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Integrated Evaluation of Circular Agriculture System:. a Life Cycle Perspective
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Abstract: For the point of view that recycling economy system is one of ways to achieve the low-carbon economy, we have made an
evaluation on a typical circular agriculture duck industry in Hunan Province, China, through improving the framework of life cycle
assessment (LCA ). The analysis indicated that the consumption of non-renewable resources,land and water were 48. 629 MJ,2. 36 m’
and 1 321. 41 kg, while the potential greenhouse gas ( GHGs) , acidification, eutrophication, human toxicity, freshwater ecotoxicity and
terrestrial ecotoxicity were 11 543.26 g (CO,eq),52.36g(S0,eq),25.83g(PO,eq),1.26,60.74 and 24.65 g(1,4-DCBeq),
respectively. The potential damage of aquatic eutrophication, freshwater ecotoxicity and terrestrial ecotoxicity was more serious than that
of GHGs. Main results were following: i. the circular agricultural chain promoted the principle of “moderate circulation” , which based
on the traditional production methods; ii. circular agriculture could not blindly pursue low carbon development. Instead, soil and
biological carbon sequestration should be considered, in addition to reducing carbon emissions; iii. circular economy and circular
agriculture should take other potential environmental impacts into account such as acidification , eutrophication and ecotoxicity , with the
exception to carbon emissions,to developed integrated system assessment; iv. LCA could provide a comprehensive assessment of circular
agriculture ,and it was worth of further study.
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Fig.1 Circular agriculture system evaluation model
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Table 1  Life cycle inventory of duck industry

Wy 5 44 B Bl RERS RAEF G Tk fin T AR S Ak IR R GE T &% &it® 5
fiE V5 #E MJ 11.768 1.435 5.673 2.053 0.15 27.55 48. 629 40. 848
- B IR m’ — 1.59 — — 0.77 — 2.36 1.98
TK IR kg 179 1088.41 3.67 0.01 — 50.32 1321.41 1109.98
CO, g 1140.37 123.39 487.217 164. 88 11.38 2769. 12 4696. 41 3944.98
co g 0. 483 0. 495 0.251 0.083 0. 006 1.451 2.769 2.326
CH, g 0. 066 0. 000 1 0. 007 0. 002 10. 01 0. 023 10. 108 1 8.491
N,O0 g 0.311 3.763 0. 005 0. 002 — 0. 028 4.109 3.452
NO, g 3.854 0. 355 1.438 0.482 2.8 8.346 17.275 14.511
HC g 0. 067 0. 000 1 0. 024 0.007 0. 001 0.138 0.2371 0. 199
PM,, g 0. 489 0.019 31.967 0. 041 3.003 3. 641 39.16 32.894
SO, g 3.505 0.797 0. 869 0.291 0.02 5. 009 10. 491 8.812
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HH 2R G0 W B HE R, PRI, 26 A R 9 8l 7= M ke HE J0VT
fili v, T NG PR 2R G T DR A Pk AT
“YR” VAL, A R WE A T A 08 8 A M Bk HE B R
S TRV 0 B0 ARl v 5 340 1) P 08 2 T = AR Y
W T A AR R R
3.4.4 A S IAEE B

(1) T A= iy J 400 v B0 5% 8 Ak 19 V(B 52.36 ¢
(SO,eq) , 5 2000 4 i F- A 3 35 5% /8 1k ¥ (5 1)
0.10% , FEAAE T RAE N T AL 3AF RS,
I3RS R G 56.17% | 20.76% Fl 13.14% .
RAERGAD R0 o i 5 380 NH, 8k, Hit, &
BRI 2 G HE. i T R G MR R S0,
HINO, 23 BOvE A AR BT R Ak iy = (X, A 38 3 g
ol SR 86 AT A 355 5 . WS 2 o SR A R IR AR Y v
{H M 25.83 g(PO,eq) , j& 2000 4F it 5 A 3 5
RVE(EI 1.36% . FERAEFEFMARE T RE,
AR 70.23% F122.88% M F ARG ETERES
FEAE v R B AR B AR KR I VAR SR, TR AE R
4 E I NH, ¥% R NO, [ de. B, % F 3 i
RGN el 4b #LF & FE A J2 00 450 5 A0 1 — A~ (]
B X T ARNE R GEN T, it R 28 it Ak IR, T HLIE 5
A HLIE A BEAE BCAE ), 2 05 5 8 R 0 G B it

(2) Ve AR EE 1 32 2 Tk S 4 & 3 2 R
HR 1) 4 S SO AT Al 400 1 A 2SR A 25 5%
BT AT R Z A S H IR T RIER G A&
20 NAREE M (0 A2 B, 4 1.26 g(1,4-DCBeq).
AT K R # e g, AR
HEAKIR W E SR AR 2GR R A ST ok K
1 B E S 3R 60. 74 . 24. 65 g(1,4-DCBeq) , 7%

Li LRIk, nT LA Y FEARAE BR A ™ b B9 38 2
SCPARHE R, A AR T 22 U 11 4K i 2 {ELO PR ARl o ThT
i PREE R AL & IR AL | AR 25 T 1 5 R 90 W A
R0 R A B ) P R L 2 il AR
PRLIH X7 P 22 T A 21 Al AR 5 AR B 2R 25 0T 3
AT RS, SR A LCA J7 3k , BEW 70 WL 4 1T 3 97
BARGE, ] W% 07k BAT it — 22 BT A (.

4 @i

(1) Gy Fh SR FE A A2 ™, BERE i, o5 K =
BIRZ B 7 BE B SE A T A AR N A% v A 3R
S5 U AN WG D, B ST AR e A AR RO
WA H IR IE L IRFR.

(2) PEER A 72 7 BE IR B R B, A BEH B
RARM K 30 751 2 JE A T - S8 R4 Wy (] e LA B 1
FrW 54 M 18] 42000 HE , A BE 4 1125 00 Ml B 1 o8
AN FRGE R = AR

(3) PEER A 7 25 0 iR % AR ICHE 09 [ 1, a8
I %% FE IR B AL VR E IR AL E SRR AE 2RSS
WE, #EL RGN IR R.

(4) LCA BB LU A 4 T b AN 418 21 28 3% LA 24
gl (G2t — B BT R

SE 3k

[ 1] ®Ede %, B RIEHRL BRI N 5k [I]. %
Bl Rl ,2004 ,35(6) :1766-1767.

(2] HERE, BRI, IR 30 & ARG T8 Al i F A s 248 5 R 1
R A BAALHT 5T ,2007,28(6) :731-734.

[3] #a&, skitE. BELASHKEN SOAET BHEFZ
HENT[T]. 7 HAb &R 2% ,2009,6:34-42.

[ 4] Rebitzer G,Ekvall T,Frischknecht R, et al. Life cycle assessment
Part 1 ; Framework , goal and scope definition, inventory analysis,
and applications[ J ] . Environ Int,2004,30.701-720.

[ 5] EkvallT. SETAC summaries[ J].J Cleaner Prod,2005,13:1351-
1358.

[ 6] Kramer K J, Moll H C, Nonhebel S. Total greenhouse gas
emissions related to the Dutch crop production system [J]. Agr
Ecosyst Environ,1999,72.9-16.

[ 7] Brentrup F. Environmental impact assessment of agricultural
production systems using the life cycle assessment methodology 1.
theoretical concept of a LCA method tailored to crop production
[J].Eur J Agron,2004,20; 247-264.

[ 8] Monti A, Fazio S, Venturi G. Cradle-to-farm gate life cycle
assessment in perennial energy crops[ J]. Eur J Agron,2009,31:
77-84.

(9] TWIH AR, RCR . 0T IR A /N A 0 R BT 3
WA (1] AL IR R4 22 41,2006 ,25(5) : 1127-1132.



113 B0 A T A A JR U A A B Ak R SR 2803

[10]  BJp. 3L LCA (WAE B AR AR Ay F YA J7 s 4 5 S F [18] Kaltschmitt M, Reinhardt G A, Stelzer T. Life cycle analysis of
S2ID]. b gt @Ak K2 ,2009. biofuels under different environmental aspects [ J ]. Biomass

[11] JEmk, FEAe e, R 06 2Rl 4 i L & T 1 42 5 BOR gl Bioenerg,1997,2: 121-134.

(I i ARl 8 5 5 X %) ,2006,2; 8-12. [19] XBpg 2, £/ A RPN [M]. dbat: (2% Tl i pit,

[12]  mb3cpR whivk. e = —3 e B A &[], 2003. 134-149.

EAE - B S 8 ,2000,10(2) :24-27. [20]  BRAK. TR MR A SR AL 7 iR 5 S UE

[13] Huijbregts M A J, Thissen U, Guinee J B, et al. Priority WF5E[ D], b .t E Ak K2 ,2008.
assessment of toxic substances in life cycle assessment. Part | ; [21] A aEsEr. r= A a RIEA ik Boni [ M. Jbnt K4 R
calculation of toxicity potentials for 181 substances with the #1,2002.105-115.
nested multi-media fate, exposure and effects model USES-LCA [22] THE, TWk, THZE. Tl 5 A dr 8 3R 58 A Al 7
[J]. Chemosphere 2000 ,41 :541-573. B [J]. BiESREERE,2002,21 (12) .742-744.

[14] Sleeswijk A W,Guinée ] B, Huijbregts M A J, et al. Normalisation [23] s, e, skm A, 4. oo [ Ak A . IR A 7 1Y 2R A JR 9
in product life cycle assessment; an LCA of the global and A RERTHAE S e HERC[T]. B4k 12,2006 ,26
european economic systems in the year 2000 [ J]. Sci Total (3): 59-63.

Environ 2008 ,390 :227-240. [24] Mgk AEWAT, 35, s PRk b (9 B b & dt O K 1 B I

[15] Haas G, Wetterich F, Geier U. Framework in agriculture on the Y1), ZH A BRI ,2003,22(1) : 60-61.
farm level[ J]. Int ] LCA,2000,5(6) :1-4. [25] X3, AR, BRih. 72095 0 B85 1) i & 5P [ T]. 36

[16] MR, A [R5k A A P S vl Az i JE] 91 66 #E R HE 5T # BiRh 5 1,2007,26(3) :82-83.

[J]. 4lr T #2244 ,2006 ,22 (11) :141-146. [26] Yang S S,Liu C M, Liu Y L. Estimation of methane and nitrous

(17] B, E s, oh [ b As A 39952 i 2 5 sk iiF g [ 0] oxide emission from animal production sector in Taiwan during

PR RL2E 2240 2001 ,21(2)  234-237.

1990-2000[ J ]. Chemosphere 2003 ,52:1381-1388.





