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Emergy evaluation for sustainability of Biogas-linked agriculture ecosystem

a case study of Gongcheng county
YANG Jin, CHEN Bin" , LIU Gengyuan

State Key Joint Laboratory of Environmental Simulation and Pollution Control, School of Environment, Beijing Normal University, Beijing 100875, China

Abstract: Nowadays, traditional extensive agricultural economic growth mode has exerted great pressure on natural
resources and the environment and hindered the sustainable development of rural areas. In this context, the government
attempts to promote biogas-based agricultural ecosystem construction and establish a biogas-linked agricultural ecosystem to
solve the problems encountered. As the demonstration area, Gongcheng has already formed a “Three in One” biogas-linked
agricultural ecosystem, and the industrial chain is expanding to include tourism and manufacturing. Thus, it is of great
importance to evaluate the sustainability of Gongcheng biogas-linked agricultural system. The aim of this study is to assess
the efficiency and sustainability of the biogas-linked agricultural ecosystem in Gongcheng, Guangxi through emergy-based
ecological analysis. The emergy-based indicators of this integrated system are calculated and compared with those of other
agro-ecosystems in China. Results show: (1) The total emergy input of biogas-linked agro-ecosystem in 2009 was 2. 86 X
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environment, nonrenewable purchases and renewable resources from free environment were 34. 8% , 10.3% , 45. 5% ,
9.33% , respectively; (2) The proportions of cropping, breeding, forestry and eco-tourism of the total emergy output were
45.45% , 23.22% , 4.09% , and 18.29% , respectively; (3)The emergy used per person in 2009 in Gongcheng biogas-
linked agro-ecosystem was 1.13x10'"°sej/person, much higher than 8.31X10"sej/person of the whole China in 2000 and
1.28x10" sej/person of Jiangxi province in 2005; (4) The emergy intensity of Gongcheng agro-ecosystem in 2009 was
1.33%10" sej/m’, much higher than 8.99x10" sej/m” of China in 2000 and 2. 44x10" sej/m’ of Jiangxi province in
2005; (5) The emergy yield ratio of Gongcheng biogas-linked agro-ecosystem was 0. 94, lower than 2. 08 of China in 2000,
4.17 of Jiangsu province in 2001 and 1.25 of Guangdong province in 2003; (6) Emergy load ratio was 1.27 in Gongcheng
in 2009, which was lower than the average level of 2.72 in China in the year of 2000; (7) Emergy sustainable index in
2009 was 0.74, which was at the same level with those of China and Guangdong province. By comparison, the biogas-
linked agricultural ecosystem is proved to be sustainable with less pressure on the environment. It has the following
advantages over the traditional agricultural ecosystems: (1) The organic fertilizer accounts for a larger proportion in biogas-
linked agro-ecosystem; (2) Fruit industry has become the leading industry fueling local economic development and
ecotourism begins to take off; (3) Rapid agricultural development brings about relatively higher living standards; (4)
Science and technology as well as the productivity remain at a relatively backward level; (5) Biogas replaces the role of
traditional energy and greatly relieves environmental pressure. According to the results obtained, in order to maintain the
existing advantages and take pressures off natural resources and the environment, measures to promote the development of
biogas-linked agro-ecosystem are then proposed. Therefore, this study is meaningful in guiding the development of future

biogas-linked agricultural ecosystem in Gongcheng.

Key Words: biogas; sustainable development; emergy analysis; agricultural ecosystem; Gongcheng
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Fig. 1 Structure of agriculture ecosystem in Gongcheng
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Fig. 2 Emergy system diagram of biogas-linked agriculture ecosystem
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Table 1 Emergy indices of biogas-linked agriculture ecosystem
AR A Fiks REMELAE AR ik
Emergy indices Expression Emergy indices Expression
U o Bl A LB R SR (E
T RV R SERAHLAE B
. RR Renewable subsidiary resources from economy/  RP/U
Renewable resources from free environment . .
Total emergy inputs
] T IS R R fE ) fig K ig
AN ] R R B R R . NR Tl Bl RE fE/ W SE Ak NP/(NP+RP)
Nonrenewable resources from free environment Nonrenewable purchases/ Purchased emergy
o REfE/ 3K fg
TAABEITA fBLAER/T e
NP Renewable subsidiary resources from economy/  RP/( NP+RP)
Nonrenewable purchases
Purchased emergy
5] F =] [ ¥ ab % 3%
TE%HMHB{E' RP %Hb{ﬁ}i"ﬂjz 4 Y/ (NP+RP)
Renewable subsidiary resources from economy Emergy yield ratio
BEVEIRRE A1 A
HEE IR BB (A A ' RR+NR Hbﬁﬁf.\i . (NP+NR)/( RR+RP)
Resources from free environment Emergy investment ratio
SERE(H 553 9B 5%
APSHAERSE LN RP+NP EAENEEEES - (RR+NR) /U
Purchased emergy Emergy self-sufficiency rate
BAE(EEA U= RR+NR+ RP+  SRBEGAT ] ELR=(NP+NR)/(RR+
Total emergy inputs NP Emergy load ratio RP)
WS BEAf / 24 BEAR 1tk
WoSK RE(fL e , (RP+NP) /U ASIRERE U/ Population
Purchased emergy/ Total emergy inputs Emergy used per person
AT EETIRE B IR RE (A S REH g
Nonrenewable resources from free environment/  NR/U . < . ED=U/Area
. Emergy desity
Total emergy inputs
Tl BhRE(E E.RE [ERESY, 35 =N
WA B AE(E B AE(E . NE/U LIk &H‘éfaﬁ . ESI=EYR/ELR
Nonrenewable purchases/ Total emergy inputs Emergy sustainable index
R2 FPERUESTRFRERNTHE

Table 2 Emergy inputs and outputs analysis of agriculture ecosystem in Gongcheng

5 H G R KRR  BE KBIREsef)
Items Data Solar transformity References Solar emergy
ARG I A (RR)
Renewable resources from free environment
KBARE Sunlight 9.07x10'%] 1.00sej/J [19] 9.07x10'
JXfE Wind, kinetic energy 1.23x10°] 2.45x10%sej/] [20] 0.00
ik fb2EfE Evapotranspiration, chemical energy 1.53%10'°] 3.02x10* sej/] [19] 4.62x10%°
F7K #HE Runoff, geopotencial energy 2.27x10'°J 1.76x10*sej/J [20] 4.00x10%°
MERHEHE. Earth cycle 2.15%107] 5.80%10*sej/J [20] 1.25%10%
/I Subtotal 9.96x10%
ANHT B FRSE BEIRBEA (VR)
Nonrenewable resources from free environment

RREEES
jil ijm 1.42x107] 2.08x10°sej/] [19] 2.96x10%
AT TAV A B REHR A (NP)
Nonrenewable purchases
%L Nitrogenous fertilizer 2.56x10"g 2.41x10"sej/g [21] 6.16x10%
B Phosphate fertilizer 1.15x10"g 2.20x10"sej/g [21] 2.53x10%
B Potash fertilizer 9.03x10%g 1.74%10%sej/g [21] 1.57x10"
240 Compound fertilizer 1. 80><1010g 2.80><109sej/g [18] 5.03%x10"

http ; //www. ecologica. cn



13 48] Wi AF TR R A S RG AT H8 K A EE B T —— LA E 4013

HiH JR LR EE PN AR SHMk KIHAEIE (sej)
Items Data Solar transformity References Solar emergy
A2 Pesticide 7.35x10%g 1.48x10"sej/g [21] 1.09%x10"
259 Disel 4.25x10™"] 1. 11x10%sej/J [19] 4.72x10"°
v e
iﬂqﬁﬁfgﬁpmcm nput 4.15x10°g 6.70x10%sej/g [22] 2.78x10"
RN Agricultural film 5.88x10"g 3.20x10°%sej/g [23] 1.88x10%
Al H L Agricultural electricity 4.07x10"J 2.69%10° sej/] [19] 1.09%10"7
PraV=c RIASAN T
é’j{;ﬁ;ﬁfﬁi‘o;g ool construction 1.46%10" 1.97x10%sej/& (23] 2.88x10"
rap==: RN A
;Te;%iﬁ?if;\s pool construction 3.18x107¢ 4.13x10%s0j/g [17] 1.31x10
VA S g W k]
ﬁ;ﬁfﬁjﬁﬁ ii pool construction 9.16x10%g 3.20%10%sej/g [23] 2.93x10™
AR T KRBHEA Cement input of biogas pool 3. 18><109g 1. 97X109sej/g [17] 6.26x10'8
FEF L HL Breeding electricity 4.56x10'] 2.69%10%sej/] [19] 1.22x10'
iﬁ:':fmfizi&oﬁm ding 1.92x10"¢g 1.97%10%sej/g [23] 3.78%10"
ikl Feed 2.87x10%g 2.80%10%sej/g [18] 8.03x10'®
Mol FHHL, Forestory electricity 1.23x10'J 2.69x10°sej/] [19] 3.31x10%
J e 152 % 4% A Tourist equipment input 3.80x10" $ 3.80%x10°sej/ $ [24] 1.45%10"
/It Subtotal 1.30x10%
AIEHAHLEER A (RP)
Renewable subsidiary resources from economy
#2580l 57 71 Breeding labor 2.78x10" 3.80x10°sej/] [18] 1.06x10'®
Nl AR %5 Tourism services 3.17x10" 3.80x10°sej/] [18] 1.21x10'®
TASYEY 97 71 Biogas maintainance labor 1.47x10" 3.80%10°sej/] [18] 5.58%10"
MAk57 71 Forestry labor 1.83x10" 3.80x10%sej/J [18] 6.96x10"7
FAEAL 55 F3 Farm labor 2.59x10") 3.80x10%sej/J [18] 9.84x10"
FF Seeds 1.01x10™g 7.86%10%sej/] [25] 7.97x10'®
T Sapling 4.81x10°] 4.94x10"%sej/ $ [17] 2.38x10"
FHHUE Organic fertilizer 2.90x107] 2.70%x10*sej/J [17] 7.84x10"
/It Subtotal 2.67x10%
A Total inputs (U) 2.86x10?!
FEH Yield
KK Rice 6.94x10™] 8.70x10%sej/J [26] 6.04x10"
1525 Beans 5.20x10"] 1.29x10°sej/J [26] 6.69%10'
K Corn 2.24x10"] 1.01x10°sej/J [26] 2.27x10Y
164 Peanuts 1.93x10"] 1.30x10°sej/J [26] 2.50x10"7
i3 Vegetables 1.38x10™"] 2.70x10%sej/] [18] 3.73x10"
KR Fruits 1.51x107] 3.81x10°sej/] [26] 5.76x10%
¥ Pork 3.64x101] 3.36x10%sej/] [27] 1.22x10%
£ Mutton 7.51x10'0) 3.36x10°sej/] [27] 2.52x10"7
4 Beef 2.10x10") 6.72x10%sej/] [28] 1.41x10%
B Eggs 2.29x10"] 3.36%10%sej/] [28] 7.71x10"
JKF= i Fishery products 2.56x10"] 3.36%x10%sej/] [19] 8.59x10"
JFER Log 5.36x10"] 5.38x10%sej/] [19] 2.88x10Y
4 Firewood 4.24x10™] 7.39%10*sej/J [19] 3.13x10"
A Biogas 5.32x10™) 2.48x10°sej/] [16] 1.32x10%
TR A Tourism incomes 4.59x107 $ 5.87><10'256j/$ [29] 2.69%x10%
ST Total yield(Y) 1.47x10%

JNFE 2 A ASIR B A AR S R G RE(E A 2. 86 X107 sej , H: vt m BB PRBE VR IR, AN ] B IR BT UE
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P&, N AT R 0 Tl il B BEAE, WIS B i MLRE(E 53 ) o5 S RE (T i 1Y 34. 8% ,10. 3% ,45.5% ,9.33% ; ANAT
TR Tl B BR(E R A S K, AT R AR AR IR . ASIREL AR R GE R 4F 23R L2 B 18k 29 i S g (e
AN 10.3% , XS T ASIRA MY R GE 1 7= % 4818 SR AE T3 e KAt TR B, Tk il B BEAE A A
XA AEZS RGN = B EA BT, X SR B RER A 2R Sy AR AR AR R | TR 58 55 AL
Ao THES LRI, 53] T RSB AR 32. 6% , 4 FARIE A8 R 14 FH 2 Wb e b 3R 885 77 2 R s
T3 R0, SEGARN A RGAM L X R GE A UL R B B AR K 258 7.73% , e T IR
BOHEGALRE B A ARAE o FE AR B v RSl A S E R vpr | an e v /D A0 RE A5 P 2, B8 T4 B %) 01 T8 v
BB XL GALNE HEAT AN O AS IR B A A 38 R Ge oA ok & J v sk R e ) R

FH ™ HR R A A B TS IR B A AR S R G A5 A RG], v B Y B R 45. 45% , FRFA LR
23.22% MR 4.09% | ik lE LB A 18.29%  FAELLATS AR KA 40, ZERMELL R Ge K R L 5
7 86% , Ut BHASIR B K7 & K A7 b 3 A L iSO S A AR 09 F2 5 =0k, BAT, 28 IEL CIB I #2518
AR R R, PR T AR RESA A FOK R BB, BeAh, 5 A AR S REA R A AS
W B A SR A LM AR S RGP AR, REE T A3 I v = A — MR e AR el B
B R AR 2R D

G 2 IR REME AT s 3 19 B4 I WOl A 38 R4 BT S5 I ERIR B T8 08 DL S R Ge T H54: 4
K- (3R 3) .

®3 BERIVESRETEARHRELRIER

Table 3 Emergy sustainable development indices of agriculture ecosystem

BhR A FR Ttems Feik= Expressions FEHRE Values
AFIHEME i Emergy per person U/ Population 1.13%10"sej/ A
AE(EZE Emergy density U/ Area 1.33x10"%sej/m?
HREE™ % Emergy yield ratio Y/( NP+RP) 9.37x107"

FREE 71407 % Emergy load ratio (NP+NR)/(RR+RP) 1.27
AIEFLE K JRHEFR Emergy sustainable index EYR/ELR 7.40%107!

NI REAEFH RN REE % B AR AR 9 ROl SO e A T A 06 o i, e AR S R G, ABIRB (A Sl s, U A
AT . W3 1T LU 12009 4838 H LLIA SO Al B9 A4l A= 25 R 48 P A R 59 N 2 RE 8 &
1. 13x10"sej/ N, FEIE 5 T 2000 4F-H [ 4l A= 45 R G A RETE 8. 3110 sej/ N WL YT P44 2005 4F (1)
1. 28x10" sej/ NP s S T VRSB R KA & T AMTA Y A 15 7K, I H R b BB L A7 S22 8 3L
FERS IR B Z AR IR R B T AR RSB N, 2] 2009 44 B SCBlRol 8= (8 19. 41 {278, REA
BIafifle A 4630 JC, IZFEPRARIL T VR AR BON A A TR A B sifE A

FE B A 75 R S8 2009 AEAYRE(E S M 1. 33%10" sej/m”, e i T [ Ak A 25 &R 45 2000 4E 1
SEHIREME R 8.99%10" sej/m*P FIVLPE4E 2005 414 2. 44x10" sej/m>") | PEHAIZ A b A= 245 22 55 1) 5 5 F
LA R X 5 B A2 RGBT /KSR ARART A 1, 3041 2 A6 3 EL AR MR b 386 i A
2005 4E1Y 9. 47 {2 IC3NF 15. 12 4270 AE 1K 6. 4% | 4b T4 X4 5 K | R K SRR, #UE 3 2010
AF4 BLK SRR AR 3K 29200hm” | =ik 68.4 T t,

IS AONE TS RS0 2009 4EAGFBEM ™ HIR 8 0. 94 K T4 [ 2000 4E£8 2. 087" @ JT.9545 2001 4E ()

@  WFZICHk ETEIET 2000 4 2Z 5T REMEFE AL R AL, A SCRAT Odum 7 2000 4F 855 AL SO REME A S T 225 A 1. 68 HEATHT
SR A, LUF B B ) L

@ RBAE IR PR SRR AT R R S KSR SR AR AR 2 4% P20 A BE LB AR LB 06 2, R 5 A ARl A A5 R G0 W REAELEAT U 4R
I AT LI R AR
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417 R ARG 2003 ARG 1,25 BRI SR AR S R G0 B REAE T RS R AL T AR X IR B K, %
B 2009 AR EL TR AR AR A8 R Ge X Al Al Bh e AR TSGR AR, b T35 5 K7, F 2R TRl AE R R
G AREME AR B A i FLRHPREAR, B 7= i B2 = A i, AR = gk 25/

B 7 R VA PR S R SR A I — AN E B bR, S T AR A 7= 38 sh bl A S R i TR,
AR S AT R B KU L, SR E AR A S R G R T RN 1. 27 AR T A S KF 2. 7200
XU AR IR L A X RS B /N . IR AR B T A R NRS FE A RA RS , I L A RNV i
B T AL A A o, R S AR G A A S RS A L, IR AR Al AR AE S R Gk TH K
BB RS

2009 IR EVR RN A RGN RGN TR L8 b5 8 0. 74, 4238 T B A AR R 48 2000 419
0. 77V R 7R 48 2003 AF(4 0. 731 RIHRRLE & R KT 1 1R A 2 B FH AR RE (7 Y 23R 5 IR B 07 for SR P R 119
JUERIRETE AN A S RGEIAEE T A R B, AR LR ™ AN i P E e L A RR S R kR it — 2P
PR AR RGN T RRE R KT B8 3 I KB A BE RN i A P RO = i RE (R ™ 2%

4 Hit5RE

It LA EAAHTRTAL, (1) B8 E Tl A e, R HJE LI REE B A P A B KA, (HH A HLAE K L
B, U 1 VAT AR ™ A TR TR R e AL R A T RAR ROR S &y 1A HLIE R fd FH L], 0
FEZARNAEZS RGBS AR IR AR A 5 (2) FhAE Ml BB 7 5 va Uk B AR M G O K SRR R b 18k 24k
W ARG T, A AR IT A7 F AR XA K, AR AR5k & e G 5 (3) 2% 380 B4 B (RN RE i %%
e TR AR B 3 1 AR R A TR AP B4 R 5 (4) BEAE™ 34K, Se i 1 BHEKF AR 75 A2 7 541K
(5) I IR B FRIG AR W T i TR AR, Aol A P X BB FE 18508

J T ORI I T AR A 25 R GEAFTE Y [R)E, 2% 30 B A DR 1 mT R 2 e v iy DA DL LA Jr T
VERE . (1) BREEHEDE VAR TR, £ FUTVE S TR BRI LA SE B R I 26 58 R BE At 254255 (2)
VAEEAV ZE R P — 25 PR K SR 4 i 7= R R T IR A =l 9 2 e g B8, R A e el % Jie 7 B {12
HEAR BRI, (3) IR S Tll, $2 AR 7= BRI, 345 AR 7= b I T 5w 4 10 5 (4) BURF I KV S b ff
FHTE & KRB AT SR BHE K BT B S Rl B 2% 5 B80T 1 5 it 40 2 2 A0 T Al ™
b & TR T

T REEMMT R RGN A AE S R GRS TR, B 5RO AR 2 RS — A8, (EE Rk A
BRGNS A ff TiE— R, NI — 25 R R AR S RGN RS 25 2 TE I R
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