

TRRF 40 ) Sz S M55 GBS 2.00 J6-m™, VBV 40.00 75-m™)

1

Note: *1. The unit biogas production of raw material: cow dung is 26 m*t", pig dung is 22 m*t", chicken dung is 40 m*t"; *2. The output of biogas and biogas residues
is calculated according to the maximum theoretical yield; *3. The prices of biogas and biogas residues are calculated on the basis of the actual local sales prices (biogas

2.00 yuan'm™, biogas residues 40.00 yuan'm™).
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Table 3 Economic benefits of each system before optimization

X A S g 7 A Sl A LTS P72 IO
Areas Total cost/JJ JG Total income/Jj JG Net income/ /3 JG Internal rate of return/% Pay back period/a
F 4 E Baishuzhuang community 117.17 174.28 57.11 -7 59
R %24t [X Nanan community 106.06 167.16 61.10 3 36
K #EIX Tianma community 70.33 120.41 50.08 3 33
%€k} Shangzhai village 63.88 111.44 4755 7 10
A BE#S Shiyang village 36.81 64.55 27.73 6 11
JEF#} Lianwang village 29.19 51.64 22.45 5 12
FEEER Yuepu village 28.75 51.64 22.89 7 10
7 F Yezhao village 27.12 51.64 24.52 14 7
/NEFEA Xiaoguoyuan village 9.62 19.36 9.74 12 8
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Table 4 Climate change factors and emission factors for main household energy

1

kgt

fiEJRJS Y Energy types CO, N,O CH, SO, NOx PM(10,2.5)
F&FF Straw 2 634.00 10.63 0.14 1.63 0.50 15.43
F74E Fuel wood 2539.40 4.73 0.14 2.03 1.10 439
B Excrement 2 768.00 4.08 0.04 2.63 22.40 3.22
% Coal 1 847.00 0.03 0.02 1.37 0.32 0.18
ki Thermal power 3.900.00 5.72 0.06 2.12 25.79 2.55
B’ Biogas 748.00 0.03 0.05 0.94 0.88 0.01
RARX Natural gas 1 642.00 0.02 0 0.39 0.01 0.01

I PFHAE Solar energy 0 0 0 0 0 0

e BT TR .
Note: Unit is kg per ton coal equivalent.
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Table 5 Traditional structure of cooking energy

HX i H FERT Frae FLfE 5/ A< A KBARE “it
Region Item Straw Fuel wood Electric energy Coal LPG Biogas Solar energy Sum
W P/kg 370 28 22.6 282 7.5 60.5 45.4 816
iR Zhuanglang
LB Hl/% 45.34 343 2.77 34.56 0.92 7.41 5.56 100.00
W P/kg 380 36 37.6 330 114 48 40 883
.M Liangzhou
LB Hl/% 43.04 4.08 4.26 3737 1.29 5.44 453 100.00
¥4 Mean L 1/% 44.19 3.76 3.52 35.97 1.11 6.43 5.05 100.00
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Table 6 Environmental impact factors and emissions in
traditional energy structure

kga™
Hu[X Areas CO, N,O CHy S0 NOx PM(10,2.5)
. AR . 866000 2300 30.1 666 3270 2900
Baishuzhuang community
P 2L X . 769 000 2050 26.7 592 2900 2570
Nanan community
KX

. . 705000 1880 245 543 2660 2360
Tianma community

- %¢F} Shangzhai village 641000 1710 223 493 2420 2150
FiBA#t Shiyang village 321000 853 11.1 247 1210 1070

% FH Lianwang village 256 000 682  8.91 197 968 858
ERF Yuepu village 256000 682 891 197 968 858
BFiXF Yezhao village 256000 682 891 197 968 858

_ NREER 96200 256 334 740 363 322
Xiaoguoyuan village

ARG B EE A, T
T e AR T MR RO RS« T UGS RIS 55
AT RS T BIA BT T HECRE DL ik 7
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Table 7 Environmental impact factors and emissions under
alternative biogas structure

kg
X Areas CO; N,O CHy S0 NOx PM(10,2.5)
. AR . 635000 224 556 3100 625 363
Baishuzhuang community
Pk]ﬁﬁ,z. 573000 20.0 507 2820 562 331
Nanan community
KRG #EX

. . 500000 18.0 428 2400 497 281
Tianma community

- 28F} Shangzhai village 440 000 16.1 367 2080 442 244
F7BAF} Shiyang village 232000 823 201 1120 228 131
% FH} Lianwang village 187 000 6.61 163 909 184 106
EHF Yuepu village 191000 6.67 170 938 186 109
X Ft Yezhao village 178000 6.48 150 839 176 96.4

. /J\%ﬁ. 64200 239 523 292 632 32.7
Xiaoguoyuan village
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Table 8 Environmental benefits of original system

kga™
Hi[X Areas Mo e "X PM emission
€mission €mission €mission .
) . . reduction
reduction  reduction  reduction
. A . 26942794 162.62 40.83 2533.49
Baishuzhuang community
LA 230788.18  82.52 29.95 224429
Nanan community
_ REEX 237299.61  257.38 4573 2079.46
Tianma community
%€k} Shangzhai village 231344.26  339.70 51.41 1902.33
FIFHAS Shiyang village 103 604.36  88.61 18.23 942.12
% FAH Lianwang village 81 050.29 59.17 13.62 752.54
FEARH Yuepu village 79 047.68 50.06 13.58 752.54
BPXAT Yezhao village 90 434.88 129.25 21.34 761.95
NI 3658420  70.57 10.79 289.16

Xiaoguoyuan village
VE: *CO, 4%, CHy N 21, N,O N 298,
Note: * CO, equivalent, CHy4 is 21, N>O is 298.
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Table 9 Changes in economic and environmental benefits of first-level system after optimization

25732 Economic benefits

A1 %425 Environmental benefits

S W e PG WERHE SO, WA NO A PM W
Item Net income/ )\P /a 4 Internal rate of Carbon emission SO, emission NOx emission PM emission
JiTG return /% reduction/(kg-a™) reduction/(kg-a’)  reduction/(kgra’)  reduction/(kg-a™)
Ejﬁﬂﬁ 23.44 7 14 126518.53 602.22 77.11 825.00
Yezhao village
AR 9.21 8 12 46037.11 220.33 28.38 308.75

Xiaoguoyuan village
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Table 10 Changes in economic and environmental benefits of second-level system after optimization

2573 Economic benefits

503 Environmental benefits

B FaTIY Y oy oy oy
lieEl Al s S EON SR GRS Ak SO, I A NOx PM Jik ik
Net income/ J‘P /a 7 Internal rate Carbon emission SO, emission NOx emission PM emission
JiTt of return/% reduction/(kg-a™) reduction/(kgra’)  reduction/(kgra’)  reduction/(kg-a™)
28N Shangzhai village 49.72 10 8 435287.35 2189.73 240.71 2134.18
Tl Shiyang village 29.06 8 11 207236.18 1094.73 118.78 1065.45
HEF A Lianwang village 23.53 10 9 164714.62 875.77 94.86 852.19
TR Yuepu village 24.18 8 12 165278.87 875.78 94.95 852.28
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Table 11 Changes in economic and environmental benefits of third-level system after optimization
2355 %425 Economic benefits R4 %435 Environmental benefits
biji} TREVA TSRS N N N N
aH W e RAVRER it 505 Wi NOw I YR
Net income/ - a 7 Internal rate Carbon emission SO, emission NOx emission PM emission
JiJt of return/% reduction/(kg-a'l) reduction/(kga'l) reduction/(kg-a'l) reduction/(kg-a'l)
HIME Baishuzhuang community 79.03 29 3 582 923.94 2956.07 324.24 2 880.40
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KE#[X Tianma community 77.74 13 5 477 413.94 2 408.68 264.57 2347.38
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Optimization simulation of medium- and large-scale biogas projects and
its evaluation of economic and environmental efficiency

Zhong Sheng, Niu Shuwen™, Qiu Xin, Wang Yipeng
(1. Key Laboratory of Western China's Environmental Systems (Ministry of Education), Lanzhou 730000, China;
2. College of Earth and Environmental Sciences, Lanzhou University, Lanzhou 730000, China)

Abstract: At present, with the continuous development of Chinese agricultural industrialization and rural urbanization, the
traditional household biogas has been gradually replaced by more efficient medium and large-scale biogas system. Medium
and large-scale biogas system can provide biogas as stable and clean cooking energy for rural residents depending on
centralized utilization of agricultural organic wastes. It has a good impact on the indoor and outdoor environment in rural areas,
and is in line with the requirements of the transformation of China’s rural energy structure. Further, it is a new trend for the
development of rural energy in China. In this paper, the cost-benefit analysis method is used to quantify the economic and
environmental benefits of these medium and large-scale biogas systems investigated by the author. Then, according to the
internal rate of return (IRR) of each original system, these original systems is divided into three levels: the first level
system-the better economic benefit (the IRR is greater than the discount rate 0.08), the second level system-the general
economic benefit (the IRR is less than the discount rate 0.08, but more than 0), the tertiary level system-poor economic
benefits (the IRR is less than 0). After considering the scale, benefits, conditions and the necessity of optimization of different
levels of systems, the optimization measures are formulated to meet the needs of reality in different levels. The results show
that: 1) The environmental benefit of the original system before optimization is generally good. Among them, carbon emission
reduction is the most significant. In order of project scale from large to small (Baishuzhuang community, Nanan community,
Tianma community, Shangzhai village, Shiyang village, Lianwang village, Yuepu village, Yezhao village, Xiaoguoyuan
village), carbon emission reduction can reach 269 427.94, 230 788.18, 237 299.61, 231 344.26, 103 604.36, 81 050.29, 79
047.68, 90 434.88, 36 584.20 kg per year, respectively. 2) There are great differences in economic benefits before optimization,
and the internal rates of return are as follows:-7%, -3%, -3%, 7%, 6%, 5%, 7%, 14%, 12%, which shows that the larger the
scale is, the more uneconomical it is. 3) With the discount rate of 0.08 and the O as the stratified points, the original system is
divided into three levels to optimize according to the internal rates of return of each system. 4) In the first-level system, the
economic benefits of the two projects (Yezhao village and Xiaoguoyuan village) are already good. After optimization, the
economic benefits decreased by 1.50% and 1.51%, respectively, but the carbon emission reduction increased by 112.88% and
134.43%, respectively. The overall optimization results are remarkable. 5) In the four projects (Shangzhai village, Shiyang village,
Lianwang village, Yuepu village) of the second-level system, because the internal rate of return is more than 8%, the economic
benefits are upgraded from general to good. In addition, the environmental benefit increased by 88.16%, 100.02%, 103.22%,
109.09%, respectively. The optimization effect is also remarkable. 6) In the third-level system (Baishuzhuang community, Nanan
community, Tianma community), the internal rate of return of most projects becomes positive after optimization, and the economic
benefits are upgraded from no to general, while the environmental benefit increases by 116.36%, 123.92% and 101.19%, respectively.
The overall optimization results are good. 7) The main measure of optimization is to cut down the operating cost, but the reality
is more complicated, so the local conditions should be adapted to local conditions, and the optimization measures should be chosen
flexibly. 8) Those large-scale systems need to actively refer to the national biogas project construction plan and strictly control
the cost when building it.

Keywords: biogas; environmental control; medium- and large-scale biogas projects; cooking energy; multi-level optimization;
comprehensive benefit



