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Energy method-based evaluation of the sustainability of the '"Five—in—One'"' ecological orchard system

ZHANG Cong—guang'?, HAN Jian—cong', QIU Ling"*, ZHU Ming—qiang'?, CHENG Jia'?

(1.College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling 712100, China; 2.Western Scientific Observation
and Experiment Station of Development and Utilization of Rural Renewable Energy, Ministry of Agriculture, Yangling 712100, China )
Abstract: The "Five—in—One" orchard is a typical biogas—linked agro—ecosystem and circular agricultural model that has social, ecological,
and economic benefits. To investigate the model’s inherent energy characteristics and system performances, the present study evaluated the
sustainability of the system’s development and productivity using a pig—biogas—grain(PBG ) system, biogas ecological village (BEV ) system,
and single apple planting(SAP) system. The project was located in Chengcheng County, Shaanxi, which is located on the Guanzhong Plain.
The system was generally analogous to other biogas—linked circular agriculture models with higher self-renewal ability, smaller environment
load, higher production efficiency, and stronger sustainability. The environmental load ratio of the studied "Five—in—-One" orchard system
was 0.16, which was significantly lower than that of the SAP system(2.77) and similar to that of the PBG system. In addition, the energy
yield ratios of the "Five—in—One" orchard system and the PBG system were 11.10 and 11.89, respectively, which were both higher than that
of the SAP system(2.69 ). This indicates that the construction of the "Five—in—One" orchard systems would be less harmful to the environ—
ment than traditional apple production systems and would provide favorable economic and ecological benefits. However, the "Five—in—One"
system had a higher energy waste ratio(1.26% ) than either the PBF or BEV systems and a lower energy investment ratio (4.76). This is

likely because the development and utilization of local natural resources were low and the energy feedback of the system was weak. The ESI
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value of the system was 69.10, which indicated better environmental sustainability than the BEC and SAP systems and fully reflected the

strong vitality and development potential of the "Five—in—One" orchard system. Based on overall accounting, the reduction in greenhouse

gas(GHG ) emission was favorable, with a total reduction potential of as high as 1 251.99 kg CO,—eq per year. The GHG reductions generat—

ed by biogas utilization and bio—slurry fertilization were 975.42 kg and 1 290.79 kg CO,—eq, respectively, and the results suggested that

anaerobic processes were the greatest contributor of the system to GHG reduction. Meanwhile the GHG emission of the other projects in—

creased.

Keywords: energy analysis; the "Five—in—One" model; biogas—linked circular agriculture; sustainability; ecosystem assessment
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Figure 1 Flow diagram of the "Five—in—One" orchard system
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Table 1 Energy indices of the "Five—in—One" orchard system

BEEFEHR Energy Indices

#1535 Expression

F8F5r& X Implication of indices

A ERTBE IR BEEIR Renewable energy flow R=RR+RP A BT IR RE(E
AE] BT R RE(E 7 Nonrenewable energy flow N=NR+NP AR B R e
] HHT R IR FL 2R Fraction of renewable energy R=(RR+RP)/T AT S S A L
ANATHEHTGE L3 Fraction of nonrenewable energy N=(NR+NP)/T BB PR AT B TR AR A L

IS BEAE LR Fraction of purchased energy
HE(H H 45 Energy self-support ratio

P=(RP+RP)/T
ESR=(RR+NR)/T

SEATHISE I RE A LT
ARG HRIIEREE AL E

HRE(E™ 2K Energy yield ratio EYR=Y/(RP+NP) BreH SRR EEAZ
77 BEIEL S 15 2% Feedback ratio of yield energy FYE=B/(RP+NP) SRR E S 4 RE(E 2 H

BEEJE 77 Energy waste ratio
FR45 171 157 % Environmental loading ratio
BEEFL T Energy investment ratio
ZE NS MEFE S Energy sustainability index

EWR=W/T
ELR=(NR+NP)/(RR+RP+B)
EIR=(RP+NP)/(RR+NR)
ESI=EYR/ELR

RGN FYTIRREH 5 S REE AR LLTE
AN AT IR R AE B AR X IR
BV REME S PR RE(EZ L
FGE X PR R RO 2

TE - RR—AT BB 1 ARG, sej s NR— AN AT BT F AR BT, sej s NP—IW S O AN AT ST Tk B BE , sej; RP—IA 3K A AT EBT A HLAE , sejs Y— R GE B
7 BEAEL, sej ; T—RGLE P AREE, sej s B—SUSREAL, sej; W— R G A B FHTIR , sejo Il

Note: RR—Renewable resources, sej; NR—Non-renewable resources, sej ; NP—Non-renewable purchased resources, sej ; RP—Renewable purchased re—

sources, sej; Y—VYield, sej ; T—Total input, sej ; B—System feedback, sej; W—Wasted resources, sej. The same below.
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Figure 2 Energy flow of the "Five—in—One" orchard system
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Table 2 Energy accounting of the "Five—in—One" orchard system

439 Category e i{_ﬁ Js R R ﬁb{ﬁ%%ﬁi _71 KBHAEME o S5 30k
Item Units Raw data Transformity/sej * unit Solar emergy/sej-a References
RR KB J 1.80E+15 1.00E+00 1.80E+15 [29]
KA e J 1L.O2E+12 1.54E+04 1.57E+16 [29]
e J 2.98E+12 1.47E+03 4.38E+15 [29]
HIERIERE e J 7.38E+11 2.90E+04 2.14E+16 [32]
MK aE J 4.80E+12 8.89E+03 4.27E+16 [32]
T 8.60E+16
NR Fi A ET PN J 4.74E+11 6.25E+04 2.96E+16 [32]
/it 2.96E+16
RP AT J 1.54E+11 3.08E+05 4.73E+16 [38]
SRR J 2.55E+10 3.49E+04 8.90E+14 [39]
g J 2.12E+11 1.71E+06 3.63E+17 [39]
Tkt J 8.35E+11 6.80E+04 5.68E+16 [39]
/N 4.68E+17
NP K JG 8.49E+03 8.32E+11 7.06E+15 [40]
V51K J 1.00E+08 7.50E+07 7.50E+15 [39]
HR MR JG 3.70E+04 8.32E+11 3.08E+16 [40]
4z JC 5.99E+03 8.32E+11 4.98E+15 [40]
2k J 8.78E+02 1.62E+09 1.42E+12 [41]
e J 1.12E+03 2.80E+09 3.14E+12 [39]
K FH e el g i JG 9.57E+03 8.32E+11 7.96E+15 [40]
FitJes T2 JC 9.03E+02 8.32E+11 7.51E+14 [40]
Tl J 4.92E+08 6.60E+04 3.25E+13 [39]
W)} J 1.43E+11 1.59E+05 2.27E+16 [38]
T 8.18E+16
B HR(AR) J 1.69E+10 4.17E+05 7.05E+15 [42]
b J 1.76E+12 2.70E+04 4.75E+16 [43]
R B whgk ok J 2.95E+08 6.38E+06 1.88E+15 [42]
BEE @R g 1.59E+07 4.62E+09 7.36E+16 [38]
TRAE(HrBEie) g 5.12E+05 1.78E+10 9.12E+15 [38]
TRAE(HTHIIE) g 1.43E+03 2.96E+12 4.23E+15 [38]
N 1.43E+17
Y A J 321E+11 3.36E+06 1.08E+18 [42]
HA J 9.23E+11 4.17E+05 3.85E+17 [42]
IR G 5.53E+06 8.32E+11 4.60E+18 [40]
B Sy J 2.39E+10 3.49E+04 8.35E+14 [39]
/it 6.07E+18
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Figure 2 Feedback energy structure of the PBG system(a) and
BEV systems(b)

R FF PRI GTIRALR T, 48 i R SR BRI TR 5 AR
2.3 REEAIFFEMEITN
2.3.1 GEUEH A L i b

ARG IR A AR b R G R -
RYE T AESF RGE AR RS RE(EIT
MrARPR WA 40 BEIRA L3 it A e R A A 25
FRYLRE KRR I E SR Bt BB Bk [ X AR
AR AR B R BT 2R, E AR A

R3 ERERZENBREZHRNTHEES TR

Table 3 Energy input and output of the "Five—in—One" orchard system and three control systems

T ttem HRE RS TR RS AN R RS
DFO system/sej-a™ PBG system/sej-a™ BEV system/sej-a™ SAP system/sej-a™
RR 8.60E+16 1.42E+14 1.35E+18 1.97E+19
NR 2.96E+16 2.49E+13 1.15E+17 4.82E+18
RP 4.68E+17 2.77E+16 3.72E+19 4.44E+20
NP 8.18E+16 4.72E+15 5.75E+18 5.65E+21
1.43E+17 4.14E+15 1.83E+19 0
8.08E+17 3.66E+16 6.26E+19 6.12E+21
6.07E+18 3.86E+17 1.91E+20 5.37E+20
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PWARISEREERRE LT, “TRCE” RGLHY™ HRE(E
1, 7 b I A AN (R S, AIASIE S X BT A = Y
SPARAE T, T O R A UL , B P AR AL T
HAT B R SO AR , P AR 7 RS0 2R IS SR A 0
THAMIX . MR 4 AR AR, IR R
RE(EL BT AR AR T B —TH - RGN U S
AL, REELBL PR E AL RGN RE SRR E
REELAE AR , XA R UL L RE(E A i 2 S BE
FUE AR HAB 26 R SRR, 3l 1 X RE(E A A SS Y
ST, ATRA R B T R SR B 22 1R FHRE AN
IKBEBEA X5 K PHEERZ I T R G MK K T R4
AINRERFIEAT G , IX 88 1 R G 5 L K345 AR
FAFRIRZNE, PR R R RE (BB DL GEF HLIE

B,
2.3.3 AlRFLL A JEIERE BT

BEE Dol Al A AP PR U Al
K SRR FP I ANBTER AL , BRBE AT I Ji B RAE A
WAESRGELEE REI B BRI AR TSR
ARG RGN 68.56% , i Al BB K 194
PLREEBOA , N7 ZEE AT T i S5 A DL A R 5t
WA RGN T OB RE ST VE Y 1 AN Al 20 £ DK
ROERTRE" RS H-H- R 2% HAES
R R G AT BB RE S AL, % T 50% , FLAH LA —
SRR R G A I AR AR T AR RO
s CHE B 3SR 5 T R 0 , [ e R WA 33 7l
ZEA I R GUE LA — b R GEHAT TSR K3 7 A a]
FREENE AR B R RCE” RGP Ay R
BB TR SR AR (AR AR T —
SR PR SRR T AR (2.77) X R iR
A AR PR BN PR BRI T 8/ , RERE IS
KA A Sk s, (RS Wu SR BFGE AT AR B, AR
SCHTHFIE I =2 IR R G FRBE 17 47 A< 2
AAERARAKY, X R R G R EOKF- B A i
R, AR R TSN 122 B DA BV AU I R R RO
SR BRI o

A FFEENE RIS E R i YR B I A R G
B PERERARAA B, t RS A A 25 R G RE(E PG
AL . R ER IR E” ESRE ARG -
H-W SRS IR U E S RGP
F AR GEIY 358 A AR KU 2 69.10,69.93 , 43.16
5 0.97, i Al W, TR AR AR b R G R - -
RRGRML, HRG TR SRR BO Y TIHAUES
PRGN 1.6 45 FA— 2 MR R G0 7145, A LT
ULEZ R R G — SR LRI 2R G0 BAT WS X R 058
AR, SEOMABL T A A AR R G LAY
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Table 4 Energy indices of the "Five—in—One" system in Dongmadian Village

BE(HIRHFE Energy Indices

“HEE" R4 DFO system 78— R4 PBG system

WRESH RS BEV system PSR R 58 SAP system

R% 68.56 84.97
ESR 0.14 5.0x107
EWR 1.03x107° 0
ELR 0.16 0.17
FYE 0.26 0.17
EIR 4.76 193.93
EYR 11.10 11.89
ESI 69.10 69.93

86.77 26.48
3.30x102 0.23
3.94x10* 1.33x102

0.15 2.77

0.43 0

29.34 3.37

4.46 2.69

43.16 0.97
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RGUHE SR RIS BE
2.3.4 W E SMWHERES 434

W 5 PR, AR AR R G R &k
B Y GHG JiHER S . FOuHEYE 77 ik 1251.99
kg COr—eq-a™'s BRAREIERE VA NE BUR <k be i 2 X,
FRRIEZ A1 LAt 35 A i = SR HE 0T, L H AR L it
PSSR SAHE O R 7 E (78.92% ), Hefit i 1k
FA IR 4 33 B T 14.029% F1 7.05% A HE il
o AT UL, K S0 - P — 14 A HLAE A Ak
JE” SR it KA R T LAE SO Al A SR R 5
AIHFEL R T AE GHG W R ARTE i H
A3 BEES T =975.42 kg CO—eq -1 290.79 kg CO,—eq
19 GHG HERL , 291> 2R e dne hy AT WL PR EE 2 g e o
WA P FRFE AR ™ A R 2 S ot TR SRR TR
SR, R T2 T% IR S S AR

3 £

(1) TR A AR B Ay — i R R SR A
AL, A B TR MR - TR A R IR 4
AR, A L Al R R A YR R 58, R E R
A A FREHTRE 0 R AT/ AR RCR A B
EE SIS RIS po g d R S LT

(2)“THE" R iR LR K PHRER I8 (HE 7K
0/ NS O 1= DR P g i ) R B
PASLIER 2 00 RE S pl e, HLAm3R BB,
HEPRRBAE S I3 538 26% , DRI 8 S 15 e (B B
BN, HA RAFI Al shRE T MR G As etk

(3)* TLBLE " A= AR AR BN PR A A A
TN REME U R 10 22 U7 A AR 54 L B A
SRGTUTT R AR B, T E 5 | i Ry S ik BRA L

A BN TAMEGEGTIRBN  SE T o b T REEL A 7™
BR, HAZR G REAEIR TR i , DLt — 4R R 4L
AP AL, BT B IR 2% T R GE IR B RE(ELI
Wzt , ASEEL AL A RE(E - B4R

(4)" R E" AR bl R SR B B AAZSY Y
GHG JHFRL AR , HsHEE 1w ik 1251.99 kg COeq
a”, R IR T AR A O A I JRORH IR S B3 %
A THHEA ARt 8 SRl ke B AL T
I, A 28 TR AU TR H BN AT 0 A SR ML (CDM) i
BUH A T B S A o
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