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Abstract: Biogas is an important renewable energy in underdeveloped mountainous areas. Through questionnaire surveys of
biogas users in the underdeveloped mountainous areas in Fujian Province, six typical modes of the biogas operation system
were determined, namely, the biogas welfare-supply mode, commodity-producer mode, characteristic-planting mode,
working and farming combination mode, traditional farming and breeding mode, and professional-breeding mode. Among
these, the first two belong to the supply type, whereas the later four are the self-sufficient type. In this study, based on the
emergy theory, we used the emergy indexes analysis system. The six typical modes were first studied to determine differences
in their input and output composition, system performance, and system sustainable development ability. Next, by
calculating the emission reduction of greenhouse gases, the emission reduction benefits of the six modes were estimated.
Finally, differences in the financial investment in government subsidies for the six typical modes were determined by cost -
benefit analysis. The study results showed that (1) regarding emergy input — output, supply-type biogas invested large
amounts of purchased non-renewable emergy and realized high efficiency and high yields for production. Conversely, self-

sufficient biogas was characterized by a high utilization rate of natural resources and low environmental load rates, with a
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large investment of purchased renewable emergy. In terms of system performance, the high net emergy yield ratio and emergy
exchange ratio for supply-type biogas was better than that of the self-sufficient type because the later exhibited insufficient
output. With the highest net emergy yield ratio and emergy exchange ratio, the commodity-producer mode had the best
system performance among the six modes. (2) Regarding ecological benefits, modes including welfare mode, commodity-
producer mode, and professional livestock-raising mode were prominent in the reduction of emission effects of greenhouse
gases because their main income was from breeding. The modes including characteristic-planting mode, working and
farming-combination mode, and traditional farming and breeding mode were not obvious in the reduction of the emission of
greenhouse gases because their main development was planting. (3) From the perspective of government subsidies, the
financial investment feasibility of the six modes was demonstrated at two angles, which were the farmer-financial angle and
social-economic angle. For the farmer-financial angle, welfare mode, commodity-producer mode, and professional-breeding
mode could not satisfy the standard of farmer financial investment. However, because of high ecological benefits from
emission reduction of greenhouse gases, they conformed to the financial feasibility standard of the social economic point of
view. On the other hand, the characteristic-planting mode and working and farming combination mode could not meet the
financial feasibility standard of the social economic point of view, but satisfied the farmer financial standard. Only traditional
farming and breeding mode fully met the needs of social economic perspectives and the perspective of the farmer financial
standard. Based on the above research results, according to the breeding scale developmental trend and the present situation
regarding energy utilizing in the underdeveloped mountainous area, some suggestions were proposed for choosing the

appropriate development mode of biogas plant construction in the study area.
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FEAERASE 5 H B BRI 2N VR R BE IR A = R 9% K, X REJR S ML S B EE fE ML, TR E 1E
IR BEHE ) RS T FEARTE SRR IR L B A 48 3 S R AR B IR A A5 BR B B L+ HESORS , R HE TR BE
VRS TR WA I e RAE T, 2 A2 DOk 3R 7R R &R 10 X AR e e AR B & i, Ik, %R
TR ARG S ESER R TREEARERIF TIRAMIFR Y (LT REHfERE R LR
L DX 1 R 2 B« SRS NI 3 100 VR T P 7 14 L BB ) 8 it P o e HE SO YA i i S AR 5 ¥ e 19 [ A
Hiaze i, MCHFFE BT I Br i (H R AR RETRTY Feha B 2 VRN AE TP AR S E A T 40 i ), L
AR 2 ER AR D WL, T2 B IR B R A R TA s B R G b e 22 57, A g sE Bl
TEACRY A BRI R A 2 R R B MU 3507 PR AR S DA 8 R ek L DX R 1, ST e R AFF R BB AR A<
3, il AT RS R A8 BRI AR SO0, RS AR R =R A2 8 RS 450 DR AR s B 2=
5, MBI E X T8 SR A & AR EUOR A SR BB 22 A s

W98 X B FRAE S dt (ISR P A TR AR, B AR I 7R A S ISR 2% 5 75 o Sk I A6 B AR
Pt 2 s 5 A T HRRAE R SR RE VR 2 1) it FLAE T 2R AR s B R A A7 A B (22 5, IR AR S
PRI IX S A A P AR TR AR A H TR AR X N R R R 2 TR RS Rl IR AR 4l 3R
RSO | 55 (e B B LAY AR SCRIFSE (1) 75 A BRIV S B
1 HRNIFSHELHE
1.1 WFExtg

HRAE 2013 AE AR A R KA LI X BT B 5 R B S R AR 5 KT B D 2 B A R AR 3 R A
Kk Tz A AE R A B P BRI 0 52, Bt B 11 S IR AR A2 R Ay o G (L ORI S8 0 42, I A X
KITE SRR B YR S B 2 B R A P HRE A 140 DREAR A I A ILARE L, 28 4 5 s 43 51
FRFHF P e T AR A (450 Rh 37 AR At 35 78 8 PUFP P VA Sz B, SCOR BRI L0434 WLIE 1,

http ; //www.ecologica.cn



14 MREAE A5 AR ORI LI IXH A B AR S A RO, 3

K A ST I S AR AR P R S B AR O TR A R | SR R R B TR R R
1E 2013 ARJIGIZAS 240 e A 120 P FHEEES, B B H 898 1.5 0, FH S B M I BRBEAR B W) 52
Jith (A2 A R R A — [ A B — R AR TR — R R — 2 P IR0 iz B T A P R A i 100 P
g, PO ARG R FRA A TR AL R e RO AR 4l 55 58 A 430 LA FRIE VRSP TR RS
T TR RN SR TR AR -E Ois B

ARy

E1 HRRXAMUE
Fig.1 The Location of the study area

1.2 WFoesds

31T 2013 4F 11 A 12014 4F 7 .8 W % LR ASFEECHE T AP RIS A )46 N 45 202 2013 AR5
JEFEANEO AR S A GRS AT AR A =R MRS LA SO IF S B L S A R
BHIE (2014 FRIT B GIHELE) (2014 4F Bt BT K IT B K Bt RE B4 ) i T UL 05 k) 25 45
TR
2 WIRFE

2.1 HARGHREE BT

FEFEAELFER H. T, Odum BISZ A RE( G 38 iR A 25 22 TF R GE N AN TRI R B ) BRI RE &, 1K
PHAEEHE AL  REAEL T T LE SR S o AR R B v A BE (L, DT S BEXT 1 AR BB 2R ) R 2 57 106 s AL R 1 Y
HEBR TR IREMM G G —E =W, HABERERNEGESRE, RENA ARTIRMA
J1 WS A 2 BRI S P AR 3l , B LA S M R s B R BRI EE M FIDIRE , A XS IR Odum | 5%

http ; //www.ecologica.cn



4 S % 37 %6

FFEMITSL RN X RGN AT RE(E G4, 1T A S B 22 35 SR BRVL = M Y =k 3 Rl
WA AR S TR AT HR e R RE LU B T SR 2361 | DLRE (A R (EIR) e 2R (EYR) e 713
F(ELR) REIHZCH R (EER) S54ahn Jy ka4 8 R 450 0] 1522 & ML REFR L (SDI) |, X 75 P =X i) 22 42 9% s A
RSP MRS VERE A T A, AHOCRE MR PRI AT
(1) BEMEARGER (EIR) WK e 5 PR B8 IR AR B (45 T P54 SR AR RR FIN AT FRA- WEURLAE VR ) 1 L
B FO I SERR(E AL FE A v BB TS BIRE (NP) FIRTBUH A HLEE (RP) , Rk R .
EIR = (NP + RP) + (RR + NR) (1)
(2) BEME = R (EYR) , REAR(ES ™ (h RGEREMEE = Y IR EE Y W) SWEREEZ th, #ik
W
EYR = (Y - W) + (NP + RP) (2)
(3) REME SRR (ELR) ,ASAT ST REAE A3 A (AN AT B8 Tl 4t B B (B FNAS ] FAR W R RE ) 5] S B e (4%
AT EEH A HLRE(E + IR W IR AE () B LR, Rkl .
ELR = (NP + NR) + (RP + RR) (3)
(4) BEMAACHR A (EER) R GE= BB (NY) 597 it 32 A 6% T 0 A 24 BB (B =2 H (I S 7= i S A5 1Y)
RS T Mg bR AREE R M LR . FKikXh.
EER = NY X Emr + p (4)
Kb, Emr HEEME LT ELER, AR Emr = 3.39 x 10" sej/Yuan ,P NP2 55 M0A% ;
(5) R HrL R JRVERRTRE(SDI) /248 RE R th R SR (A R WA R n b, Kb
W
SDI = EYR x EER + ELR (5)
2.2 HAREBE RGBT
221 AR TRERMEESEBHR S T
AR e E SO HER BB ol ) e BT AR AR T S T AR AR SN B
Wot, ASUESECAMRATTE L BT A MR RE R E SR (Co,) H T B BA TR
A 3 8 2 BB HE ORI T 5 AR SR AT AR I B S A B HE i ) T & MR i 2 AR S B HEER TR R
P i Y R B 2R 0 T AR AR B 1 CO, HERCE , T L) 2013 4F b I ZE 55 ks 50 JT/t, RIEA Y4
SEROBHSGE . A SO TARRJERE N RS 28 K4 TPCC HEFE OB, BV A% T B HECH 14 4kg/a, MR 3
FEAR A i SRETHE 2 ELHEXS L A AR B o HE i i 5 35 A . CO, 1 24 5 1387 A TR AR S i FH s/ 11y
CO, HEWCE I, T F 3R 25 i R B SR SR A G R AU A AR5 A G T CO, HECE I gE >
222 R TREM AR BT
AR 25 A3 M 0 3 H 0T H ) 43R A AR g SR A 0 B B A — b ik, ASCh T EE A
ISV S T AR EUR AN 5 A 5805 A DC O B (5 S AR SERI T 408075 78 AL BUN AN — R 6 B
PESCAT, AR I 45 # B R TR AN PR 28 IR AR IS | DA 2 25 5 A B DU 2 IV B0 U o 2 1 3 1 2
B RRETE AR ST A IO (RIS IE SN MR R SR A 2 2 0 AR EE A5 5 (0 At b, DA 72 101 55
AT Gt SRR R R TR AR B S AR VR A TR AT B HE S5 D T A M Es A AERL T
W55 ShAS AR, BV AT 43 BT BOUR #MU T A P 0 55 BE VR AT R R v A1 R 25 IR AUE SN I 25 B, 4 2%
SRR TR, BRI .

! B,-C,
NPV = 6
g(‘) (L+r)' (6)
NPV = 3 (B, - € +6) (7)
social ~ (1 + r) '

http ; //www.ecologica.cn



14 MREAE A5 AR ORI LI IXH A B AR S A RO, 5

A NPV A P A BE 0 551 BB, NPV A2 M B R 05 BUE, T 5 A OB R TR R il H
F74 20 4F, B, R A AEIIRES , C RS AR A G R TE AT AR il R 1 IE AR 4R, B TR AT R I IE 4
TS AAN AL IR T I B AR HE R S EAEE O R S AR TR AR S A TN X eI H K A T B
2 I TN IS 5 1, FORZARON 7= A A AR el AR SO 9 Ja1 30, e S s FH VA A T2 BT o A
AR (CO,) IR TN EAEN G H, FEMEPTILA v B 5% , N8I £ % IRR 55 T L iR i X 3 Ty 72
KONFBT P EE, 2 NPV>0 H IRR = r BRI TREERHE AT, 2§ NPV, >0 H IRR=r B
FERAR TR T,

3 ER59M

3.1 EETREEEIS IS A A E RGURHE L

FRIEAIF ST X 1 ] A 5, R AR DG R (A 40 R AN BB 6% 11 LL , SRAR 9 XS PR =X 1 TR 2 8 R RE(H
A= B, FEARPE A (1) —(5) IR AR W BE(EFE bR, HR N 1 3% 2 PR,

MFE 1 AU 7S RS REE AR A F Bk FWSERE (A, 0 Lb E AU AN 1504 750 5 4 B 0 R LA 5
S, AT T Tl Al B RE R A4 S AR Y 89.65% Fl 75.72% , T T W 3K 32 Al 50t TR S M E i L 3R hi
Tkl FR 2555 BB AR R, PR AR R R 2 TR 5 G0 35 B ) 2R 48 S B Ak ] BB
HHLEE, 739 5 S 79.62% 92.13% F11 90.05% , 2 2 Jt N T AR ; 40 % 58 A0 59 AN ] § 8 Tlk Sl Bh R 5 ]
TOH A HLAE ST ] 5 BB A 38.5% Fl1 39.76% , %t 8% 4 AL 1 B A B R AR ; ARG H IBhRE, 82
ARSI R G PIEHF AR T3 RGN B TAVRERITEA |, b B 5 K A e 4l 7 7 R A 65
SN 21.70% 14.95% , — RGN RREZ AR SIS RE(EMD A P= AR AL RS A A
SR iias . UL AT LUACHTE S TR SR P A A S RGN A AU AR E X,

F1 FRABEXNBSRFRRERNTHEN (sej)

Table 1 The input-output emergy structure of different modes of biogas eco-system

i H Item [ || || iV BV VI

A Mode 1 Mode Il Mode Il ModelV Mode V Mode VI
A Input W TR BEIR (RR) 4.13%10' 2.60x10" 6.41x10" 1.65%10" 2.17x10" 3.44x10™

AT B R BT R IR (NR) 1.92x10% 6.86x10" 2.94x10% 7.70x 10" 1.00x10% 3.72x10"

AT B TALBE(NP) 4.59x10' 4.21x10" 2.72x10% 2.38x10" 1.10x10% 7.95%10'

Al TEHTA HLEE (RP) 3.08x10"7 4.90x10'° 3.75%10'° 5.27x10'° 3.53x10' 8.19x10'

JUEE(B) 1.81x10" 8.31x10'° 4.51x10" 4.51x10" 6.06x10™ 4.47x10'°

Bit(U) 5.12x10' 5.56x10"7 4.71x10' 5.72x10'° 3.92x10'° 2.06x10"
7 Output YA 6.75x10"7 2.73%10"7 0 0 0 0

prERid 0 0 9.99x10" 2.81x10" 5.30x10" 0

bERIC 3.96x10' 1.07x10'° 4.68x10" 4.68x10" 6.29x10" 0

HIE 1.05x10"7 4.78x10" 0 0 0 0

HHLE 2.71x10% 2.43x10" 0 0 0 0

FREHIA 5.10x10" 1.12x10" 0 0 5.09x10" 1.33%10"7

AR A 0 0 2.27x10' 8.48x10" 3.39x10" 0

% TN 0 0 0 1.02x10 0 0

EFYI(W) 3.96x10' 0 5.68x10" 7.48x10" 1.16x10" 0

BIH(Y) 5.18x10" 1.15x10" 2.28x10'° 1.87x10'° 3.56x10" 1.33x10"7

HreH (NY) 5.18x10" 1.15x10" 2.27x10' 1.87x10'° 3.44x105 1.33x10"
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Table 2 Emergy indexes of six biogas operating modes

£ Index e el |l BV BV BV

Mode [ Mode II Mode Il ModelV Mode V Mode VI

HE{EFE Y # Emergy investment ratio 118.05 176.12 6.25 33.37 16.70 423.40

HHEE R (EYR) Net emergy yield ratio 10.5677 24.4681 0.5657 0.3387 0.0961 0.8240
BB 671 0% ( ELR ) Environmental loading ratio 13.1411 8.1602 0.0626 0.0438 0.0296 0.9671
fE(EAC B (EER ) Emergy exchange ratio 20.53 20.86 1.00 1.00 0.98 0.49
T HFEE % A EL(SDI ) Sustainable development index 16.51 62.54 9.01 7.73 3.18 0.42
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Table 3 Emission reduction of greenhouse gas of different biogas operating modes

(L2 ] i T T T IV iV VI
Model Unit Mode I Mode II Mode Il Mode IV Mode V Mode VI
CO, Pl HE S5

| . . t 672457.62 184996.30 3.25 0.73 148.68 29431.23
Total reduction of CO, emissions
CO, IR HEL TRk 25

JiTt 3362.2881 924.9815 0.01625 0.00365 0.7434 147.15615

Reduction of CO, emissions per cost
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RUPFR58 L FE /NS OTEFRFE IR Y DR HE R AR AN R, B0 SR R P TR AU AR B R = UM RS 4 1
R TT P B GEFR B IX WFFE XN REAS TR U R A SR D T 0 A JEE AL ( CDMD) T, IS B A ke 17 9 < IR S
REHE S IX A =k e
3.2.2 BT ARG LI B E REE SO T

WRIGA(6) (), ASFETR TR I 55 v BLAE A A N i TS 2 R AN 3% 4 o

R4 AMBEXBSEERGEAR R ENMSHHEE(T)

Table 4 Financial value of six biogas operating modes from different angles ( Yuan)

B3 mode S| S| B BV BV VI
Mode [ Mode II Mode Il Mode IV Mode V Mode VI
A 55 NPV -1531309.06 560913.63 680.64 313.78 1606.41 460363.71
Household finance IRR — 2.56% 28.81% 14.36% 64.26% —
ST NPV 202914661.40  55082019.58 —-1145.90 —2266.48 43276.48 9217539.66
Socio-economic IRR 874.06% 136.51% -4.84% — 113.12% 5125.92%
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55082019.58 F19217539.66 , $8 ¥ X4 4F R SE B = AN £ , A B IAC2 b ey , X 5 L VA SO HER 25 /R IR 25
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