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Evaluating the ecosystem sustainability of circular agriculture based on the
emergy theory. a case study of the Xingyuan circular agriculture
demonstration site in Fuqing City, Fujian

ZHONG Zhenmei, WENG Bogi *, HUANG Qinlou, HUANG Xiusheng, CHEN Zhongdian, FENG Deqing

Agricultural Ecology Institute, Fujian Academy of Agricultural Sciences, Fujian Engineering and Technology Research Center for Circular Agriculture Fuzhou ,

Fujian 350003, China

Abstract ; Since the introduction of the Circular Economy in the 1990s, the management practice of circular agriculture has
been rapid advancement. Based on the principles of sustainable agricultural development, circular agriculture has been the
subject of numerous reports, which have evaluated and studied the development of this new agricultural practice at different
scales. However, one of the most widely used methods of accounting for different forms of energy and resources—the emergy
theory—has yet to be employed in evaluating circular agriculture. Emergy describes one kind of available energy that is
used up in transformation, directly or indirectly, to make a product. It measures quality differences between forms of energy
that are generated by transformation processes in nature, and that support work in natural or human dominated systems. In
this study, the emergy analysis method was partly modified and specifically tailored for circular agriculture systems, and
then used to evaluate the sustainability and economic benefits of ecosystem development. To validate the feasibility and
quality of the improved emergy analysis method, we conducted assessments in four complex circular systems at Xingyuan
circular agriculture demonstration site in the city of Fuqing, Fujian Province. We found that total production input could be
substantially overestimated under the traditional emergy theory, as the systematic feedback emergy was accounted into total

inputs. Further, the environmental stresses from the tremendous amount of wastes generated in the studied systems were not
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considered in the traditional emergy theory, and as a result, the sustainability of the conventional *pig-only’ farm was
estimated to be 2. 8% —11.52% higher than that of the studied circular systems. In contrast, the improved emergy analysis
method could evaluate the sustainability of the circular systems more efficiently and accurately, as the most important
advantage of circular agriculture—decreasing the total inputs and reducing environmental stresses by converting the
systematic wastes into renewable resources—were factored into the new analysis. Furthermore, the improved emergy theory
recognized the circular system as a whole by carefully defining the boundary conditions and energy fluxes in and out of the
system, which reflects the real production processes both by design and in practice. According to our evaluation using the
improved emergy method, the emergy sustainable indices ( ESI) of the circular systems were improved by 23. 449% —
33.86% compared to that of conventional pig farming. The circular system of ‘pig farm-biogas system-compost production-
cultivation” had the highest overall benefit among the four circular systems, as demonstrated by the highest ESI, lowest
environment load ratio (ELR) , and second highest emergy yield ratio (EYR) , which was only slightly smaller than that of
the circulating system of ‘ pig farm-biogas system-cultivation’. The circular agricultural system is essentially an interactive
combination of multiple sub-systems. Its ecological benefits should be measured by the system efficiency rather than the
length of the production chain. This is supported by our evaluation using the modified emergy theory: the pig farm-fire
damp-compost production-mushroom farm-cultivation’ system, with the longest chain in all four studied systems, had the
least ecological benefits. Further investigations into the model efficiency are required to improve flexibility and applicability

of the improved emergy theory in larger areas or more complex systems.

Key Words: complex circular ecosystem; emergy analysis; sustainability evaluation; economic benefit
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Table 1 Combined projects of subsystem by different circular mode
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Fig.1 The emergy flow diagram of combined ecosystems
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Table 2  The emergy flows of five kinds of combined ecosystems
i H Items it HE Control 1 2 3 4
AT A SR % (R) Renewable natural source 1.79x10'®  1.87x10'®  1.87x10'®  1.87x10' 1.87x10'°
AT [ SRR (V) Nonrenewable natural source - 4.14x10™  1.31x10'"  4.14x10™ 1.31x10'
AT HEH TAlLfE ( F) Nonrenewable industrial energy 2.55x10"®  2.93x10'®  3.07x10®  3.16x10' 3.30x10"

SNBEARATETALRE(T')

Renewable organic energy from the outside

RGLSFBA BT A HLRE ()

Feedback organic energy from the inside

6.70x10"  7.23x10'®  7.45x10'®  7.37x10™ 7.58%10'8

3.88x10'  1.53x10'®  1.58x10'®  1.98x10" 2.03x10'®

BATEHAMLEE(T) The total organic energy 6.74x10"®  8.76x10'®  9.03x10®  9.35x10'® 9.60x10'®
BB (Y') Output emergy 6.38x10°  6.83x10"  6.88x10"  6.98x10"  7.04x10"
7 BB AR 1521 R ST AR5 (f) Output emergy fed back systems - 2.31x10"  2.31x10"  2.31x10"  2.31x108
JEFF I BENH.(W) The waste emergy 1.49x10"  1.79x10"7  1.35x10" - -

2.2 PARRRE(E AT )54 0 HgR
32 2 PR B E R 1 19 5 7R & 5 ARG 2250 (1) —(8) 715 &5 R sk 3 Fros . PRI IT
BRI G LS R GUFREE™ R (EYR) MIFEL R (ELR) K TLERE IR R G, ML S i RE(H
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Table 3 The emergy indices of five kinds of combined ecosystems

ope f?%ﬁﬁi?&%?ﬁﬁﬁiﬁﬁﬁﬁ% ﬁ%i?&%%ﬁﬁ[ﬁ%ﬁﬁ%
; The traditional emergy analysis method The improved emergy analysis method
Index EYR, ELR, ESl, s, EYR ELR ESI s

I8 CK 6.87 0.38 18.20 0 6.87 0.60 11.99 0
1 5.91 0.33 17.70 0.30 6.72 0.43 15.65 0.26
2 5.72 0.35 16.32 0.34 6.49 0.43 15.25 0.31
3 5.69 0.33 17.36 0.39 6.69 0.42 16.05 0.36
4 5.51 0.34 16.03 0.44 6.47 0.44 14.80 0.41

EYR, \ELR, ESI, .S, S} MHRARAR (1) (2) ((3) ((4) 315, EYR ELR (ESI.S P RIEA(5) ((6) (7) .(8) 5

2.4 ARRIFRGEABIFENEGEBREET LT

AN E G E R RGREE T IR A UG T R G L REE AR H RE(E AR NS Hh 2 & RE M
A= A B R G REE = e & = e R R G RS, 45 SR 2 4 i, MBEME 5% MmN (E 4
Mr 4 FiE A4S RGRIREM ST MM E =B R T 4l 9 A R F7 50, FRARIE M 2. 18% —5. 82% , i REH 14+
W g5 TGN 6. 62% —9. 16% , R LA GG B G RGN A 77 RBOR B REAR, (B SR #5359, i 5 S brA:
7R A AE PR R R TR ARST . NI M E AT 4 BV B A8 R G0 7= 15 L RS20 i) A2 5 97 5 A
e AT TF i T 25 L BR 2l A A8 30t v 5. 42% —19.10% , # W Z BT R £ 09 T4, — 2ok 7= 5 B AR
JEARAELAE P i, (H A B0 4 i 1o e v e v A BRI 22 B (L, DR S SR A v 7 1 SR 5 B 4 7 R (A7
M,
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RGREMEE™ IR B L SRR N R 2 —  FR 0 T R G0 BB 5 2 R GURE(ELE ™ HH 19 90. 25%
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Table 4 The economic value of five kinds of combined ecosystems

HETTE REMLEMMNE $ Em $ BAEMIE Y Cash Value
Combination BAXI0® 7 Hix10° PRI HlER <100 BEAXI0® RHix10° [ 324 il x10°
project Tuput Output Yield/input ~ Net yield Tuput Output Yield/input Net yield
CK 1.88 12.91 6.87 11.03 22.85 31.34 1.37 8.48
1 2.06 13.82 6.72 11.76 23.16 32.09 1.39 8.94
2 2.15 13.93 6.49 11.79 23.74 32.75 1.38 9.01
3 2.11 14.13 6.69 12.01 24.20 34.19 1.41 9.99
4 2.20 14.24 6.47 12.04 24.78 34.85 1.41 10. 10

BTN 5% R GEAL , RGN TRIRER A ELFRAE Y, 7 R LB AT B8 L, el P th S A 2 22

3 Fighitie

TEFRAO 2 G BAT R SR U A S B R & 45 SR (M JR3E | A AR D BRI M 25 Y E
WM E G AB R, RS R R RER AR L THUE 2R B0 (T RS0 Wk I 55
TR GE RS L S I AL A R IR RGO R INRE ™ . AR XM E SRS R0 RGN TR %
U RS BRI T R GEANE SR BEE R LA RGLA5H , K R G i RIIRE , A e 2 T
TR GERENE T L I M IRAO R GE BEA % 187 (8 P ST M 20 A 5 A 23 W S5 REAEL 0 A i B A A ]
XA R GE MR L0 DKL, ASRE LS S I I8 5 0 9 DAL MU PR SR AL SR STt . ASHFTE 88 I (9 IR0 1
ARG IR E ST, HLRE(EN 1.49%10™ sej (3 2) , LRI FTIX 8 20 BEAELAF o A7 OB BBt B0V U T 7
TRGERANUIEA: = AR T A= A 98D 1A 2 W SR REME BN, 55— 05 TR FE OISR s> 17 3R 875
G BEARIAEEIR T, I AT 3 RE (R PR 58 07 2R DR L SR AR Y /1N PR S5 7 7 FH B B B8 0 M 3 i 45 7K
AbBRAR ST, S5 RR W T8 25 TR WAL BRAL AR S0 A 58 B REAE 3 B 7 VA4S Hh A9 45 2R 5 15 /K Ab 2
RO TR AR 22 5 AW A R RIS M E & RS R EREA T T I E S E S RGN
— R BE RGN TR T RGN SN BRI RUIRDL , B RE R VAE R A AR S R G AR
Olo PSR LU, I BEAEL 3 07 12 00 A R GE ) B (A 1 e AT R G T 82 R AT
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M bel & — A LR SR A T B A 25 B, AR i AT A v 52 3 17 37 2657 it i 4 L JRURE R A e gh i — T
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BRI REE)™ A 4 PG 2 R B IR R, n] DR BRGE A A8 KT AN BRI R de lF RO 2, R AL RE A A 4%
PEAE TR G B AR IR AE - 1R AR " 5 RGN A TSR AE 4 FhALa P 10 A P 0R B
TARAUREAR 5 4 77 HE R (Y TR VORI I, A0 e A e 2075 TR 5 IR B M) B PR 58 7R 2 RE T, BT
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