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2.78x10* kg TCAHLAUE R VA HE ARG AFIERT B , A 0.50x10% kg EHR . B FAEPIX EA MR, AEARHE N ALY 7.53%10% kg, 1305
DEH 6.37x10° kg, AT HAUAEYIFIAE, i0SRTBH TRWBRENS M FH T 20 43 hm® R H , 25 DMRFE L8 N RiHE, A —F £k
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Material Flow Analysis on Nitrogen Cycle and Energy Flow Analysis of Planting and Breeding Park of Village
Scale at Xibaidian Village

HUANG Zhi-ping', HAO Li*, GAO Shang-bin', ZHOU Lian—di?>, ZHANG Ke-qiang', WANG Feng', ZHONG Chun—yan? LIU Gang’
(1.Institute of Agro—Environmental Protection, Ministry of Agriculture, Tianjin 300191, China; 2.Institute of Agricultural Integrated Develop—
ment, Beijing Academy of Agricultural and Forestry Sciences, Beijing 100097, China; 3.Jilin University, Changchun 130062, China)
Abstract: Xibaidian Village is a representative Planting and Breeding Park (PBP) of village scale. The pollution load of Xibaidian Village's
livestock breeding quantity is equivalent to a scale swine farm with 15 000 pigs, and the production in this village is divided into breeding
stage, waste treatment stage and planting stage. Taking the system boundary for 1 year and not considering the hidden flow, through data in—
vestigation, the previous research and plot experiments, we applied the material flow analysis(MFA ) and energy flow analysis(EFA ) methods
to analyze the nitrogen and energy flow of Xibaidian Village. The objective of this study was to provide a new method and a new perspective
for PBP of village scale to develop low—carbon economy and to provide a feasible solution for PBP of village zone to promote cycle economy
and sustainable development and decrease the environmental pressure. Results of the nitrogen flow analysis showed that the total amount of N

annual input was 7.14x10* kg during the breeding stage, among which the amount of N sequestration in swine body was 2.68x10* kg, the
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amount of N in feces—nitrogen and urine—nitrogen was 3.93x10* kg, and the amount of N loss was 0.53x10* kg. During the waste treatment

stage, the N input was mainly feces—nitrogen with an annual amount of 3.28x10* kg entering biogas plants where organic nitrogen was con—
verted to inorganic nitrogen, and 0.65x10* kg of urine—nitrogen entered the planting stage directly. Among the inorganic nitrogen, the amount
of N which entered the planting stage through biogas slurry and residue was 2.78x10* kg and approximately 0.50x10* kg N was lost. Because
of the absorbtion of nitrogen by the plants, the nitrogen in the soil decreased 6.37x10* kg, while in plants increased to 7.53x10* kg. Tt still
needed 2.94x10* kg N in the soil to keep the amount of nitrogen in the soil during a quarter of corn planting, without considering other crop
planting and assuming 43 hm? of arable land in the village could be applied of biogas slurry and residue. And still needed 4.10x10* kg N in
soils meeting the plant’s nitrogen during a corn planting season. Analysis of energy flow shows that the total amount of energy annual input
was 443.51x10% kJ and the annual energy output in animal products was 179.94x108 kJ during the breeding stage, and the energy conversion
ratio was 40.57%. The amount of annual energy output in biogas in the waste treatment stage was 26.30x10% k] compare with 198.94x10°% kJ
in a corn planting season, among which 81.22x10% kJ of energy in maize enters into next circle as feed. It still needed 362.29x10° kJ feed en—

ergy, meeting the requirement of the new energy circle in the village. The nitrogen flow analysis showed that Xibaidian Village has the envi—
ronmental capacity to accommodate the breeding wastes, and has the conditions to carry out the recycling use the breeding wastes. But atten—

tion should be paid to strengthening the management and treatment of the breeding wastes, and to increasing the efficiency of wastes reuse.

From the energy flow analysis, it is known that the village can achieve more in energy management.

Keywords:; material flow analysis(MFA ); planting and breeding park; nitrogen; energy; low carbon; breeding waste
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Aqnfey, H S EEGE R RSP E A, B YA A
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WA TR E Btth S Bl A 28 R GE 45 LS IR B e A
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FYAL PRI 3 AR T A BRI N 55 (4)
MRIESL PR , B S A RS L BN 4373 5 (5) 25
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Figure 1 Chart of N circle in Planting and Breeding Park of village scale
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Figure 2 Chart of energy circle in planting and breeding Park of village scale
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1
1
1755 1
BhEE !
B X
179.94x10° kJ 1
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- ‘ VA 26.3x10°K] >—
1.96x10°k]

puscl HBAE

HE

A T35 30 000 kg-hm™, 73 7 500 kg-hm2 LA ;
43 BIAE S BB FH E W 45 000 kg-hm™

B VA& 30 000 kg-hm™ R
S BIE TS ARSI F E R 45 000 kg+hm™

C YA 30 000 kg-hm™ JyREAE;
A3 IE B EAFIAEIDING PR 22 500 kg-hm2+357K 22 500 kg+hm™

CK FEAE 225 kg-hm™ +7K 45 000 kg-hm™

B 3 kgom?, 5 0~20 cm TR A, I 0.75 kg m?,
YERELNE , 43 B B AR B PR VA 4.5 kg m™
B 3 kgom™, 5 0~20 ecm +HERE,

SrEEE AR R 4.5 kgom™
B 3 kgem™, 5 0~20 cm +HERE,

ST BEE ARSI FI TR R 2.25 kg m™ 75K 2.25 kg-m™
FRZ 0.025 kg-m2, /K 4.50 kg-m™

TR : 43 BIFEALEX 3 PR KT SR BE A
1.3.3 MEEDR

+AE43- 7] %€ TN (total nitrogen ) Fl NO;-N, HH
NO;-N W - e fef A 5 ¥ AT 43 310 000 2 VR VRV s 1)
TN; A — R OR , X FRE ™ , 251038 &
KAPRLANFEFT TP 5™ &, 0 € EARKPRLFIFS T Y
TN fRPEHE TN,
1.3.4 Mk

TN R F %€ @A 18 E VA E ,NOs -N & &R A
2 mol - L GALBIIRAR , FAM B B IL I RE Y,

2 HRE5SH

2.1 HEREE RS

FARFYFR=ELE 2, FAKIAK L NO;-N
TN & EILEER 3, RIESms R, a3 A 847,
BILL¥EHE 3.00 kgem™ 5 0~20 cm +3EIRG VB 0.75
kg m FEHERE , FH7E B AR 43 31 it P T Wk 4.50
kg-m?, ZALFE NO;-N [n] HEEREEME L, £ =&
HAXT R o FEASSCRIE I BE N RFRARER T M, LA
AbEE A SHEEHE,
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Table 2 The dry matter yield of corn(kg)
I b LR bRz AR B R = L H R KPR
A 1.88 0.16 0.71 0.02 2155719 814 119
B 1.51 0.08 0.60 0.03 1731 438 688 000
C 1.37 0.09 0.53 0.03 1570 919 607 719
CK 1.19 0.01 0.53 0.03 1 364 519 607 719
B E AR S 43 hm® HH 2R E K =3,
%3 EHiXW 1 NO;-N 1 TN &E(n=3)
Table 3 The content of NO;—-N and TN in corn soils(n=3)
0~20 em NO:-N = N FrsEZE 20~60 cm NO:-N FrsEZE TN PRtz
REALHE mg-kg! gk I b3 mg kg™ kg
Feah 0 0 1.02 0.17 Femh 0 0 0.92 0.36
A 0.52 0 1.03 0.02 A 0.2 0 0.63 0.09
B 0.35 0.03 1.09 0.08 B 0.21 0.02 0.56 0.05
C 0.22 0.01 0.90 0.27 C 0.23 0.05 0.57 0.24
CK 0.27 0.04 0.93 0.15 CK 0.20 0.02 0.71 0.03
22 NERSH kg, B ENREE 55.04% . )5 A% A& (Inputs )=

2.2.1 FFEWEE N LR
HRAE PEAEE A 758 R A s LA R BB ISR
PR AR B N ZHEA S EMHEE BB (LK 4
MK S5). B4 WH, SR BRR 2 R FOKTH
KRR, AR A N Z B E N 7.14x10% kg,
H13% 5 T4, 35 B RLE N 224 2.68x10° kg, Tkt
N AL Z Ry 37.53%, 36 N AR N AEH 3.93x10°

R4 RFEMRNFERALE
Table 4 Total inputs N during breeding

gE| B N11) p353 Hek Bt
Tkl /x10* kg 160.17 49.68 55.29 265.14
& N B/g-kg! 14.69 25.60 63.63 -
Ji N &/x10% kg 235 1.27 3.52 7.14

T o, FURHRARIEIL TP X FUARE MHRE SR . TR,

Yy 5 % S 2 (Outputs )+ FEAF S & (NAS) W] 40, 3%
FEBTEE N f9#55 R 0.53x10% kg, (5 7%
2.2.2 JRFYIAHBE N TR T

BEARFEY AL BB B N R BB EP A N, B&
1 3.28x10* kg, FERAAL B SRR P, BEIR E A RS
BHLERA Y TR AR TR, KR4 Rl VA
W R AFHL B, AR R AL RIE R %
RHIIFE

VAR AR ERARN S ', T REE A
WHRSE, HPEEIEr=aHk 800x10°kg-a™ ,N &
B 1.10%, 378 N 24 0.88x10* kg; B =& 4 2.42x
10*m*+a™,N &84 0.08%, $78 N £k 1.90x10* kg,
A1 N &K 2.78x10% kg, LA M 0.50x10% kg,

R 5 EIXEH N BHML(x10°kg)
Table 5 Translation of N in swine farm of agriculture park(x10*kg)

WH BT W= E® 5 N2° HepRE® He2m® PR N N ZEN &
BEE® 900 0.00 0.00 103.75 75.75 - -
Eera 6 000 11.12 0.26 20.16 16.20 - -
B 9 000 101.95 242 486.96 390.33 - -
AR 45 0.00 0.00 243 1.95 - -
it - 113.08 2.68 613.30 484.24 0.65 3.28

- OBUE TS S A RSSO U A FIGT B , A LUAE A 1.50 J7 33t QA= RARSE B A SCBRITE™, b BB B AR
PSR 0; @R B N EARYE T SCIRITA™, B AR P9 0.023 4 keN-ke™ I, FAESE A 0.023 8 kgN-kg' PI;@DJR N & i 1.00%;®
FE N FiN 6.78%; @R E T, AL ARHIZIR - BAF TR BTN &,
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2.2.3 FHEBYEE N JTTE T

HIEF YA B BT A0, i AR BTBLAY N &R
FEHR N IBEFERK N 2, 5114 3.43x10° kg,

IR 2 L 2BURE R 0~60 cm, +1ETE H 1.30x
10° kg-m™, IRIGALFE A #1,0~20cm +HEHEN S &
HERESEEHE 0 0.01 g+ kg™, W] 43 hm? 0~20 cm 13
N 3k 1.12x10° kg, i 20~60 cm +/2+3EN S &
FOEEAIPE 399820 0.29 g- kg™, T 43 h® 122 13 N I
D%y 64.84x10° kg, 155 H R 6.37x10% kg, Tk
DR EZON MR IALA NO SRR . Hik
A, BB ERIEAREW EFE I B oK, &
REEHEPHAR M —F R EETREE S
RE R 2.94x10* kg,

P VA BB A BRI A rT 1, — 2 5 K A
W, VHHEALFE A L CK Hb EF3E ™ 1.84x10% kg-hm?,
kL3 7 0.48x10* kg -hm?, ERFEFT N & &>
7.70%, EXK: N &8N 14.69%, HIHAT 50, 38 137
FATRW TREARE , 4] 43 hm? 4 AT 42 5 FORFEFT
N fHE =N 4.50x10* kg, FPhL N 347>k 3.03x10*
kg, MR EEIE RN 7.53x10 kg, HLMEMT KA N
A, - R ELETAE 4.10x10° kg,

WA XN R0, ORISR EE R b
XAGEA R LFHZN N EEEFTY A, BT
W SCIFRFE R S OEIA A, RN BT RS R R,
WA AR SRFE & o
23 BEERDW

AR PR CRE A R TEE KA
XoF R BB S B R RIS s VR AN RS A SR e i
FONBE(E , IR IEA X TORHEY T IR R . A X R
FIE A R —F R EM R . LI AR B 45
R HBEEITHRME LR 627,

R 6 BMMRAERITEE
Table 6 Emergy of different matter

2| REETRAME
AF1/x10* kJ-h 0.075
B, 77/%10% kJ - kW +h! 0.112
R IEHIx10* k] kg™ 0.108
FKM/x10° kT - kg 1.65
FERR/x10% k] - kg™ 1.89
FH/x10° k] - kg 1.66
FRH/X10° k] kg 175
H$E(100 kg LR )/x10% kJ kg™ 1.33
A% (100 kg L 1 )/x10% k] -kg™ 1.62
P IRIX10° k] - kg™ 0.10

2.3.1 FEEMBRER T T

HRARE PE A S A SR R 2 SiE L R B A AR
PR HEFENBRER A BB EE, LR 7
MR 8, FHER 7 AT, FRFH MY Bk} 322 KT L Bk
R AR RHA R, HAFE S A BE R R 443.51x10° k],

WX TR NI 8, HBE BEEEREN
179.94x10° kJ, fa Bl RE R % T % 40.51%,

—A~ 1.5 138, i BN T A E R
33 A, B A H TR 10 h, M—FE A S EFHEERA
0.90x10° k], ZEREEIR A L 5 B2 0.21% . FEH &R
H %7300 kW-h, J—4EHHE BRI AR 1.22x10°
kI, 7EREEHRA L 5 B2 0.28%,

R FENREEBANLE
Table 7 Total inputs energy during breeding

TH EXRM BBz Kk At

FRE/x10% kg 160.17 49.68 55.29 265.14
EHER/X10% k) 264.28 82.47 96.76 443.51

* 8 EXEIFREEREW (FEx10" kg, EEX10°L])
Table 8 Translation of energy in swine farm of Agriculture Park(yieldsx10* kg, energy x10°k])

JH L A Ee RO EER HEPR & HEZER REgEEY HRERE®
BEW 900 0.00 0.00 103.75 7575 - -
5% 6 000 11.12 14.78 20.16 16.20 - -
B 9 000 101.95 165.16 486.96 390.33 - -
A 45 0.00 0.00 243 1.95 - -
5328 - 113.08 179.94 613.30 484.24 42.93 48.27

T - OBUEIARTE T K G AR RIS RO L A RIS BCE , S5 AR RS 1.5 73531 @A AR B A SUBR TR ™, b BRI AR
R TR 0; OB T, B AR IR ™ B %5 T 3 BRI AR i s DIRAER 0.07x10° k) -kg™; ©2ERE(T I E ) H 0.356x10°

k) kg™ JEFEEIKHE T2%,
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2.3.2 RFYIAC PRI B RE B T AT sy
3 itig

T ZEH ATBR, BRI LR B AR
TR PR B RE B 42.93%10° kJ BLHEE AFIAE I B Y
BEREIR

I 1t BT 4 S0 m® VR, FIEE RS
R 26.30x10° k], L3 9, VA JHBRHPVEHRES
fIC MEAE, HPESH C & &0 11.02x10% kg, H
C M EHE N 2.39x10° k] -kg™", TIAE MR WA C 7
058 4.00x10* kg F1 0.82x10* kg™, HAE 4351k
9.55x10% kJ F1 1.96x10° kJ ., T FH F&FE 5 /KT CH, HE
Jik K p HoAthig #2215 BB E AR R 10.46x10°k], HY
REE AT, BEREABEINEEELERRY
54.49%,

#9 BEHENHHE
Table 9 Total outputs energy of biogas

TH  HEUTEXIC n HIHEX10 K -m” HRREEX10 k)
¥k 24.21 2.09 263

2.3.3 MR B RER AT

fB15 43 hm? & HAFRAALFE A & IHFRIE E K,
N E KM BER B R 328.85x10° k], ILZ& 10,

DIAbE A VERA I RER REETTE, &6
VR VB AT R 26 hm? & H AHERT , W) B R 34
REE N 198.84x10° k], HA FRMRER M 81.22x10°
kI, FEFFRE R 117.62x10° k], T RATHRL A BE & ]
FravkH i A BT ESA , B0 R SR AR e X AR A
B3R, E T A TR B RE R 362.29x108 k],

FH B S AL BB BE AT, 1 AR B B 5 524
REE K 54.44x10°k), B 2FPHE MBS REER RN
198.84x10° kJ , 3% F= 2L J2: Fh F A BH BB A A LA B HoAth
AT B RE B A 8 Tl B AR AR R RE RS
MRk KPR AT A S RERIAZ H, R AP
fER— 5 HMA I B RE R S A F R RETR , Him
ABRAS RGP REEZ AR R I A KL
MER, MACE AR E 53 ZJLA K PR REFE (b A=Y
J5E H B Ab A REP, DR] T A SRR AR B B BE & A A I 2 B
FYER BRI

(DEREH, BN REYELER—R]N
27% , 76 M TT 3k 28.8%, A 57 Fli A bl X 7E SR 78 By
BEa L N 5430k 37.53% , ik BB R K F . LAZEN
MR N B R FE N 55.04%, & TEH A
MR Y 53%, T N 818K 7%, L IZM W& &
TS BAMA FAKEES, (HEFIEE g EH
YA, R XEFYIEIRF R,
R S el X A SRR A2 R, PRk bl X ] 42
K&,

(2)A3C F LR 5T LU S AL SR F R A7 1Y)
FiRE IR I X0 R G R Res & R B AT AT, AR H
YEYI N TR B R I X B i 325615 35400 i 36
RAR FEN B N R SER g T3R5k A
WX G5ARMMEESREE I AT RGN N EF TR
BB DA SRR IR R A A S A AR Z A=, H
FRAERYBE N RAHTel A, DAAbEE A VB & B A
W IREETTE, AR R XA 26 hm? &
HH 7 o AN TR, Q2R VR VR VR AETH 2
TR T4t 43 hm? R H , Z DARRE L8 N ZiH5E,
i —ZFF K LEEF AR 2.94x10" kg, 5 LIMEY T
RN ZHHE, M-S E R ELRFAE 4.10x10°
kg, (LA N RS HTUi BN R A S B A 9IS TE R
RUARAE,

GIMEBNZGREERABRK RS T2 aTE
PRGBS . — R A VLIRS, T EUFE ML . Fah . B
J1 FhFRAYUIERSE ; — R ITVLRE , FEAFEIAL .
R A HIA AR e SRR R 155 . B
RIS AR — D AR R AR RS,
R BB BE B 2 A T Bl BB A 58 2404
ARG ABAA VRS A VLB A, o SR 5 B i)
BHZARER 443.51x10°k], & ™=~ H fE179.94x10°
k], BBE = HHFH 40.57% , = FE AR 25.8%™,
X FE T ABII S AR R AT B HAth
HEERITEEN . EFWALER BRI H A
26.30x10°kJ, BEEFL LN 54.49% , FifET B —ZF &

R 10 EXGEEHHE
Table 10 Total outputs energy of corn

BV S s V)
x10* kg

FARHE/
x10* kJ kg™

FARRIRER/
x10% kJ

FEFF- 1
x10* kg

FEFFRE/
x10* kJ -kg™

FRFEFRER/
x10% kJ

AR/
x10% kJ

81.41 1.65 134.32

134.16

1.45 194.53 328.85
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K= HBE A 198.84x10° k], Bt K F#E AFE R BE Y
JEFYIRER 54.44x10°k), XEERH T RKHEEMH
AR S A B RE R 8. BEE TR, X
R RE R AR R FF AR AL AT HELL
KBRELR

4 i

(D)l HEpe X N R ABE R 4T, P A
FrEE AR FE X PR A R B SE A IS 10 B 5T
YIRIR, BEE U M S BUSR AR B S B SR A A AN SE B2
GERIRERBAT ), 38 T LUINSRFREE L A9 K

()Y AN RE B vk FT LA DA SRR FE
TR X N FIGER R shike, @ity R Fiee
BWAEE, T AR A RS S A S E YRR
FashT5 1, A RIFFE A FE X R ) Rk R AR AR 225
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