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Abstract

Grey theory has been widely used in many aspects including energy prediction due to its advan-
tages of simple algorithm, fast operation speed and good short-term prediction effect. The spatial
and temporal scale of the data is very important for the prediction accuracy of grey models. This
research fits and predicts the collecting standard coal quantity of livestock feces in whole China
and Beijing-Tianjin-Hebei region. The models used in this research include grey GM(1,1), gray
GM(1,5), combination of gray linear regression and weighted grey linear regression model. The
durations of data are set as 6 years, 9 years, 12 years and 15 years. Furthermore, the bioenergy
potential in the next 5 years is predicted. The rationality of prediction and applicability of differ-
ent grey models are analyzed. The main results are as follows: 1) The optimal model and time
scale of energy potential prediction depend on the types and spatial scale of biomass. The gray
GM(1,5) model with an average error of 1.51% is the best model to simulate and predict the col-
lecting standard coal quantity of livestock feces in China; 2) The optimal model for simulating and
predicting the collecting standard coal quantity oflivestock feces in Beijing-Tianjin-Hebei region is
gray linear regression combined model on a 9-year time scale, with an average error of 1.52%); 3)
The bioenergy potential from 2021 to 2025 is predicted. The collecting standard coal quantity of
livestock feces in China will decrease slowly, while that in Beijing-Tianjin-Hebei region will de-
crease first and increase later. The results of this research are expected to provide theoretical
guidance for reutilization of livestock feces in China and Beijing-Tianjin-Hebei region.
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BEVR R N A e A A7 . [ RATE A R 4% BR RN B Mg M) 0%« AR (o [ BV R TV AR
(2021): “F=17 BES PR RE) (18 (hEEFESTHES 2020) , FE BRI R S
FRESTHAER M 20%0A b, T HEIETHES, RERRIE I BT, SEN, REREMFRT. &
WA ANEBIREEYFURFIRIR A F T, HIPERAA L . SRR IR T 8 K REIR
JITRIN SR 2 B AR i B hE AR B € 5507, 2R ReIR SR S A AT R 2. DRI, ERG & HERY
TR A= 5 7 A BRI 0, T AR BT REVEIT AR R A B

AT AR5 R A T 70 0k /e B8 i A SRS B S S BE RSP A T T . — S W
JE TS R A R FE AT e B, AHW KA R SRA G, Sz KRR L i e T
W2 LU T . KERGHEGL “HMEEEH, HMERRM” B “MEA” o “IER”
AHENE RGP TN R, EEMEE “H3 7 CRERRAER. JTA, RBEMEREE, Sl &
GUATAT AU I IE TR A IR . B R PR R D, B AL s, D B AR DR,
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B —ANAE R RIGE BRGNS, KO RGBS N U S I R T = R A ik Y
FRIEAPIR AT SRR S RAED M. SR BRI, RRERREEEVNRR, 22MERLGE
TERIMISE R, AVRRF et BRI G, ATE RS — & CaE B XEH R G Bk ea
ARG, Kk, AR K6 5 G0 N B AP0 0 5% 78 0 ' T . 5% e 41 4 [2] i i Xt
2001~2013 UM T3 T AR TG SRR A, 13 BN AT I T AR VR B R B B R A K S5k, P
WK HR N 9.52%, H7E 2004, 2006. 2007. 2008. 2010 EE K EERcH, Bk 10 NE 5, kit
fitli BT R TN GM(L, )RR, X AR 20 A B3R T AR VE B B AT R . AT, GM(L )RR £
A NEAE PP 5 A8 5 25 B AR AR, FFRBCA 5 RS AR DGR R Fon rT AR = e, R R
ZEWE R, FEEEBAR, BB AT O B A BRI 7 v LA m AR UK

BT IR AT () GM(L,N) RS AT A 2452 TOMRS 5 o mh gl B S BT AR B R A T 7 T R AR
BEHRMEAEFELWMEER, N T RRFEAENGEFRBEEMEHNE. 5o HE4RA
LASSO-GM(1,N)AH & #8055 2020 4Frp [EFR & 7 S AT il , 1z H LASSO AR AY i e 0 AR £ 7 5 A ¥
ERWAFE R ARGEREA (e RN B RS AR EE IR AL &S
VAT AR 7 &, SRR 6 /R FAE 9 N DR A AR £ 77 2 AR 2 GM(L,6) .« 7538 ZE 55 [5]4H % GM(1,N)
B ERS S T G T AL, 3T GMLN)BL [ —F A4 7730, Ye R [61ARYE SR /BT 45
P T 2R GM(LN)K TN (8] fa A BE 741, A T BRI /INRURR R A 2, AL T X KT =
MBI ASIBIRIERE R 5 ARG 2 Z [ (2 R, FETUM AR FL A6 120 DX 7 3 M A5 FE B 1) R JE » Xiao
SE[TIEEAL T —Fh Sk i) GM(LN)RER () TUA SO AR = 28 T, o A5 NI 45 B2 GMI(L,N) 7 92 FA) oLl
RZERJE R R, e I A PR T HE A DG (B T A, SGEE ) GM(L N BB T T A A e O i
B, R T AR F (52 T B GG HCHE Rk, DRl b o s TN iR s AR 10 20 i EE R )

M IRt A B R R TR E A RUs R . KEH SRR KB R G A (2R
GM(1, 1) B AY) Bl K A B AL BB AR il N A& G 8 515 B A WL &4k . GM B B A 559405 5 BENLYE, 12
IR G AU R Th Ak, B — MR A B AR R A I RBIE ST, o GM BB il N — OB A
B A #E, SCILThRE FLAN,  BRAS A TIKS BE ORI & A PR 56 55 [8] FH 2K €4 SR I 43 1T 7 125 43 i JR Je L
BRIEVFEAT TR R 2R, (P& B RGN, T GM(L, 1) B8 I A1 3 T GM(L,1)
149 22 7 1B VA AR RY R o S0 7 92 PR RS AR BSLALIRS 52, T 1 2010~2015 4 B VLA RAE RS FF TR &
FHE9ME SAS FREL R, 18 F Kt R G5 BEAL X B 7 4 AR AR D AS A P Wi B Bk AT 00, DAZEAS EEAT T Ui
R BGF 2005~2015 BTG RAEMREFF PTICEE R, DUARAT LA O RAEDD SRR AL . Ak A4k AT
Jita FH B AN ANV AT B 23 7R R s R AE D FEAT T UCER B 1) 4 > 2 B R AT K LR 40 #r . 7E SAS
BTN AAH GM(L,1) K (A R AN KL T GM(1,1) 1 2 7o [R1 A B % 2016~2020 4 1) Bk P AR AE RS 1 mT e £
BT, FER R RRS B 5 iR 2 AT 0T . Hu [10]5% A & FH B R G TR 78 GMI(1, 1) B8 sk
T BRI T SRk, SN T $ R GM(L, L)AL TINRG 52, R A4 W 46 0 Hak 25 1E . BRAURIL, K
4 Verhulst #5847E U AR AR PDASFF IO FT AR B I PO O F GM(L, 1) & sl R (3 e A2, H 10
SRR AR R B TRINRE P B B T 7 4R 12 4ER 15 4, A EHLX A FUNRE A 99.69% 1 99.72%,
e T BT BRI A A M XA RS 1]

e AR, 3T DLIE 6 AR € B A TR AT 53 DA LA [ A T 75 5K o 22 B 85 [12] AL 5 7T A<= b i
FTRNFT R, RAKE GMLL)EECNIEAR T 7, i H Matlab 00F, 5 BhSGESSR T AR
MIARLEL, M R B 2Rk (B A AR, o “ =37 B b A 7= S I 7 SR HEAT 00 . A BH (23]
B X A B O o Rl R R, TR D R, M T — Rl D B A AR R M IR A A
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ST R XL 50 GM AT rp 22008 T SR IR 2R AR AR, XL SE1 GM B AT B0, N2tk
oy, ME T KOG SR TR, JEE W T KAV G SR TTIE Y 2 808 % . Zeng
SE[LA1R A B 3 BB e K E R T B R R AR SRR K, 23 R P B R B R, . B UK (i) . L3 72
I3 BRI FI 2 SR SR, B4 2002~2010 4 A [ R SRS 75 Sk Al 2011~2014 AF I T 75 3K - Men 4§[15]
RAEILIRE 2007 40 5oH Gt 8udl, @ik, @Sr 7 BA X E0 T K KRB IK BBLRL, )
2008~2012 FFVLIME KA L2 S EREAT 1 SRS S ARG AN 72 . Huang S5 [16180 % 7 RA ALY S8 R
HUI) 22 T IX B A BE 73 B0 B AR AR FIUIIASE 7Y, 46 X ) 2K B2 Bt 8] e 9 4 A P AU AT B AR T 41, a4 1%
R 87 F - BRI v B UR TR . Wu S5 [17]R] F —Fh 3 30 0 0 K i 8 FAGMO(L, 1, k)% H [ Fri A%
REVH PRaEAT THR I, I B R A BERE, A2 AR AL v [ A% e 2 gk 4T 1 1Ll

FRBEAR I, KEIRRASIRY S B AR R S e U ) T B BRI 7T, K Y
EORBREE b e AR R A g 2 G BT ] DU S i TR B . KT, H AT RO TR R PR T
PRI, 2 T HE I A RBEN K 2 G B B TR FE 52, AR OK 6 R BB TE AN [F] A 4)
JR K 07 R T R S M . AR T AR ORI, TEANF SRR E R, A S R R R T
e IR TR e A A R T AR A D AS AT 47 b o B PR RS B IS 43 0 B [11], e L HENT7E & & S 4 br i
(R0 [ R LA TR 2 RO o AN [ ASE 2R FRUAGS 2 FR s, DA R A5 B0 MER I o 25 2R« Ak H i,
FREER OGS T 8 & ST hR b= A SR TR0 (1 2 2P (18] [19], SR & T AN [l B 2 R 2K £ 3R
SUELIR T B A ST P AR I R M A BT T . IR AR, B TR E B PO AR R R A
0 [ e R A ST, DKV TI0IU y BE i ) 7 8 S8 AR W B e R 0 i B B . Rk, ARt L4
FE RN s S X 8 B 00 S FLAH DG DR R S, 383 K €8 SR IE 23 BT 1 2 R 65 38 35 1) 1 L5
K&, KA GM(L,1) K3 R R T B A B0, e TE & & 258 A=W REVRIE 1 70 b K 6 R L FE i
143 FH 4 DA B B 2 ROBESKT TS B2 sz, DARATR 5 3 8 280 i BE VAL PR A

2. WL IBEFERTE
2.1. BUERIE

AR 0T 6 O SRR - BERURT TP (R G R o [ RO BR AR . o RIS e [ 5
Gtk bRgibas. REGibEs. MG ek, PR S aIRE. £, T . B
B KA, GoiF et 0 35 SR A A RSO R SRTR, o T hR B FLAE KT Ik 2,
WIEL S, B BORIBRA MRS, I 365 KPS, R FER G5
A SAEHTRRIL R T HE B IRFR, HEMEAR R, TSR P RACRT A RS 578 [20] [21]
[22]. L1508 B AT IR RRIE R A S F -

ES:ZH:PiXmiXtiXUfiXUi:iPiXMixaiXUi @)
= i
Horr, ES AMUEM B IHEIARE R, ROV HMENEE, m i BMERWERAY, i ks
FRMZEEHTIE, M, i B BRI S EEHE, o i BEERERTIE R, g,
N SEIITAREE R B TR TS 0A [ R S M DORAE RS AT . & & AR LR L.
IR I B 43 A BT e S (P 458 B4 4 [ RN 3 ide S XN 185, ASBI R SCBC SO o 4 [ A g R 2 3 X
RIS TN S ARAEDIERMIA . ACIERET & REBLTAR . AU 30 J AT & 48 Lo i s A2 Bkt
Prid Rk 2).
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Table 1. Standard coal quantity of collectible livestock manure in China and the Beijing-Tianjin-Hebei region
F 1 SEMREEMXESEREFTRENTEE

B & A TSR BT bR R (U7 )

wh ES R
2006 62922.9 5286.6
2007 60878.6 32945
2008 62888.9 3360.2
2009 64973.3 3356.7
2010 63849.7 3220.0
2011 62719.5 3220.8
2012 63887.7 3298.5
2013 64386.8 3303.3
2014 65527.5 3424.6
2015 64703.4 3368.1
2016 62827.2 3245.7
2017 63483.6 3166.1
2018 62728.9 3030.9
2019 57059.8 2679.8
2020 57622.3 2620.0
Table 2. Factors related to grey correlation analysis
2. MBXRESTE REIBEXTWE R
ECIEN | bR
PNt FH ==
T T AR
RAEYIREAT AT ARAEH)FE A I AR
Aol N P
RAVHU B g
FEAF AT
8 AEs b b & AL BERMA RS FE L
[EEUEIEvE S VAR IYNIBE
Uk 230 75
LIB-T WL ON

2.2. REXEDH

PP REFT TSR B AP BORMA RS FE A A DT, HURE B AT SCRCHRN X 5 AN E 15 AR5
AT IKCOOCHREE i, IF A& & S\ B A BT 5, W90 5 MR R S & & I rin i &
MR . it E, AEEEFRMETIET AR CIE AR WL 3, HPhEgHRETHES
FEAT AT USSR B G TRFE de i, 9 0.843; HUBSL By REREE T, v 0.828; AR FEURIAE ™= BORM A% 4
IR EE 433 0.784 F110.680; JCHXFE SR 2 1] SCRRIN, v 0.574.
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Table 3. Correlation degree analysis of collectible standard coal quantity of livestock manure in China
3. 2EBEHREFWEINIFRE XIKE S

Foro IR AR R BRI SR £ RAATH HUES S AR

2006 62922.9 22498.8 88 58288 72522.1 7228
2007 60878.6 22810.5 144 60633 76589 8583
2008 62888.9 24201.1 131 62403 82190 9956
2009 64973.3 24194.7 82 64512 87496 10977
2010 63849.7 24826.6 100 66978 92780 12519
2011 62719.5 26203.3 137 69927 97734 14550
2012 63887.7 27282.1 104 72175 102559 16509
2013 64386.8 28043.9 100 74502 103906 18310
2014 65527.5 28392.4 97 76738 108506 20167
2015 64703.4 29154.2 108 79302 111728 21966
2016 62827.2 29029.3 126 81924 97245 23812
2017 63483.6 29188.4 94 84343 98783 25973
2018 62728.9 29145.8 89 86433 100371 28228
2019 57059.8 29470.0 145 88426 102758 30732
2020 57622.3 29739.8 156 90220 105622 32188

R 0.843 0.680 0.784 0.828 0.574

S XS B S TR AR R B OGRS R AR 4. Horp, R A DS R S &
FAF AT ITARIE R I RHREE B, 4 0.901; HLUGRFEAT TSR BATH UM 30 77, SRR 225009 0.864
0.836; KX IRACHIZ T HYCN, 4 0.650,

Table 4. Correlation degree analysis of collectible standard coal quantity of livestock manure in Beijing-Tianjin-Hebei re-

gion

4 ERSBERFUTWEMTRER G XEKE ST
For IR AATRER BRI SR AL RAWATH HUESI TSRO

2006 5286.6 1532.6 83.0 4850.9 9724.7 10821.6
2007 3294.5 1611.3 140.0 4785.1 10039.9 12106.9
2008 3360.2 1657.6 135.0 4708.7 10389.0 13800.2
2009 3356.7 1629.8 89.0 4617.4 10727.9 15111.5
2010 3220.0 1637.4 105.0 4648.4 11015.1 16775.0
2011 3220.8 1741.6 153.0 4600.5 11198.3 18643.8
2012 3298.5 1746.9 110.0 4538.6 11363.0 20794.5
2013 3303.3 1773.3 102.0 4464.6 11548.3 22454.2
2014 3424.6 1756.7 95.0 4406.1 11691.1 24497.2
2015 3368.1 1744.0 104.0 4274.8 11835.6 27202.3
2016 3245.7 1769.9 133.0 4091.0 8016.4 29489.8
2017 3166.1 1892.1 101.0 3988.3 8178.7 32017.8
2018 3030.9 1822.3 89.0 3896.5 8179.8 34588.2
2019 2679.8 1844.9 137.0 3817.4 8313.4 37468.5
2020 2620.0 1860.5 142.0 3571.4 8454.3 38805.2
RIECRE 0.864 0.747 0.901 0.836 0.650
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REERZEETEE
AW FCFT B 2K B K FLAH A T i I T VR 225 CUR R IR A SC[11] [23] [24], WEHE U BH o
T

2.3.1. GM(1,1)1&&

GM(L, )RR FH 2 GeA7 N Edis e 51 e e AR A, & 8 A o 4 S 1 5 e S A vk o 7RI i)
FeAVBARIETE, RS KA R IR RS 5, 7ERE AP AR S T, R oA A e S5 58 &, A
Vo AR R A i, N A T 4 58 ) B S REA5 F2 4 Hh A SE R AN E K R RS R R AR T, BRI B
AR 2 [12]. GM(L, 1) AR 2 [ 2 2% SCHR[11]. 100 2 410 «

RO =(£9(2),5(3),, % (n) -
Hep: x%(k)20, k=12,3-,n

2.3.2. GM(1,N)#=8
MRS LN T, WTARIF SR T Irbrbm e R R 2 A m K A AT GM(1,N)
KRBT W RGERIEEIE R

X = (X" (@), %47 (2), - XL (m) ®)
LEPNPSENGRR
X§ = (X (2), % (2),, X () @)
X9 = (X (@), % (2),++, % () ®)
A(i=12,-,N)1 1-AGO F4 8 X!, Hr
xf”(k):gxﬁ(k),i:1,2,.--,n ©)
A B B A R B
z§'>(k):%(zf'>(k)+zf'>(k—1)) (10)
Hrr: k=23,
R K @fﬁ ﬁiﬁﬂﬁ}?ﬁi GM(1,N):
X% (k) +az (k)= Zb,xl( ),i=12,--,n (11)

Hop, —aBONKREARE, b MOVIKENREL b FRONIRBII
SINFEFE AL S

; “z92) «P2) - D)) [
7 ®) ©) (0)

uz|b, [g=| 2 B % :(3) W@y | a :(3 (12)
ol ) 0 - 0] [xO)
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K /N L] R A5 u:
a TVt
u:M:(B B) BTY (13)
fRARIE JFAE
X (k+1) =22 (k +1) - 1Y (k) (14)
FET IR ORERE AT 45 R (58 3 AR 4), AW FER A GM(L,5) 155 ) Tt 4= 5 A a3 b X (1) & & 26
AU EEHTRR R

2.3.3. Rk EVAE SRR

IR LR A [P U 2 A5 A R T e Do 0 ek (e D S 2 R 3 A F e B K 33 R0 GM S B R 38 A R MR R B A
B, WORH GRS H T A etk 35 S UCR Ta Ul K& 350 7 410[ 23] [24]

FHZE L GM(L, )85 28 1) Jis 34 ] 1,

R (t+1):[x(°) (1)—g}exp(—at)+g (15)
FoR e .
X" (t+1)=C,exp(vt)+C, (16)
FHGAE 51 V5 77 A2 B A HOT R AR A& B A B Fe 471 -
X"(t)=C,exp(vt) + C,t +C, (17)
ﬁxl':':': 72‘;& v X C1C203%io
pe 2GR
Z(t)=X"(t+1)- X" (t)=C, exp(vt)[ exp(v)-1]+C,,t e[L,n-1] (18)
2Y, =Z(t+m)-2Z(t), WA
YL (t+])
v_In—Ym 0 (19)
BRA7) T X e XY, hRL8) A v KEECRY , BURRIK m AIEARFEKV LA
. -2)(n-3
VA v R, S m=12,n-3, HEV E@ﬁ‘%&%w, -
DI IAL
V=T 2)(n=3) (20)
2
A L=exp, N:
X" (t)=CL(t)+C,t+C, (21)
A /N 3L RS CLCCq I fE . 4
L(1) 1 1
Y :[x(l) (1),x"(2) x(l)(n)} C=[CC,C,] . A= L(:Z) 21
L(n) n 1
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MAEY=AC, Milifs:
C=(ATA) ATY 22)
AT 2R B 1 I FRIAE D -
X®(t)=c, exp(\?t) +C,t+C, (23)

JEUE Fr 47 (O T AE A -

(24)

2.34. MK ELMEE B SR
IR S AT () 2 3 5 AR DB & TS R (RS L S A AR AL, AR AE AT o, SRR a1), 5t
FIEEVE L I IR I BB AR AL IO B P A, 0 4 DAAS RN BUE[24], ERLR »

P=R™i=123:n (25)
Aok, ROHEEMET. Re[n2]. WHMR=15 fp=| 0 P 7 0| wasmis .
C=(ATPA) ATPY (26)

24. BEERE

SR FHAE 0 158 ZE K6 I R R FRAS B, 43 )3 3 P A0 20 B 2 (UL R SRR iR %), PUKRIE 6
F(2015~2020 4F) P A XS 43 iR 2 (LU i8R 2015~2020 4351 %)

3. &BR5WiL
31 2EREEFEVEEREITIRER K QRTINS

SyAAE 6 4F. 9 4E, 12 4EAI 15 AEPUFNINF A RUBE R RA GM(1,1). GM(1,5). K (&M & A AL
TR T A ] 0 5 v B [X 8 A5 25 v WCAR M AR I AT LA AT T, 5 R 1. BRI LUE
GM(L, 1) FHA €0 2 14 [0 V=1 2 ABE 7R (R4 158 72 B ik [B) RUFE FRISEANTRT 3G 0. GMI(L, B) RTINBUK t 2 P [ A 26
H AR S8 RIS AR R BN e g, mr R AR R LR E R, e R K TR R R
MR R ZE T . MIRZEGEARE, W4 [E & & 255 n R hn B S AT OURT PO S8R S i 1 2 12 4RI [R]
R R GM(L,5), “FHIiRZ N 1.51%.

SEATE 2 RRILEMHFA T LLEE, 7€ 6 4. 9 F. 12 M REE T K L EI 4 A R Hon
BB AR FOME #3079 BRI R I R, % S 3 E 500 T SR & an (IR R AR UK, X MR
W R B AN B S bRt e P 2(c) i, K t8 GM(1,5) 12 4RI [8] RUEE R (AR R FNE P A2 T B, 3%
HHIURIEEAAL, FEHZ SRR L 05br. 455, T2 E & 5 28 vl I br B R
I b 2 12 4RI (A RN Y GM(L,5) -
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Figure 1. Comparison of the average error (a) of different models and the average error from 2015 to 2020 (b) for the col-
lectible standard coal quantity of livestock manure in China
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Figure 2. Simulation and prediction of the collectible standard coal quantity of livestock
manure in China using different models at four time scales
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Figure 3. Comparison of the average error (a) of different models and the average error from
2015 to 2020 (b) for the collectible standard coal quantity of livestock manure in Beijing-Tian-
jin-Hebei region

3. FURH IR B E LB IRIE B T EUS BT 19122 (a) M1 2015~2020 L TR (b)
RERHEE

BIRT R ZE R AR 12 SR 18] RO R AR G 8k (Bl A 2H 6 S LSRR, (BRI R A R R oK T
FEMTIME A 2023 45 2ITUTREOE K (A 4), ARFasEhn. M2, 6 4M 9 4RI A RUE T KL
[l 20 S AT R FO B R AR ZE ORI . SR G518, AEARRTMMEAN S B ARHL T, KLk
PE BRSO S A R T B AT i 4y, HoP 3R 20 1.52%

3900
3400
e .
£ 2900 —e SR v
j@ o—*GM(L1) 65 BLILME
= GM(1,5) 64EBELLE
= oo R LEME A1 20 A6 ARSI
%2400 oS IARLIR E L [ A 2H A 6 E AU
AE
&
e
#1900
%
1 B
1400
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
=iy
(a) 6 LEI ] R

DOI: 10.12677/aep.2023.133068 554 PRI AT


https://doi.org/10.12677/aep.2023.133068

Kt 4

3900

3400

2900 —RA

-
g
g
w GM(1,1) 94L&
= GM(1.5) 9 RAUIE S
T R ks ACIVRPIERE ki = 75 Y /o,
2 2400 oAt 2 1R VAL 25 O R
# -\ /
HE -—
= .
it * 4
#1900 -
%

R i

1400

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

%

(OEESENES
7400 .
GM(1.1) 124F 4300 ?
GM(1,5) 124 RS {E /
6400 oo JRALERAE: [l LA A 1 24ERRHUL /
oo AR IR L £ Il TR 25 1247 B [

JEE/10Mt
wn
=
=)

\_)é
&
= 4400 /
X
E |
e
E 3400
P ~—= —
1= 2400 .
R il
1400
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
FEy
() 12 4F I ] R
6400 —eSERR{Y
GM(1,1) 15EEMELUE
5900 GM(1,5) 15EEREHLLH :
e IR LEVE A S 1SR
5400 o IR B [ L A 15 LA P
/
4900
/
¢
4400 /
3900

SR A TSR IR R 10M

T St
1900
1400
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
1y
(d) 15 4 a] R EE

Figure 4. Simulation and prediction of the collectible standard coal quantity of livestock
manure in Beijing-Tianjin-Hebei region using different models at four time scales

B 4. UREMX SEEFE R SIRITEE DM ERE TR EHREUR BRI

DOI: 10.12677/aep.2023.133068 555 IS RI R


https://doi.org/10.12677/aep.2023.133068

Kt &

S 2 [ RN A S X 8 A S0 TR BT b S A [RI B R AN (] e i) ROBE P 3R Z2 A0 2015~2020
RSP YR ZE R AL, R4 [ S S P WSCER AT b R AU AT T AR e e ) R 12 AR TR R T K £
GM(1,5), “F¥JiRZEJ 1.51%; ¥ HUiEFLHI X & & FE nTWESTAR I E R UL, 9 4RI A] U R AR (2 [
VALH AR (RN FE ey, IR ZE N 1.52%. (EZRTIIWEFL A, XIFIER5|Ab R i B s £ 5
R R B Y B BRI, F GM(L,1) TN | & & 3 E &, P IARHR 220N 4.38%:; 2 REAE[14]
PAAEIR T 9 4E AR = Wi M BUNIREE , 5T K B 2 P B L A B A = S A0 im 7 SR AT T,
BIRZEN 2.19%; H~EE[4]0A 4 H 25 AR~ 2 IR EE, JET LASSO 5 GM(L,N)BLRL X A [F iR
B RITEN, HoPiRZESR 3.13%. FRWFARIRES RS T AN SRZE, Biknra,
A T RIS DA B BT[] FRURE 6T T B TR s X AR 0 O 30 = e A ) oy L

Gl G TR RN Ui B X 8 8 J T TR IR i 2006~2020 4 HIAR AL B A RN BHE s i aT AR, K
1 GM(L,N)IE & BB S R I B RS, IR LR PR [N A S HImAUE B N 3&E & i e A K HA — 52
SRS R BEE A, K GM(L, 1) A AN IE G I 1 2800 T H A= gk s 1R B B i Adls

AR A5 Fo T ) FRORE RSS2 F Tt & S, 4 1 A0 S R 8 3 X R ok AR 1 8 7 S0 T WU R A b B L
5. AJLVEH, 2ESE&EETRERETTIRREAR R QAT TREBIR/N, Tt X & e n] i
SR 2D N EE M ES . NEENCERE, S0l R RH LI, (HE 7RSS
1SEEA R R EETR E[26], AT SRR R B R R AR e . MR EHIX SR E, 2023 EZ T &
ERMEPARE R SRR R RS, RFEZRT 5. . E = BRGS0 2 7k
b Wi [RGB 0 B R IR R B R ML BT, S X ) B OB R R ZERS . B RS A4
P[RS 5 THIE BB R BB BE[27], RTRERE— D4 o & & 2E AR YR I REVRIE 77

Table 5. Prediction of livestock manure collectable standard coal quantity in China and the Beijing-Tianjin-Hebei Region
from 2021 to 2025(Unit: 10,000 tons)

52 5.2021~2025 F2EMUEEMX S EXFERWENRESTUNSERERA: A1)

[X 1k 2021 4 2022 4 2023 4 2024 4 2025 4
4= [H 60104.2 59466 58461.5 56929.9 55077.8
AR 2346.5 2175.0 2141.6 2364.6 2996.4

4, 4Eig

25 RUPE A2 ST AR B R G B TROAS 2 1 s LR 3R . ARWE AR K GM(L,1) 2K 8 GM(1,5). K4
LM [ 20 A B FOIA DU b K (A AR ot A [ L U B X AN 25 () R R 18 & 3 v S S B b
BEATRLA TN, > HT7E 6 45, 9 HE 12 HE 1 15 AEPUAN (] RO N IO3NE RS 00, fdbT 1 I 28 RO R
AR ATE B & ST R TORS FE RS, R0 1 AR TR REVRE ), B BT 4518

1) XA BRI R A S [X B S5 m WSS T A O K B G IR R K IR 3R 4 T R A TR R AR
AL H, SREREE 330 0.828 1 0.901, ASEABUAN TN AR T A 5 B IR 43 il 12 AR [A) ROBE R B 2K
GM(L5)# R 9 4R [A] ] FE R (K gl itk [ H AL A A, HoP 43R 22 0 708 1.51%F1 1.52%.

2) T 2021~2025 4, 4 [H & & I T WCEESTAR I E AR S AR, TREEHIR/DN, A X
BB I AT R bR R R T B S I

KR FEAEG —Prhn it AN A SERE b, H8R T AR 23 ROBEXT & 68 385 REEIE /) T b 2K (6 R G 3
T PG A AR TS B2 s, 3RAS T BORMER I TN GE R, A6 4 A0 A Sk X & ol ke 2 3%
HEA RIS, PR A E A S X R REIR T AR KRG E R B T AR AU R e 23 R
Rk RS,

DOI: 10.12677/aep.2023.133068 556 SR AT T


https://doi.org/10.12677/aep.2023.133068

GISi)

op

farey
=¥

E&WmE

AW A 52 B [E FoK RS etz ] 5 1R FRNHRL B K5 11(20172X07101003) H 55 B

&5k

[1]
[2]
(3]

[4]
(5]
(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]
[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]
[22]
[23]
[24]

S BEVE I R E VR &R BT VAR A (2021): < = F S P FL R B IM]. H e RE A SCER A, 2022.
R, FT GM(L, 1)K BB RS B T 2B 3% B 3R A 7= B B T[], 25 FERd 4R, 2019(3): 111, 116.
EiEE, ML, FRE. MBS ERE =R R N B S 7RI H R E BT ] R R S R 4
2018(7): 36, 39.

O75Af, Sk, TR, AEX. T LASSO 5 GM(L, NI EAR &= &) T 51X % 55,
2018, 32(7): 30-35.

R, 2. — MR AT GM(L, NYEEZI[I]. DY) SCEE 2B 544, 2013, 23(5): 7-10.

Ye, J., Dang, Y. and Yang, Y.J. (2020) Forecasting the Multifactorial Interval Grey Number Sequences Using Grey
Relational Model and GM (1, N) Model Based on Effective Information Transformation. Soft Computing, 24,
5255-5269. https://doi.org/10.1007/s00500-019-04276-w

Luo, X.H., Yan, X.Q., Chen, Y.S., Y, M. and Li, J.W. (2020) The Prediction of Shale Gas Well Production Rate Based
on Grey System Theory Dynamic Model GM (1, N). Journal of Petroleum Exploration and Production Technology, 10,
3601-3607. https://doi.org/10.1007/s13202-020-00954-w

B, OB, BAOA, RERGIICTE B RILE REDFSFT o WE R TN P R AL RACR R 2244,
2011, 42(8): 123-130.

T¥E, REF, W/, BKE T KEORFEE IR RAERIEDFEFF TR EZ T ) SAS M), &
ANV Rl =, 2018, 46(6): 186-189.

Hu, Y.C. (2020) Constructing Grey Prediction Models Using Grey Relational Analysis and Neural Networks for Mag-
nesium Material Demand Forecasting. Applied Soft Computing, 93, Article ID: 106398.
https://doi.org/10.1016/j.as0c.2020.106398

R, BN, BMnt, Mk, HEE, B, dRAbk. B RN IR 6 R GRS TN RS R AT AR A 0 R W R AT
[]. Al T2, 2022, 38(13): 241-252.

R T IREGHEA GBI R RYR TR, Jb 55858 K % %W (1L 2R ¥ RR), 2017, 16(1):
120-126.

FIRH. BT IR OENERAH AR &R TN 774 []. it 5 Uk, 2017(10): 91-93.

Zeng, B. and Li, C. (2016) Forecasting the Natural Gas Demand in China Using a Self-Adapting Intelligent Grey Mod-
el. Energy, 112, 810-825. https://doi.org/10.1016/j.energy.2016.06.090

Men, K.P. and Zhang, N. (2009) Forecast of Rural Gross Social Output Value in Jiangsu Province Based on Optimized
Grey Model. Asian Journal of Agricultural Research, 37, 4353-4354.

Huang, H.L., Tao, Z.F., Liu, J.P., Cheng, J.H. and Chen, H.Y. (2021) Exploiting Fractional Accumulation and Back-
ground Value Optimization in Multivariate Interval Grey Prediction Model and Its Application. Engineering Applica-
tions of Artificial Intelligence, 104, Article 1D: 104360. https://doi.org/10.1016/j.engappai.2021.104360

Wu, W.Q., Ma, X., Zeng, B., Wang, Y. and Cai, W. (2018) Application of the Novel Fractional Grey Model FAGMO
(1, 1, k) to Predict China’s Nuclear Energy Consumption. Energy, 165, 223-234.
https://doi.org/10.1016/j.energy.2018.09.155

A2, . LR TG &SRS R[], LEcfol R, 2021, 49(22): 85-91.

RLL, AR, SR, T IR R T AR AR M) R AR BRI O Al S SO X A A 3] AE A AR, 2015, 35(10):
3480-3489.

BHEF. LLIE LY REIR LS RE VPO SO R ZR W FE[D]: [l 224010 3C). P At B atMRl K2 280 A B 2
B, 2018.

ARG, TR R R R IR X R TRIE A [D]: [0 30]. dbat: P ER LK R 2B, 2018.
XUR, PR, o Ao REVR 8 s vPAN R R AR [I]. B AR BEIR A AR, 2007, 22(1): 9-19.

X, & RORG IR LR HGE\R) M]. dbat BR2 Rt 2017.

Fo, BIAE. INBUR B2t A4 AR MATLAB 275280 [J]. YTPE 42, 2013(3): 52-53.

DOI: 10.12677/aep.2023.133068 557 SR AT T


https://doi.org/10.12677/aep.2023.133068
https://doi.org/10.1007/s00500-019-04276-w
https://doi.org/10.1007/s13202-020-00954-w
https://doi.org/10.1016/j.asoc.2020.106398
https://doi.org/10.1016/j.energy.2016.06.090
https://doi.org/10.1016/j.engappai.2021.104360
https://doi.org/10.1016/j.energy.2018.09.155

Kt &

[25] UHD, Sk, XU, 7hA. KEE GM(L, BT B & 08P i BN MR TR &L ERBER 2540,
2007(S2): 728-730.

[26] ARNRAF. AMRFRSCA (AP A B B ACE AT R AR [EB/OL].
http://www.gov.cn/zhengce/zhengceku/2021-12/22/content_5663947.htm, 2021-12-24.

[27] #Nz, BEEMk, UKL TR B T s I b R G LS A 3% A0 A [3]. bRl 2z Rk (fh 2
BIE£AR), 2021, 23(6): 50-56.

DOI: 10.12677/aep.2023.133068 558 IS RI R


https://doi.org/10.12677/aep.2023.133068
http://www.gov.cn/zhengce/zhengceku/2021-12/22/content_5663947.htm

	灰色系统理论预测畜禽粪便生物能源潜力
	摘  要
	关键词
	Prediction of Bioenergy Potential of Livestock and Poultry Manure by Grey System Theory
	Abstract
	Keywords
	1. 引言
	2. 数据处理与模型方法
	2.1. 数据来源
	2.2. 灰色关联分析
	2.3. 灰色模型建模过程
	2.3.1. GM(1,1)模型
	2.3.2. GM(1,N)模型
	2.3.3. 灰色线性回归组合模型
	2.3.4. 加权灰色线性回归组合模型

	2.4. 模型检验

	3. 结果与讨论
	3.1. 全国禽畜粪便可收集量折标煤量灰色模型预测分析
	3.2. 京津冀地区禽畜粪便可收集折标煤量灰色模型预测分析

	4. 结论
	基金项目
	参考文献

