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Table 1 Biogas development and CO, emission reductions in China

Biomass resource

Current situation of biogas development

Rural living energy consumption

Household biogas Large and middle scale biogas project
Year ) Total Used Biogas . ) . )
Straw/ Livestock Total/ Straw/ Wood/ Coal/ amount of amount of production per B|oga_s Digester Running Bloga_s Bloga_s
(10*) r?igg{; / @o'y” (o' @' (10%) biogas biogas hougeh(ﬂd/ produgctgon/ \(I%Lim%/ amount gg?%ﬁﬁg p;a%%ﬁg(;n
digester/  digester/ (m* ) 3 3
' ) @t ) f(m*-m™)
2000 47677 60325 36999 28812 14101 16528  848.0 763.7 3389 25.89 48.81 10420 252.7 1.23
2001 48198 59477 41427 30491 17088 19298  957.0 8574 347.8 29.82 63.92  1359.0 263.9 1.69
2002 48665 59704 45347 32979 19967 22038 1110.0 1023.7 361.3 36.99 76.51  1560.0 240.1 1.84
2003 46257 60678 46127 33296 21092 22806 1289.0 1207.9 379.1 45.80 88.29  2355.0 208.3 1.84
2004 51457 61566 47932 33986 21091 21817 1541.0 1446.3 3845 55.68 286.27 2671.0 167.3 2.28
2005 52372 61624 48697 37202 18055 23367 1807.0 17159 4114 70.59 1724  3764.0 197.9 3.41
2006 54975 59864 50176 37853 18991 24811 2175.0 1957.3 418.3 81.87 233.76  5550.0 163.9 3.47
2007 55373 58761 51600 33998 18217 22961 2650.0 2487.0 3974 98.83 33402 8861.0 161.1 4.89
2008 58512 59824 58498 32420 16689 22360 3050.0 2858.9 3984 11389 50250 15956.7  156.5 7.11
2009 57803 61496 52331 34304 17535 22428 3507.0 3230.2 3839 12400 71496 22892.0 1421 9.17
* 2000-2010 [16] 2000-2010 [17] 2001-2011
[20]

Note: *tce means ton standard coal. These data were calculated by National rural renewable energy statistics 2000-2010"¢), China Agriculture statistical report
2000-2010™") and China statistical yearbook (2000-2010)%°!.



20 70 :ZEFC,i x P x &,
+Z(EF/.+nEF/.><a)><Nl.><[;><gN

i
+>» P x6_ —PB %0,
2000 2010 U Zk: e e

2000 2010 ™7 c. Co, kga C,.,
2001 2011 [ [21-27] )
CH,4 ( CO; ) kgla
2 CO, Crno N,O ( CO, )
co, ko/a Circo, CO,
1 kgla EFc; i CH,4 kg/(a: )
CO, 2 P i fa e CH, CO,
CHs N0 25 EF;,
3 CO; N.O ka/lkg nEF; j
N.O ka/kg «
NHs:  NOy A/
CO; ko/l(a ) ev N4O CO,
= 208 Py
CO; kola ok CO;
2 3 kg/kg P, ma &, co,
el kg/m® IPCC
CER' =C; cH, T CE,NZO + CER,co2 2 3
2

Table 2 Emissions coefficients of main greenhouse gas

Emission sources Emi_ss_ion Emission sources Emi_ss_ion Emission sources Emi_ss_ion Emission sources Emi_ss_ion
coefficients coefficients coefficients coefficients
CO, I(kg-kg™) 1.478 I(kg-kg™) 1.247 I(kgkg™) 1.436 I(kg-m™®) 0.714
CHq Ikga™ 19 I(kga™ 1 Ikga™ ™ 4 Ikga™ ™ 0.15
I(kgat ™) 0.739 I(kgat ™) 0.534 Ikga™ ™ 0.660 Ikga™ ™ 1.839
N:0 Ikgkgh)e  0.016 I(kg-kg e 0.016 1% 30
[29] N0 N
Note: sourced from reference [29]; N,O emissions are measured by N.
3 CO,
Table 3 CO, emission reductions of biogas industry in China
Household biogas Large and middle scale biogas project
CO, 10 Biogas CO, 0%
Year  Bjogas pgodEuctionl A B C D produsctigon/ A B C D
(10°m’) Scenario A Scenario B Scenario C  Scenario D (10°m’) Scenario A Scenario B Scenario C  Scenario D
2000 25.89 11741 974.9 222.6 753.6 1.23 115.73 106.24 70.40 95.70
2001 29.82 1352.3 11229 256.4 868.0 1.69 148.66 135.68 86.66 121.26
2002 36.99 16775 1392.9 318.0 1076.8 1.84 199.85 185.71 132.33 170.01
2003 45.80 2077.0 1724.6 393.8 1333.2 1.84 258.89 24474 191.30 229.02
2004 55.68 2525.0 2 096.6 478.7 1620.8 2.28 282.01 264.47 198.23 244.99
2005 70.59 3201.2 2658.1 606.9 2054.9 341 472.38 446.13 347.01 416.98
2006 81.87 3712.7 3082.8 703.9 2383.2 3.47 422.94 396.23 295.36 366.57
2007 98.83 4481.9 37214 849.7 2876.9 4.89 577.84 540.20 398.05 498.40
2008 113.89 5164.8 4288.5 979.2 3315.3 7.11 863.79 809.05 602.35 748.27
2009 124.00 5623.3 4 669.2 1066.1 3609.6 9.17 1130.25 1059.67 793.14 981.29
2010 130.78 5930.8 49245 11244 3807.0 11.79 1475.39 1384.64 1041.91 1283.85
CO, CO, A B C D

Note: CO, emission reductions are measured by CO,.
Scenario A means the scenario of straw substituted by biogas; Scenario B is the scenario of wood substituted by biogas; Scenario C is the scenario of coal
substituted by biogas; Scenario D is the scenario of straw, wood and coal substituted by biogas with proportions of 40%, 20% and 40%, respectively.
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Table 4 Multiple linear regression coefficient
Jltems A B C D A B c D
Unstandardized 1.737 6.010 1.442 4.990 0.325 1.139 1.115 3.857 3.595 3.493 3.109 3.380
Coefficients
Standardized 0.935 0.098 0.935 0.098 0.935 0.098 0.935 0.098 0.987 0.988 0.989 0.988
coefficients
t 70.464  7.399 70464  7.399  70.654  7.399  70.464  7.399 18720 18394  17.045  18.011
Sig. <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
5 CO,
Table 5 Composite Regression model of CO, emissions reductions biogas industry
Factor models . .
Items - > Composite regression models
Expression R F Sig.
Ceppan =1.85x, —150.21 0.992 93343  <0.001
A ERA ! Capa =1.73x, ~140.44 + 0,098 #2935
Crpppp =403 0.677 16.771  <0.001
Cippap =1.54x ~124.72 0.992 93343  <0.001
B Cpapp =144x, —116.61+0.098¢! 02936/
CERJz‘b‘B = 142632489367/, 0.677 16.771 <0.001
Cippac =0-35x, —28.48 0.992 93339  <0.001
c Cenye = 0.33x, — 26.62 + 0,098¢H#0-2409355x
CERJz‘b‘(' = 12 786-2489359)x, 0.677 16.771 <0.001
Cippap =1.19x, —96.42 0.992 93345  <0.001
D Cpnyp =1.10x, —90.15 + 0,098¢H 42429365
C — elA.DDS*ZABQ.SS/rZ 0677 16771 <0001 e

ERhb,D




Factor models

Items - 5 Composite regression models
Expression R F Sig.
A Cipyq =3.6x;, +130.54 0.978 350426  <0.001 C, , =356x, +129.11
B Ciy s =349x; +124.82 0.977 33834  <0.001 C,, =3.45x, +123.32
c Cerpe =311x, +103.3 0.977 33834  <0.001 C,. =3.07x, +101.96
D Cipyp =338x, +118.51 0.976  324.387  <0.001 C,, =3.34x, +117.91
Cx  CO; 10t & d b 4 B C D x1 10 x2
m’ X3 10°m°.

Note: Cgz is CO, emission reductions, 10%; & represents household biogas, o represents digester b represents biogas project 4 B C and D represents scenario;

And variable x; is the used amount of biogas digester, 10* household; variable x; is biogas production per household, m3; variable x; is the digester volume of
large and middle scale biogas project, 10°m®.
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Table 6 Comparison of predicted data and estimated data of CO, emission reductions in biogas industry 2010
Household biogas Biogas project
Substituted
scenarios Estimated value Predicted value Error rate Estimated value Predicted value Error rate
0% /10% 1% @ /10% /10% 1% @
1124.38 1145.30 1.86 2 406.96 2 362.44 -1.85
4924.49 5015.19 1.84 2702.03 2 649.51 -1.94
5930.77 6 042.97 1.89 2780.17 2731.70 -1.74
3806.96 3879.68 1.91 2615.26 2 561.56 -2.05
® CO;, @ =| - \/ .
Note: @®Emission reductions are measured by CO,; @ Error rate=|Predicted value- Estimated value|/ Estimated value.
3.4 2015 5000
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Simulation and prediction of CO, emission reductions of biogas
industry in China

Yang Yanli®, Li Guangquan?, Zhang Peidong®
(1. Qingdao Institute of Bioenergy and Bioprocess Technology, Chinese Academy of Science,
Qingdao 266101, China; 2. Department of Management, Party School of Qingdao Municipal Committee of the
Communist Party of China, Qingdao 266071, China; 3. College of Environment and Safety Engineering,
Qingdao University of Science and Technology, Qingdao 266042, China)

Abstract: Biogas project is a key program to renewable energy construction in China. As a daily-consumed
energy for livelihood, biogas can substitute traditional energy and provide clean energy for rural residents, which
can reduce the emissions of greenhouse gases such as CO,, CHy, et al. The CO, emissions by biogas utilization
are always calculated by IPCC methods, while, the CO, emissions reduction (CO, ER) by biogas utilization
should be calculated by many indexes, such as living energy structure, biogas development conditions, the
calorific value, used way, converting efficiency and carbon emissions coefficient of biogas and substituted fuel. It
is a complicated process with large amount of manpower and material resources consumed. Therefore, it would be
very useful to develop a simple and fast method to estimate CO, emissions reduction by biogas utilization. This
thesis research is about the application of composite regression method in estimating the process of CO, emissions
reduction by biogas utilization; the research indices include biomass resource, structure of rural living energy, and
biogas development condition. The results showed that the amounts of rural household biogas digester, biogas
production per household and the digester volumes of middle-scale biogas project were significant impact factors
of CO, emissions reduction by biogas utilization in China. Among which, there was prominent linear relation
between the amounts of rural household biogas digester and CO, emission reductions with correlation coefficient
(R?) equal to 0.992 and error rate less than 5%, S function relations between biogas production per household and
CO2 emission reductions with correlation coefficient (R?) of 0.677 and error rate below 5%, and linear relation
between the digester volumes of middle-scale biogas project and CO, emissions reduction with correlation
coefficient (R%) of 0.977 and error rate less than 2%. It indicated that all the simulation results were trustworthy
and useful, that was to say the composite regression model that composed by multiple linear regression and curve
fitting could effectively reflect the numerical relations between CO, emissions reduction and influencing factors,
also could be applied to predict the CO; ER by biogas utilization. According the 12 th Five Year Development
Program for Renewable Energy, the prediction results based on the method above indicated that the CO,
emissions reduction of biogas utilization could reach 6.18x10"-1.38x10° t in 2015. It is an effective way for
keeping important station of reducing greenhouse gas emissions to strengthen research on biogas utilization
technology, and promoting biogas project development in livestock farms.

Key words: biogas, regression analysis, emission control, CO, emissions reductions, simulation analysis



