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An evaluation on the using ways of agricultural wastes reutilization in Fujian

based on emergy and ecological footprint theory
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Abstract: The agricultural wastes, including crop straw and livestock and poultry feces, contain huge energy, and their
rational reuse plays a significant role in avoiding the squander of resources and the environment pollution. This paper
addresses this important issue by using the emergy theory and the ecological footprint theory. This paper first estimates the
total amounts of crop straw, and livestock and poultry feces in each of years in Fujian Province from 1997 to 2006,
according to the yields of the dominant crops, including rice, other grain crops, soybean, peanut, rapeseeds and
sugarcane, and the numbers of main kinds of livestock and pouliry, including hogs, bull, sheep, poultry, and rabbit
including two conditions of the livestock and poultry on hand and the slaughtered ones. The emergy theory is taken as the
main analysis method in this paper, and the total amounts of crop straw and livestock and poultry feces in each year are
transformed into emergy by transformity. The paper identifies five main ways of reusing and dealing with the agricultural
wastes in Fujian Province in resent ten years, including their uses as domestic energy (as the raw material of producing
biogas) , as fertilizer for returning fields, as the base of edible fungus, others such as the raw material of industrial
manufacture, even including the direct disposal of their untreated part. And the energy flow fig of the ways of reusing and
dealing with the agricultural wastes in Fujian Province is drawn, then the above five ways are respectively calculated in the
period from 1996 to 2007 by using emergy analysis method. Applying emergy theory and ecological footprint theory, the
value of the ecological footprint of this five ways is estimated per year basing on this theory, and the value of corresponding
ecological carrying capacity is also calculated at the same time, and lastly the analysis results of reusing and dealing with
agricultural wastes in Fujian Province are obtained by comparing the ecological footprint value with the ecological carrying
capacity value in each year from 1997 to 2006. The results shows that the annual average ecological footprint of the ways of

reusing and dealing with the agricultural wastes is 0. 963 hm’/ person in resent ten years in Fujian Province, and the annual
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average ecological carrying capacity value of the ways is 2. 262 hm’/ person, and the average value of the ecological surplus
of the ways is 1.299 hm’/ person per year. In this paper, the ecological surplus increased gradually from 1.04 hm’/ person
in 1997 to 1.54 hm’/ person in 2006. Tt indicates that there is still much room in the reutilization of agricultural wastes in
Fujian Province, and their full reutilization will greatly promote the agricultural development and the improvement in the
agro-ecological environment. Especially the untreated part of the agricultural wastes should be reused fully, it will lead to
the win-win situation of economic development and ecological conservation. Therefore the relevant departments should take

some measures to ensure the full reutilization of the agricultural wastes in Fujian Province.
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Table 1 The straw yields of main crops in Fujian from 1997 to 2006/10000t
i H Item 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
7K Rice Qc,  739.24 728.81 712.28 632.75 606. 8 557.52 523.44 545.62 526.57 508. 84
r 1 1 1 1 1 1 1 1 1 1
CR,  739.24 728.81 712.28 632.75 606. 8 557.52 523.44 545.62 526.57 508. 84
HAbA Y Qc,  222.54 229.3 229.89 221.93 210.48  205.71 189.72 190. 83 188.61 192. 69
Others 153 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1
CR,  244.79 252.23 252.88 244.12 231.53  226.28 208.69 209.91 207.41 211.96
K& Soybean Qcs 20.02 20.61 21.03 20.48 19.67 18.76 17.96 18.4 18.24 18.44
T3 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7
CR; 34.03 35.04 35.75 34.82 33.44 31.89 30.53 31.28 31.01 31.35
B4 Peanut Qc, 22.25 22.64 23.69 23.82 24.17 24.05 24.25 25.88 25.47 25.01
Ty 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
CR, 33.38 33.96 35.54 35.73 36.26 36.08 36.38 38.82 38.21 37.52
Tk Qcs 1.97 1.88 2.00 1.84 1.79 1.68 1.62 1.80 1.80 1.78
Rapeseeds Ts 3 3 3 3 3 3 3 3 3 3
CR; 5.91 5.64 6 5.52 5.37 5.04 4.86 5.4 5.4 5.34
HBE Sugarcane  Qcg  249.90 219.33 138.76 82.71 95.54  117.91 118.12 101.57 93.33 95.03
Te 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
CRs 24.99 21.93 13.88 8.27 9.55 11.79 11.81 10.16 9.33 9.50
3T Total CR 1082.3 1077.6 1056.3 961.21 922.95  868.60 815.71 841.19 817.93 804.51
Y A48 B LR r B U 1 SRR
F2 19972006 FEERETEEENEEHRE/ Tt
Table 2 Total amounts of livestock and poultry feces in Fujian from 1997 to 2006 /10000t
i H Item 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
A% Hogs Qdy;  1231.98  1365.14  1453.38  1560.81  1665.55 1770.33  1885.61  2002.75  2150.44 2229.36
My, 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05
Dy, 1293.58  1433.40 1526.05 1638.85 1748.83  1858.85 1979.89  2102.89  2257.96 2340. 83
Qd;,  976.53 1024.15 1049.55 1087.66 1125.42 1162.60 1207.26 1254.12  1277.40 1279. 12
My, 1. 46 1.46 1.46 1.46 1. 46 1.46 1.46 1. 46 1. 46 1. 46
Dy,  1425.73 1495.26  1532.34  1587.98  1643.11 1697.40 1762.60  1831.02  1865.00 1867.52
A4 Bull Qdy, 20. 10 20.33 20.76 21.31 22.37 23.89 25.58 28.79 26. 69 27. 80
My, 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2
Dy, 64.32 65. 06 66.43 68. 19 71.58 76. 45 81. 86 92.13 85.41 88. 96
Qdy, 117.82 117. 06 114. 59 111. 44 109. 65 109. 28 109. 32 107. 84 105. 69 100. 21
My, 3.703 3.703 3.703 3.703 3.703 3.703 3.703 3.703 3.703 3.703
Dy, 436.29 433.47 424.33 412.66 406.03 404. 66 404.81 399.33 391.37 371.08
A 2 Sheep Qdy, 70. 47 81.15 87.39 97.80 104. 01 107.77 118. 65 131.79 150. 31 163. 59
My, 0. 632 0.632 0. 632 0.632 0.632 0.632 0. 632 0. 632 0.632 0. 632
Dy, 44,54 51.29 55.23 61.81 65.73 68. 11 74.99 83.29 95.00 103. 39
Qds, 86. 35 91.30 93.75 90. 22 101.43 106. 39 123.77 128.94 136. 00 132.34
My, 0. 632 0.632 0. 632 0.632 0.632 0.632 0. 632 0. 632 0.632 0. 632
Dy, 54.57 57.70 59.25 57.02 64.10 67.24 78.22 81.49 85.95 83.64
A& Poultry Qdy 16364.4 18056.1 19146.6  20633.9  22002.7 23120.7 25315.0 27329.4 28757.6 29323.3
My 0. 005 0. 005 0. 005 0. 005 0. 005 0. 005 0. 005 0. 005 0. 005 0. 005

http ://www. ecologica. cn



2682 g & ¥ ik 30 &
gk
i H Item 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
Dy 81.82 90.28 95.73 103. 17 110.01 115. 60 126. 58 136. 65 143.79 146. 62
Qdy 10118.0  10450.0  10755.2  10930.2  11113.9  11509.4 11676.2  11920.3  11600.7 11637.1
My 0.003 0. 003 0.003 0. 003 0.003 0.003 0. 003 0.003 0.003 0.003
Dy, 30.35 31.35 32.26 32.79 33.34 34.53 35.03 35.76 34.80 34.91
P4l 4% Rabbit Qds;  981.84  1040.95  1106.31 1178.96  1234.96  1313.81  1427.64 1505.56  1559.27 1559.33
My, 0. 008 0. 008 0. 008 0. 008 0. 008 0. 008 0. 008 0. 008 0. 008 0. 008
Dy, 7.85 8.33 8.85 9.43 9.88 10. 51 11.42 12. 04 12.47 12.47
Qds, 662.77 673.82 655. 30 714. 40 719.38 760. 31 763.35 801. 87 822.67 806. 26
Ms, 0.055 0.055 0.055 0.055 0.055 0.055 0.055 0.055 0.055 0.055
3T Total Ds, 36.45 37.06 36.04 39.29 39.57 41.82 41.98 44.10 45.25 44.34
D 3475.50 3703.20 3836.51  4011.19 4192.18 4375.17 4597.38 4818.70  5017.00 5093.76

W QdFm s i MEBBE(TX) J =1 FRERBEER ] =2 TRERTRETE S MF0RHE | Fhas BRI A W P e HE R (v

SR) B IR E TR 5 R A A AAE AL BRI

x3 BWEH 19972006 FRIEFHEEER
Table 3 Emergy of agricultural wastes in Fujian from 1997 to 2006

FEFF Straw E B %(F Livestock and poultry feces S Total
40} Year SRR et S et i o
Original data/10'7] Emergy/10?! s¢j Original data/10'7] Emergy/10?! sej
1997 2.04 5.50 1.21 1.61 2.16
1998 2.03 5.48 1.29 1.71 2.26
1999 1.99 5.37 1.34 1.78 2.32
2000 1.81 4.89 1.40 1.86 2.35
2001 1.74 4.69 1.46 1.94 2.41
2002 1.64 4.42 1.52 2.03 2.47
2003 1.54 4.15 1.60 2.13 2.54
2004 1.58 4.28 1.68 2.23 2.67
2005 1.54 4.16 1.75 2.32 2.74
2006 1.51 4.09 1.77 2.36 2.77

T AT IR B 3R 13RI AT AR RIS HR N 2.7 X 10%se/T, Y8 1 S SCHR™®) 5 35 A 26 R AR 508 1 3 2 3R % B S RB ML L R
1.33 x 10%sej/J, J25:2% SCHR " o ST B VA 300 AN VRC A 1B 7400 R AL e P

3.2.2 RlVEFYEMA AT XRELS
TR LR RO R S B A B A R 7 X =

Jo . —S— M —s— i —A— it

BA TR OfE AR G BEUR, AP R L o jj./r—-//—r"’_/‘_:./w——"/ﬁ_‘
BAEFRAE BRSPS, SOR BB R T 5 5|
455 QFEMIRHE B O M B IR @ £ 1o
RFAFR, FERENTIERORFMALETE 2 05 ¢——0—t—o o o o o o

BEFE . itaEa RO RS AL 3 D5 S RE
EME(E2) .

(1) VDAL RETR

MV R FEIAE o A 0 R VR E AR B E W Oy T - — 7
T LAY R 3490 JEORE R A P T S, AR TR Sk 2R
K 75— R ERIRPERE AT, O EHE R
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AE4f Years

1 BEEARUEFUEENSELES
Fig. 1 Emergy of dynamic change trend of agricultural wastes

in Fujian
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Fig. 2 Energy flow of main using manners of agricultural wastes in Fujian

R FIRIMEL . RIEEEA HITEEARACE 10 EARMEA T LIF=4: 4m’ VRS, B AR (HR
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Table 4 Emergy composition of utilization ways of agricultural wastes in Fujian from 1997 to 2006/ sej

(0 Year it éizvﬁﬁlzﬁ H@ﬂ ﬁﬁj%ﬁ%ﬂ ﬂ%frﬂfﬁ ot

Total Domestic energy Fertilizer Base of edible fungus Unutilization Others
1997 2.81 x10% 6.60 x 102 1.00 x 102 1.80 x10% 6.85 x10% 4,135 x 10*
1998 2.92 x10% 6.55 x10% 1.01 x 102 1.85 x10% 7.10 x 102 5.055 x 102
1999 2.98 x10% 7.54 x10% 1.01 x 102 2.07 x10% 7.86 x10%° 4.567 x 10*!
2000 3.01 x10% 7.55 x 102 9.37 x10% 2.35 x10% 9.07 x10% 5.078 x 10%
2001 3.07 x 102 8.06 x 107! 9.49 x 10* 2.22 x10% 9.60 x10%° 5.368 x 10%!
2002 3.14 x10% 9.37 x 10% 7.40 x 102 2.35 x10% 9.16 x 102 6.779 x 102
2003 3.22 x10% 1.15 x10% 7.05 x10% 2.49 x10% 1.26 x 10% 5.341 x10%
2004 3.35 x10% 1.28 x10% 7.12 x10% 2.64 x10% 1.28 x10% 5.236 x 10%
2005 3.41 x10% 1.39 x 10?2 7.05 x 102 2.84 x10% 1.38 x 10% 4.786 x 10*!
2006 3.43 x10% 1.44 x10% 6.96 x 10 2.98 x10% 1.41 x10% 4,632 x10*

AR AB A3 r CHOR A r =0, 15m m =2 d ™1 KRS AIGE S0 B MEAE 52 0 SCiik T

(2) VEJgRekt

5 AT R B R FE A A SR S ERRR o SRR F = Sk R AR, T EL R
B, a0, FEFTEAWUR H 4. St, 35 ARF B 7= 3k 14. 6% |, J5 52 B Bedl 7= 383K 20% 7 52003 4£ 5538 4
Je MBI KL F R E B B I E IR AT IR AR 2 2800 J7 t, A0 T 24 4R (L HE T 2% B 1 60% LU
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REALA H AV % F P B (B T o5 ELBIZE Bk /N , L Fig. 3 The change of proportion of utilization ways of
2002 SE TS E AR, FE, EFEYIE N R ATE  esricultural wastes in years
FERH REAE S B LL (1) B AE 3 i, BB 1 o L AR DS,
n:1997 45 0.9% 2006 4 &5 1.1% , FH UL AR AR B . BRub =240, Hofth 54 b % 754 F1 R 77 =X o5 7 Ee )
FEIE 10a NAREAR K, HJEFE 2002 4F BRI 3, H B KME 27% , X RAEBEE U RIVEFMIENE R
Tk Tk JFRHE B AR A KB, F B EA AN IZ A, UHRRE R R FE Y1 & & ReE, ATx
TEBMWFREESEERSE B L, RERE S BIRE L EBK, AN T X RV E T 1E Rk
HIE, RTIHFSE R RAEFYE N E SRR R B R R R BRIACR . KA R B R FE R
WIEFHET & L2 BT X — R T IR AR b, T ELR B 5 L T 35E , RAFA RERI]
SRR PAE I , AR AR 5 7 A R F DA SR RS B AR S Tk
3.3 RWEFYEDRB T
R 1997—2006 FLMEFYEAFF AT XM ERER I ITES R (K 4) . p KBS —E, 2ERIL
IR FEYI T FRFEFT 6 12t 8 B 240 26 12 t 1155 B B ABIE R 3. 05 x 107 sej, & H i E AN 9. 6 x 10°hm” , 3R 1
p B9 3. 18 x 10™ sej/ hm® M o iy FRTsR M ll % Fe A1 P B A 249 2 25 AR 38 0 A A3 A 25 R, PR e -
Bk FItE A R SRR TCRBE RIHEL) . PENEEAFERIEFY REE L A i
AR 1.21 x 10"hm® 355 AR EA 1997—2006 4EAR VR F A R B RB S MAR A B RBLER(ES) .
M S FATLLE Hi,1997—2006 448 5248 W AR Ml % 5 W VE Dy He 17 BEVR i\ 1 20 785 2 00 2 A Sk 13 728 ¥ 1
K, TAENAERHE H A3 R FE B/ , X PR 7E AR AR AR R A A 7 Y Rl b 5 = i,
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BT AE A EER R EFTY (FZEREF) fRERR D, AR R Bt ok, HAoth—R WV EFY
FIF 7 A A2 JE AN WD, (8 2 B A ] FE A G B B2 08 3 AR L R 7o) A2 sl 2 e . fik 5
HIBARRTARH 3 10a SRABEA R EF WA A A R I 2 B #T /N, 41996 4 1.03hm*/ A,
] 2006 47 0. 91hm®/ A, AE¥ A2 JE8 24 0. 963hm?/ A 5 #8 B4 ARV & 770 A F O 28 10 AR 25 7R 3 1 7 3
i, 4 1996 4E 4 2.07hm?/ A, E 2006 4EHEfNE] 2. 45hm?/ A AER A SARE 10 2.262hm’°/ A, RIS, 182
48 1996—2006 4F[B] AV E F4 AL FASBAIRE , - B8 K, 10a S0V E 79 7R R AE AR
BAE T 1.299hm*/ A,

R5 BERE 19972006 ERWEFWHALEARANESETSERREN LR/ (m*/A)
Table 5 Comparison with ecological footprint and ecological carrying capacity of using ways of agricultural wastes in Fujian from 1997 to 2006/
(hm?/person)

s " Pr P &
T e oo LBt S o efos
energy Fertilizer edible fungus Unutilization Others footprint carrying capacity surplus

1997 0.31 0.48 0.01 0.03 0.20 1.03 2.07 1.04
1998 0.29 0.45 0.01 0.03 0.23 1.01 2.16 1.14
1999 0.33 0.44 0.01 0.03 0.20 1.00 2.20 1.20
2000 0.31 0.40 0.01 0.04 0.21 0.97 2.17 1.20
2001 0.32 0.38 0.01 0.04 0.21 0.96 2.21 1.24
2002 0.36 0.29 0.01 0.04 0.26 0.95 2.24 1.29
2003 0.43 0.26 0.01 0.05 0.20 0.95 2.29 1.35
2004 0.44 0.25 0.01 0.04 0.18 0.93 2.39 1.47
2005 0.47 0.24 0.01 0.05 0.16 0.92 2.44 1.52
2006 0.47 0.23 0.01 0.05 0.15 0.91 2.45 1.54

4 ZEiE

XA 1997—2006 FRANEFY) (LIEREVFETTME S 26 ) FI AL 5 =X 5 REAE I 71 4l
8,3t R FRRE 5 A RIBAESE & 7k R @A R E 79 R 7 & BT 45R%KM,
TR T 10a S B F A F 7 AR A R R 0. 963hm®/ A, AR AR E 18 2. 262hm°/ A, )A
T A5t AR A RO F R I s A S BAR 1.299hm*/ A, X B AR 84 A A O IR AR e 40 B 25
], HEREFAAEEEEFWRIEFY , RGeS IR LI, U E S kit S ST s MR A
POy V€A ORNE
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