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Emergy evaluation of an agro-circulation system in Beijing suburb. take Jianyan

village as a case study
ZHOU Liandi', HU Yanxia"*, WANG Yazhi', LEI Qingguo’

1 The institute of Integrated Development of Agriculture, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097 , China
2 Bureau of Forestry Zoucheng, Shandong Jining 273500, China

Abstract; Researchers and decision makers paid close attention to cycled agriculture, but few studied quantitatively with
the point of industry economy. The aim of this paper is to evaluate an agricultural circulation system as a case study using
the emergy accounting method. This agricultural circulation system consists of three subsystems: agro-planting subsystem,
cow-breeding subsystem and mushroom cultivation subsystem. Results showed that cow-breeding subsystem and mushroom
cultivation subsystem use large amounts of purchased resources and have lower emergy yield ratio and also have higher
investment ratio and environmental loading ratio, it means that these subsystems had depended on the outer inputs and their
sustainability is very low. Actually, both of the two subsystems are economically profitable in the case that they are
syncretic with each other and with planting subsystem by affording the original materials and disposaling the wastes. The
emergy investment ratio and environmental loading ratio of the circulation system is lower than the subsystems. it indicated
that the agro-circulation system decreased the dependence on the outer economical inputs and natural resources, and can
compensate the used resources. Furthermore, the emergy yield ratio and emergy sustainable indices of the agro-circulation
system is relatively higher than the separate subsystems, which demonstrated that this model can ensure higher economic

profits. The government should encourage this model and provide so quantitative subsidies to the farmers and managers who
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takes this model.

Key Words:; agro-circulation system, ecological economy, emergy evaluation
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Fig.2 Energy flow diagram of agro-circulation at Jianyan in Miyun of Beijing
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Table 1 Emergy analysis table of agro-planting sub-ecosystem

BT BT 5 Re
BEI Koiw Bfi Energy M WIBUGISD AL REMEFEIRE O GBI/ (Sej/a) %
Resource Quantity Unit  conversion ~ Unit  Energy or  Unit  Transformity Unit Emergy
factor material flow

] B (R) Renewable resources (R)

K PFHEE Sunlight 2.67x10°  m?  3.30x10° J/m* 8.80x10" J 1 Sej/J 8.80x10%  <0.1

MK k268 Rain, Chemical 2.13x10° m®  4.94x10° J/m’® 1.05x10' J 4.28%10° Sej/J 4.51x10"7  7.90

KBE Wind 2.67x10°  m?*  7.50x10®°  J/m> 2.00x10% J 1496 Sej/] 2.99x10'®  52.42
2.99x10'

ANAT T %5 (N) Non-renewable resources (N)

F 2R Loss of topsoil 2.67x10°  m*  8.37x10* J/m?* 2.23x10" J 6.25x10* Sej/] 1.40x10®  <0.1

Y B FI55 % (F) Materials and services (F)

N HE Nitrogen in fertilizer 24750 kg 6.38x10'2  Sej/kg  1.58x10"7  2.77

P A Phosphorus in fertilizer 26625 kg 6.55%x10" Sej/kg 1.74x10"7  3.05

K At Potash in fertilizer 20500 kg 2.92x10'2  Sej/kg  5.99x10'6  1.05
3.92x10"7

578177 Labor 7.88x10* A 1.05x107 /AN 8.24x10" J 1.24x10° Sej/] 1.02x10"%  17.90

¥ Seeds 1.11x10° $ 1.16x10" Sej/ $ 1.29x10%  22.57
2.31x10"

AE(EHT H (Y) Product emergy (Y)

F K Comn 6.00x10° kg  1.65x107  J/kg 9.92x10" J 8.52x10* Sej/J 8.45x10"7  14.80

AL Apple 1.00x10° kg  2.43x10°  J/kg 2.43x10'? J 5.30x10° Sej/] 1.29x10'%  22.54

HZE Chestnut 3.00x10° kg 1.67x107  J/kg 5.02x10" J 4.28%10° Sej/J 2.15x10"®  37.66

FEKFEFF Corn Straw 1.05%10° kg  1.45x107  J/kg  1.53x10' J 5.13x10* Sej/] 7.82x10"7

F K Corncob 8.40x10* kg  1.45x107  J/kg 1.22x10" J 5.13x10* Sej/J 6.26x10'

JE 34 4 Waste branches 5.25x10° kg  1.67x107  J/kg 8.79x10" J 3.91x10° Sej/J 3.44x10'

M TR G, W3R 1 FoR, Bk T EEREFE T RS0, 7T 508 B IR A B 45 R B BE K1k 2 BE  #VhE &
WEE, Forp, WUBESE e R A RE R S 7, DA A A 1) o b BB WAL sh R R e K B R M o 7 ) il
i, R B AT RO R O . Al BT IR A A RE(EL AR B RE(E P T o LU EEROR, R 52% ;3K
REME R BOR TR SRR MRS i B AL 55 3T Bl T B FE BB AR E P T 5 LU E D 47% Zifq

T ARG R FOR SR AR 7 i S EORREAT | K R FRAR AR T, A
HAT AR R B (g

FRIET RGE, BRI 33.33hm? , WSKREMEPT & LB, o BV R LU EE 90% LA L, T 1 4R ¢
TRABA BT S e E BN
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Table 2 Emergy analysis table of cow-breeding sub-ecosystem

FE=E=N
PR Bt AL REEAIEEC A 42“;&?; AL BEfEEERRE B BBMH(Sej/a) %
AR AT (R)
KIARE 3.34x10* m? 3.30x10°  J/m*  1.10x10™ J 1 Sej/J 1.10x10"  <0.1
MK Ab2RE 2.67x10° m’ 4.94x10°  J/m®  1.32x10'° ) 4.28%10° Sej/] 5.64x10°  0.13
Khg 3.34x10* m? 7.50x10%  J/m*  2.50x10" ] 1496 Sej/J 3.74x10"%  0.85
3.74x10'
ARG (N)
REEWEK 3.34x10* m? 8.37x10* J/m* 2.79%x10° J 6.25x10* Sej/J 1.75x10" <0.1
YIS 55 (F)
5 Construction 2.70x10° ¥ 7.00 ¥/$  38571.43 $ 1.16x10" Sej/ $ 4.47%x10"7  10.15
HLAE Electricity 3.00x10* ¥ 7.00 ¥/$ 4285.71 $ 1.16x10" Sej/ $ 4.97x10' 1.13
4.97x10"
EW/N 5.11x10° kg 1.65%107 kg 8.45x10" J 8.52x10* Sej/] 7.20x10"7  16.30
52K Soybean 2.04x10° kg 1.85x107 Jkg  3.78x10" J 4.04x10° Sej/J 1.53x10"®  34.66
B Grass 3.83x10° kg 1.47x107 Jkg  5.61x10" J 4.98x10* Sej/J 2.80x10"7 6.34
FEFT Straw 3.19%10° kg 1.45%107 kg 4.64x10" J 2.70x10* Sej/J 1.25%10®  28.42
55301 J1 Labor 5.60x10° A 1.05x107 /A 5.86x10" J 1.24x10° Sej/] 7.27x10' 1.65
7K Water 9.58x10° kg 4.94x10° kg 4.73x10"° J 4.28%10° Sej/J 2.03x10'¢  0.47
3.87x10'®
RefE% L (Y)
4075 Milk 1.70%x10° kg 2.58x10" Sei/kg  4.41x10'® 100
fF4 Calf 4.04x10'° J 1.45%10° Sej/J 5.85%10'¢ 1.33
43¢ Cow manure 4.83%10° kg 9.01x10" Sej/kg  4.35x10"®  98.67
F3 RUEMRERRRGENMIEE=FREREITE
Table 3 Emergy analysis table of Agaricus bisporus cultivation sub-ecosystem
s N Rem " .
BER Ko A R A ey B BBMHEEME AL BEfH(Sej/a) %
Y sh
AT B (R)
KIHEE 1.33x10* m*  3.30x10° J/m> 4.40x10% J 1 Sej/] 4.40x10"%  <0.1
[ A= 1.07x10° m®  4.94x10° J/m® 5.27x10° J 4.28x10° Sej/] 2.26x10°  0.11
ANES 1.33x10* m®*  7.50x10%®  J/m®> 1.00x10% J 1.50x10° Sej/] 1.50x10  0.75
1.50x10'
YIBTRI97 %5 (F)
jeisi 8.00x10* ¥ 7.00 ¥/$ 11428.57 $  1.16x10"%  Sej/ $ 1.33x10"7  6.67
1 Coal 2.00x10* kg  2.93x107  J/kg 5.86x10" J 39800 Sej/] 2.33x10'  1.17
P-/Il. Phosphorus in fertilizer 3.60x10? kg 6.55x10" Sej/kg 2.36x10%  0.12
1.58x10"
FEHL Rice straw 3.00x10° kg  1.41x107  J/kg  4.22x10'2 ] 4.98x10* Sej/] 2.10x10"7  10.57
43 Cow manure 1.30%10° kg 9.01x10" Sej/kg 1.17x10"®  58.90
¥ Seeds 9.00x10* ¥ 7.00 ¥/$ 1.29x10* $ 1.16x10" Sej/ $ 1.49x107  7.50
575171 Labor 3.60x10° AN 1.05x107 )/ AN 3.77x10% J 1.24%10° Sej/] 4.67x10°  2.35
7K 5.40x10° kg  4.94x10°  J/kg 2.67x10'° J 4.28x10° Sej/J 1.14x10"®  0.57
1.59x10'®
RefE% (YY)
WAL Agaricus bisporus 1.20x10° ¥ 7.00 ¥/$ 1.71x10° $ 1.16x10" Sej/ $ 1.99x10'®  100.00
JK FE 1 K Waste materials 1.60x10° kg 1.24x108 Sej/kg 1.99x10'®  100.00
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x4 RUEMBEARRERE FHEETFREEREDTR
Table 4 Emergy analysis table of Champignon and cap fungus cultivation sub-ecosystem

e i R iR T = C O T ICA VA

AT (R)

KhE 3.34x10*  m?*  8.72x10°  J/m> 2.91x10" J 1496 Sej/] 4.35x10°  0.63
4.35x10'°

Wi M55 %5 (F) Materials and services (F)

A AL Steel for construction 50000 kg 4.65x10° Sei/kg  2.33x10'"  <0.1

A FHIKJE Cement for construction 250000 kg 1.00x10° Sej/kg  2.50x10"  <0.1

H Al A B2 H Other constructions 17857 14 $ 1.16x10"%  Sej/ $ 2.07x10"7  2.98

J& Coal 40000 kg  2.93x107  J/kg 1.17x10'2 J 3.98x10* Sej/] 4.66x10°  0.67

FLAE 2857.14 $ 1.16x10" Sej/ $ 3.31x10'°  0.48

HLIK Machine 14285.71 $ 1.16x10% Sej/ $ 1.66x10"7  2.39
4.53x10"

KIS Corncob 45000 kg 1.61x107  J/kg  7.25x10" J 5.13x10* Sej/J 3.72x10  0.54

% F+ 8 2% Waste branches 1000000 kg  1.67x107  J/kg 1.67x10" J 3.78x10° Sej/] 6.33x10"®  91.09

5730171 Labor 700 A 1.05x107  J/ N 7.33x10° J 1.24x10° Sej/J 9.08x10"  0.13

T Ff' Mushroom seeds 5357.14 $ 1.16x10" Sej/ $ 6.21x10'%  0.89

K 6750000.00 kg 4940 kg 3.33x10" J 4.28x10° Sej/] 1.43x10'®  0.21
6.45x10"®

REfE% L (Y)

iﬁ?iﬁf and cap fungus 280000.00 kg 2.48x10"  Sej/kg  6.95x10'  100.00

JK FE 4% Waste materials 1.00%x10° kg 6.95%x10" Sej/ kg 6.95x10'  100.00

x5 RUEMBARRZERFEEEDTE

Table 5 Emergy analysis table of agro-planting-animal breeding-mushroom cultivation circulation ecosystem

BR M RERGUEE A R ek gefgbgk

gl - HEMH (Sej/a) %

ATHCHRE I (R)

KFHRE 2.70x10°  m?>  3.30x10° J/m?> 8.91x10" J 1 Sej/] 8.91x10"  <0.1

K AL RE 2.16x10°  m®  4.94x10° J/m> 1.07x10" J 4.28%10° Sej/J 4.57x10"7  4.21

KaE 2.70x10°  m?>  7.50x10° J/m?* 2.03x10" J 1496 Sej/] 3.03x10"  27.91
3.03x10"

AH B (N)

e+ 2T Loss of topsoil 2.70x10°  m?  8.37x10* J/m* 2.26x10" J 6.25%10* Sej/J 1.41x10"  <0.1

YIS 55 (F)

N 24750 kg 6.38x10'2  Sej/kg  1.58x10"7  1.45

P 26985 kg 6.55x10'2  Sej/kg  1.77x10"7  1.63

KA 20500 kg 2.92x10"2  Sej/kg  5.99x10'®  0.55

HEA A 50000 kg 4.65x10° Sej/kg  2.33x10'  <0.1

HESA K 250000 kg 1.00x10° Sei/kg  2.50x10""  <0.1

HALFFZEH Other constructions  4.75x10° ¥ 7.00 ¥/$ 67857.14 $  1.16x10%  Sej/$  7.87x10"7  7.25

HLRE 5.00x10* ¥ 7.00 ¥/$  7142.86 $  1.16x10°  Sej/ $ 8.29x10'  0.76

i 6.00x10* kg  2.93x107  J/kg 1.76x10'? J 39800 Sej/J 7.00x10'  0.64

B 100000.00 ¥ 7.00 ¥/$%  14285.71 $ 1.16x108  Sej/ $ 1.66x10"7  1.53
1.50x10"

558 8.87x10* AN 1.05x107  J/ AN 9.28x10" J 1.24x10° Sej/] 1.15x10"®  10.60

¥ 9.05x10° ¥ 7.00 ¥/%  1.29x10° $ 1.16x10% Sej/ $ 1.50x10"®  13.82
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yis T A T S T S
) i 51

[TES 2.04x10° kg 1.85x107  J/kg  3.78x10" J 4.04x10° Sej/J 1.53x10"®  14.07

B 3.83x10° kg 1.47x107  J/kg  5.61x10" J 4.98x10* Sej/J 2.80x10"7 2.58

F&FF 2. 14x10° kg 1.45x107  J/kg 3.11x10" J 5.13x10* Sej/] 1.60x10"®  14.72

LR 3.00x10° kg  1.41x107  J/kg 4.22x10" J 4.98x10* Sej/J 2.10x10"7 1.94

7K 2.17x107 kg  4.94x10°  J/kg 1.07x10" J 4.28%10° Sej/J 4.59x10' 0.42
6.31x10"

AE(E S (Y)

EV/N 8.90x10* kg  1.65x107  J/kg 1.47x10" J 8.52x10* Sej/J 1.25x10"7 1.34

8 1.00x10° kg 2.43x10°  J/kg 2.43x10' J 5.30%10° Sej/J 1.29x10"%  13.75

L& 3.00x10° kg  1.67x107  J/kg 5.02x10" J 4.28%10° Sej/] 2.15x10"  22.98

KIS 3.90x10* kg  1.45x107  J/kg 5.66x10" J 5.13x10* Sej/J 2.91x10'°

E & 4.25x10° kg = 1.67x107  J/kg 7.12x102 ] 3.91x10° Seji/]  2.78x10'®

R 1.70x10° kg 2.58x10" Sej/kg  4.41x10'®  47.11

fr4 4.04x10'" ] 1.45%10° Sej/] 5.85x10'0

43 Manure 3.53%10° kg 9.01x10" Sej/kg  3.18x10'®

WAL % Agaricus bisporus 1.20x10° ¥ 7.00 ¥/$ 1.71x10° $ 1.16x10% Sej/ $ 1.99x10"®  21.26

JR 3B R 1.60x10° kg 1.24x10%  Sej/kg  1.99x10'®

FHE S 280000.00 kg 2.48x10"%  Sej/kg  6.95x10'8  74.27

R IFHRE 1.00x10° kg 6.95x10"  Sej/kg  6.95x10'8
2.30x10"

x6 RUEMBERREZFREERETNERILER
Table 6 Comparison of the emergy indicators of the planting subsystem and cow breeding subsystem and the mushroom cultivation subsystem in

agro-circulation system

" . , 4 FR5H XA it VL ,
it ol 5t e FL: T P s
o . cow-breeding Agaricus bisporus Champignon and
Emergy indicators Planting systems Complex system
ecosystem ecosystem cap fungus ecosystem

EYR 1.58 1.01 1.14 1.01 4.08

EIR 0.90 116.23 116.72 158.73 2.57

ELR 0.69 7.24 9.17 13.00 1.40

ESI 2.31 0.14 0.12 0.08 2.93

3.2 BV TEAR LB S 20 A

BT RGRE G RGBT HEPR WL 6 R,

HRE(E™ IR ™ I RE(EL7E i A R BT REME T o5 LS, — e, A REAED™ Hh 3 SR R e AR A —
TE R 2T REME BN G , REIRAE " SRR, s EiR A5 shsa g )y, AU5eh Ml e 8
BRI AR A2 T R GER RE R H AR 1, A A MU0 R GE A R (D™ AR 4% T R GU AR, Uil &k
WAEMIEIR R GG LA AT PERN T4 T R A —L8

RE(A BT SR i 28 P R R AL FIBR IR SR B R b . HEBOR R R Ge Ao & e e ey, FLAH
/I 50 2 KT R T X BRI B MO , R B— S RN IX /B — AT kB 2855 A R I
IO s RE AR (97 55 B RUERRLI B 15 Y BRI RIS A SR 2R FIL I I . A BioP B RE (5 %
HLYHy 2, RIRE G AR K E R BB R B i, B EAPGHES 7, R A 0. 172, ABF5Eh, Fivky
T RGBS TER/N(0.9) ART 1, XA RMIAR = 5 100 R B AN I 1 R GEAAER, e 100,35
P BE B B AR RBAEL , A= 7™ 97 i B RO A e o IR AT g 5 4 AT i R R, RS, A0l A=
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ARGRME TR (2. 57) AT F RG22 08, 1 HALT i E A B8 (4% 55 3R 0 -2 (4. 93) 21 BEEA X AM A
ZEVF B A BRI AR , LA 7= 1 7 i o] AR A% 1 B T 35 4 3o

IR R RPN R IE R T, AR INER G AR R 1, R0 AE RN & 2R 5000 345 1 fap %
NTHETRGEZM (1. 4) IS G AXTEN,

AR A Rt B, WAEZS M R AR R E s B s A B A W E , (H i THEORRE A & A
JB& S BB RE A RSOR T X S 15 ) R A A F A ket 7 B RE (R ™ th 38 N — e A5 NS
Fl2s . PIULEI ARTRREE R RAEEL, MG REE = R S IR A fir R 2 L, HAE MR, R R Gl FREe & JR 5 4L
i R EER 6 , R AEM R G RGERFTHRFEE R JRIER T 1, @ T8 T RS, 2 BRI RS,
4 g

(1) P 2B 7= XA ] A BER R 28 Trf AR ERE K % mAA A AR Rl FR5E & TR A2 7 R 4
2 ANt s (2 LA R G A TR AR A YIE I R G0 5 AR AR 2 G AH LG, X AS AT 30 % 5 i) A0S 2 A
YA, SR B B 2R GoAH X 28 5 B A B MR AR S BRAIG , 3XRE A R T3 R G b 7 = i i 3 3%
DAL/

(2) LMV DG 2R GEax — B IR A AL RO T X A F 8K B8 U5UR 28 55 B A s v | i HLER 5% £
T BRI B AR 7 R G RORRRAIR, AR BT 2R 45 0 far 8 K28 KA T 422 32 YU L 2 5 5 B I RER 43
DI, s = B (2.33) (NS FIRIX (3. 13) VHIRA (3. 73) SEAR L AREAR " o Ui Wik — % PR FH AR 2 RE A%
T AL RS A B AR AME

(3) RN A YIEA R GG RE(E ™ SRR T L & 485 (2. 93) 8, i T ROk i 34180 (0. 27 ),
UEATZAE A EAE b X B B i SR, BAHE M, th DR — DRl K il & KAk, 14
Z IR A B AT R s AL 2388 a8 RIS BT 00 K, 5 I B E BRI A A O 3l s 3B A Ml B iy A A
IRYEAME, TR AL YT, AR W IR i 2 B A80as 1Y [RT s , BRT G2 k4R 55 20 7 il , AT 7 AR 7= i 72
TS e A5 G TR R R R T oK

(4) % = BREFHARONAEYIE AR D BRIEIEAG 25 3L, I T 287K U5 b B A5 A3« e oo i Il i, 1
LM A P R 2R S8 ROl 5 5 AR L 91 75 23 ) i — 2D A SR i o
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