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Evaluation of Greenhouse Gas Emission Reduction by Balanced Fertilization in China Using Life Cycle

Assessment

ZHANG Wei-hong, LI Yu—e", QIN Xiao—bo, WAN Yun—fan, LIU Shuo, GAO Qing—zhu

(Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences/The Key Laboratory for A—

gricultural Environment, Ministry of Agriculture, Beijing 100081, China)

Abstract: In recent years, China has actively been promoting the technology of balanced fertilization, which has greatly reduced unfavorable

effects of fertilization. Studying the effects of this technology on the minimization of nitrogen fertilizer use and the reduction of greenhouse

gas emission would provide the basis for establishing inventory of farmland greenhouse gas emissions and proposing measures for agricultural
greenhouse gas emission reduction. In this study, data from the relevant literatures was used to estimate the amount of nitrogen fertilizer sav—
ing by balanced fertilization. Life Cycle Assessment(LCA ) was used to evaluate the reduction of greenhouse gas emissions by balanced fer—
tilization. The amount of emission reduction in farmlands and industrial processes was estimated by the methods used in the 2006 IPCC

Guidelines for Nation Greenhouse Gas Inventories and the specific(primary) energy consumption(SEC), respectively. Balanced fertilization
reduced the use of nitrogen fertilizers by (27.23+7.42 )kg N-hm™. In 2013, the total emission reduction by balanced fertilization was 25 003 500
tons CO,—e, of which 11 718 300 tons CO,—e was from farmlands. Of farmland sources, 10 142 100 tons CO,—e was direct N,O emission re—
duction and 1 576 100 tons CO,—e from reduced nitrogen volatilization and leaching/runoff. Industrial processes contributed to the reduction
of 13 285 200 tons CO,—e from the conservation of 5 834 500 tons standard coal by reduced nitrogen fertilizer production. Implementing bal—
anced fertilization could reduce nitrogen fertilizer use and thus greenhouse gas emissions.
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Figure 1 Distribution of experimental stations
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Table 1 Default emission factors of IPCC
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Table 2 Energy consumption for producing nitrogen fertilizer
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Table 3 Energy consumption for producing nitrogen fertilizer in China
Rk PR TR e Tt Ak
Fertilizer type Urea Ammonia bicarbonate  Ammonium nitrate  Ammonium chloride
L5 HEFE Energy consumption of unit nitrogen fertilizer/kg ce*t™'N 1 070.9 437.2 410.5 698.6
U Nitrogen content/% 46.7 17.7 35 26.2
44545 BEFE Energy consumption of unit pure nitrogen/kg ce*t'N 22932 2 470.2 11729 2 666.5
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Figure 2 Land area under balanced fertilization in China

from 2006 to 2013
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Figure 3 Nitrogen fertilizer saving caused by balanced fertilization
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Table 4 N,O emission reduction by balanced fertilization( 10 tons )
Iy WA P NO HHp R N,O [ D N,O [ElZI ) N,O BN Total
Year Nitrogen }lsage .D?rect N,O . CO,—e Indirect Nz(.) emission CO,—e . Ir.ldirect NZQ CO,—e . T.otal N,O ' COye
reduction emission reduction reduction® emission reduction@ emission reduction

2006  47.32+12.74 0.63+0.17 188.35 0.07+0.02 22.16 0.128 5 38.29 0.83+0.19 2438.81
2007  116.48+31.36 1.56+0.42 463.64 0.18+0.05 54.55 0.128 5 38.29 1.87+0.47 556.48
2008  163.80+44.10 2.19+0.59 651.99 0.26+0.07 76.71 0.128 5 38.29 2.57+0.66 766.99
2009  182.00+49.00 2.43+0.65 724.44 0.29+0.08 85.23 0.128 5 38.29 2.85+0.73 847.96
2010 200.20+53.90 2.67+0.72 796.88 0.31+0.08 93.75 0.128 5 38.29 3.12+0.80 928.93
2011  218.40+58.80 2.92+0.79 869.33 0.34+0.09 102.27 0.128 5 38.29 3.39+0.88 1 009.89
2012 236.60+£63.70 3.16+0.85 941.77 0.37+0.10 110.80 0.128 5 38.29 3.66+0.95 1 090.86
2013 254.80+68.60 3.40+0.92 1014.21 0.40+0.11 119.32 0.128 5 38.29 3.93+1.02 1171.83

T N0 FHIBHR R LD NLO BHRRHR S ; N0 I HR R D7 i T U5 /0™ AL s i 5 N0 [ HAE Q)" Ik i AR Ui e A L X

H TR AR LR A AW

e .. . . . . “r 1. .. . ” .. .
Note: “Direct N,O emission reduction” : Direct N,O emission reduction from soils; “Indirect N,O emission reductionD” : N,O emission reduction because

of the nitrogen volatilization reduced; “Indirect N;O emission reduction®)” : N,O emission reduction because of the N leaching/runoff reduced in regions where

leaching/runoff occurs.
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2013 4Ff9(3.93+1.02) 77 t, Bl 2006 48 HE 248.81 1
t CO,—e, Fifi 7 00 - Tic J it NE TETRR AR 3G 0T, 2013 AF 0 HE
HIRE] T 1171.83 1 1 COe(F 4),
23 Tl EFaeRHEE
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B RERENIACEIME 2 289.85 kg At -t 4%, 15 Hi A
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Table 5 Reduction of CO, emissions in industrial

processes( 10 tons )

A0y TR Fay WAL Coal  CO, BHELE CO,
Year Nitrogen usage reduction usage reduction  emission reduction
2006 47.32+12.74 108.36+29.17 246.73+66.43
2007 116.48+31.36 266.72+71.81 607.33+163.51
2008 163.80+44.10 375.08+100.98 854.05+229.94
2009 182.00+49.00 416.75+112.20 948.95+255.49
2010 200.20+53.90 458.43+123.42 1 043.84+281.03
2011 218.40+58.80 500.10+134.64 1 138.74+306.58
2012 236.60+63.70 541.78+145.86 1 233.63+332.13
2013 254.80+68.60 583.45+157.08 1 328.52+357.68
3 e
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Figure 4 Trends of greenhouse gas emission reduction in

farmlands and industrial processes from 2006 to 2013
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