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Abstract: The fragile eco-environment, together with low efficiency energy utilization, are typical features of the social-
ecological system in Karst mountain areas. It is of great value to determine the potential agricultural biomass resources
(ABR) for rural energy construction, and ecological environmental protection of these areas. Based on a case study of
Guizhou Province, considering the returning ecological straw biomass for soil and water conservation, this paper estimated
the total available ABR in rural areas using the residue to product ratio, ecological returning coefficient, collection
coefficient, conversion coefficient to standard energy, and process residue factor. The results showed that; (1) from 2009 to

2015, the ABR of Guizhou Province increased to 5191.50 x 10* tce annually, with a density of 295 tce/km’and 1.48 tce/
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person, respectively. About 1974.05 x 10*tce of energy-oriented biomass resources are available annually, accounting for
21.85% of the total energy consumption during the same period in Guizhou; (2) the proportion of biomass energy reserves
in Guizhou Province is unevenly distributed. The potential utilization of livestock and poultry waste is considerable, with a
contribution value up to 85% ; the average amount of cattle feces biomass is up to 3009.78%x10*tce annually, with a 68.39%
contribution to the total animal excrement, which is the most important ABR in Guizhou Province; (3) a U-shaped
temporal characteristic change in ABR occurred during 2009 to 2015 in Guizhou Province, with the lowest level in 2011,
which showed a coupling with an important ecological event of the southwest drought disaster in 2010. Finally, based on the
current agricultural biomass resources in Guizhou Province, this paper suggests that the straw power plants and straw curing
for fuel factories should be distributed evenly in the karst mountain area, improving the current scale of livestock breeding,
strengthening agricultural disaster prevention, and popularizing the comprehensive utilization of biogas, efficient firewood

stoves, and energy saving straw gases in karst rocky desertification areas.

Key Words: Karst mountain area; biomass energy; potential appraisal
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Fig.1 Sequential characteristic of elasticity ratio and growth rate of energy consumption of Guizhou Province during 2008—2016
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Table 1  The residue to product ratio, ecological returning coefficient and collection coefficient of different crop straws

" " . - . . " Py i
R ke e ®K o ke mx e oww M
Coefficient Rice Wheat Corn Soybean Tubers Rape Cane o

tobacco
HAY F Residue to product ratio 1.23 1.84 1.56 1.54 0.83 3.98 0.23 0.9
e
ftmf%mgiﬁ( . .. 1.45 1.31 3.25 1.26 1.70 1.31 1.7 1.5
Ecological returning coefficient
Wi 4E 2 AL Collection coefficient 0.83 0.83 0.88 0.88 0.8 0.85 0.88 0.9
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Table 2  The process residue factor for mainly agriculture products
ZEX Coefficient JKFE Rice A Peanut F K Corn HiE Cane
J T 8177 5 23X Process residue factor 0.19 0.27 0.2 0.16
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Table 3  Factors of livestock and poultry feces produced per day

HEH A Excrement types ¥ Pork F Cattle 2 Sheep & Poultry

%¢ Dung 3.5 25 2.6 0.08

JR Urine 3.5 10 1.5 —
—RRBMEATT

22 AYFEITsREl R

FRAEY R REGT IR A AR S i R LI AR 28 85, ol T LAAS B AS [ b 2k 2R Wy S5t RE ST s o RE TR
i, ANFEAEYBEERPTARBE IR AN, R SRS DR bs E TR, U AN R 28 B A VR B R B
FLith L3 LAXT R REFTTRR & IR IR

EQ, = ; Q. xm, (6)

Kb, EQ  REEFEFF IR YA RENR i, Q AR T EEREFF R, 0, FR5E | BREFFRIRITHR R 5L
AN TR RIS I B £Q, , & & AR IR AR IRV Sy it £Q,  THE TR S U ARIR] . X3ROl A
Aefii EQ W AR .
EQ,= EQ,+ EQ,+EQ, (7)
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Table 4 Standard conversion coefficient for each types of agricultural residues

T EZ 08 FAFF KEFF EFT R HRERF FEHART
ZEH Types Rice Wheat Maize Soybean Tubers Rape Cane Flue-cured

straw straw straw straw straw straw straw tobacco straw
yﬂ%%\;& - 0.429 0.500 0.529 0.543 0.486 0.529 0.441 0.471
Conversion coefficient

e T =T e

ZEH Types Rice Peanut Corn B ‘ L Pig Cattle Sheep Poultry

hull shell cob agasse feces feces feces dung
rin R 0.190 0.270 0.200 0.160 0.429 0.471 0.529 0.643

Conversion coefficient

3.1 ERERIEYREFT R

TN FERIEMFSFFREA RIS /N BK KOG E2E ioRE H R AR A= (1) —(3) ,2009
SELIK  ARIEAAED v I T A R AT R IR AR W B AN SR 5 BT

G 2009 4R LISk, S 48 m] RIS FF 96 R 9 A5 4 5 e it 2 T UL, 47 X5 ] R FH S A B8 IR s T A R
PRUESETT K 709.04x 10" ¢ ARvERE, AR R, TR ERSFF IR A A 19 22205 =0 ARHA H & B e, Toalk,
JEORFL B REVE A e | S 4 T A R BE IR A B RS AF R TR 290 609%™, FR LT DAFRESE., 50N vl B
TRAE A RS FT 02 J5 A i TR BIAF 1Y 425.42%10°  bRifEdiE, b, 0K R R RHE MRS FT 2 52 M A R AED)
FEAFGE I b 7 Heds R 0 =Rl AR, 7 34 ] R A= 1) o R it £ 53 0] o 448 A A B 1Y 34.02% , 24.49% Fl
21.52% (3% 6) ,FFJRXT E oK T4 FNHRRME YIRS FH 58 U5 1A ROBCER 2 52 M A8 RS AFSE IR I &R H A EE A
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Table 5 The biomass reserves of available crop residues

4EY Year 2009 2010 2011 2012 2013 2014 2015 I Average
FEHT Rice straw 198.11 194.82 132.76 175.90 157.88 176.25 182.52 174.04
FZHTF Wheat straw 33.85 18.82 38.33 39.86 39.20 46.82 46.96 37.69
T KAT Maize straw 293.12 300.51 175.79 247.37 215.26 226.70 234.20 241.85
K EFT Soybean straw 11.60 11.69 5.15 5.69 5.84 8.59 9.19 8.25
HHHT Tubers straw 66.81 55.60 76.62 75.50 84.37 92.93 97.43 78.47
JHRHFT Rape straw 140.50 107.67 140.79 156.05 163.47 175.13 181.01 152.09
HHEEFT Cane straw 5.73 4.65 1.06 1.92 2.47 2.47 2.37 2.95
Y2 JAFT Flue-cured tobacco straw 13.97 14.01 12.27 14.08 15.78 13.34 12.45 13.70
A1 Total 763.70 707.76 582.79 716.38 684.27 742.24 766.12 709.04

F6 BEBBEFEVRELLL/ %

Table 6 The biomass ratio of each crop residues

A0S Year 2009 2010 2011 2012 2013 2014 2015 I Average
FEFT Rice straw 25.94 27.53 22.78 24.55 23.07 23.75 23.82 24.49
FH Wheat straw 4.43 2.66 6.58 5.56 5.73 6.31 6.13 5.34
FKAT Maize straw 38.38 42.46 30.16 34.53 31.46 30.54 30.57 34.02
KEFT Soybean straw 1.52 1.65 0.88 0.79 0.85 1.16 1.20 1.15
BHHT Tubers straw 8.75 7.86 13.15 10.54 12.33 12.52 12.72 11.12
JHBHFT Rape straw 18.40 15.21 24.16 21.78 23.89 23.59 23.63 21.52
HEEFT Cane straw 0.75 0.66 0.18 0.27 0.36 0.33 0.31 0.41
J& MFF Flue-cured tobacco straw 1.83 1.98 2.11 1.97 2.31 1.80 1.62 1.94

3.2 Al g SR &
TN LW AN T 817 5 AR AT M B KA H B AR A (4) ,2000 4E LK 570 40
Jn TR = S A Y B RE B R R AN 7 TR,

R7T BEBRUIMIEFREMRERE (7 i)

Table 7 The biomass reserves of agricultural byproducts

FA) Year 2009 2010 2011 2012 2013 2014 2015 I{E Average
FE4YE Rice hull 42.19 41.49 28.3 37.47 33.64 37.54 38.87 37.07
FEEFE Peanut shell 1.16 1.22 0.97 1.25 1.31 1.55 1.67 1.31
T K Corn cob 48.62 49.85 29.25 41.07 35.76 37.66 38.89 40.16
H i Bagasse 6.17 5.01 1.15 2.08 2.68 2.67 2.57 3.19
4 Total 98.15 97.58 59.66 81.87 73.4 79.42 82.01 81.73

2 ,2009—2015 4F, St Al Tl B = & AF 25 B2 J5 Bk 3 81.73x10% t hifEdiE, WS in k- 24
MBS AR e DA B A A VA R Al i T8 7= 5 B AR M R ek T 0L, RS A A R i X
W FLRIR R TR AR R 7= T A A T REVRAL A A& 2R 7= St v, SR S5 RO KO, 2
FEAY5T, I B BRI ST AR 2] 77.23% , & Bt M MO I T8I 7=, 536 6 A A, wa W ml 1 A g
DA AR I = e U5 S AR 2540 5 B VIR
33 FEEMEWIEE

SN EMAGIT BB R EZE B X8, P EE RGNS, h TS EOE =K s
T, HOE SCHE— LIS B R E = AR AR T RE . A (5) 1(6) , T 5] 2009 4 LIk & & 3%
EG T (R 8)
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Table 8 The biomass reserves of animal excrement

A4y Year 2009 2010 2011 2012 2013 2014 2015 PI{H Average
¥ Pig feces 1146.47 1217.06 1217.77 1250.28 1320.56 1329.92 1293.88 1253.71
4-2% Cattle feces 324378 3260.02  2810.61 2774.09  2771.56  2983.60  3224.82 3009.78
2% Sheep feces 86.41 90.48 89.87 94.18 93.55 100.38 112.11 95.28
& Poultry dung 37.43 38.85 41.10 44.59 44.82 2.42 44.53 41.96
A1 Total 4514.08  4606.41 4159.36  4163.14 423049  4456.32 467534 4400.73

A, 2009—2015 4, B4 AR 2 3 6 FE 0 AR ) T B B R AR R Ik 4400.73%10° bR B S R E R
AHEATA WAL & B HA0 A 173 A28l AT REVRAL RS | B SR04 vl REVRIL A I A 3 & 28 (8 5 R4E 1
1466.90x 10" t PRI, KA A % R FH B A KW 2R AL, 2009—2015 45 (9 4F 355 Hh A FLAF R A7 42 5 3
SR 1739%x10% 3K 1 1589 10* 3k , 38 K T4 A A= FIAFAS B i, (N 3 85 2800 i 7™ AR 1) A 40 J53 e BT MR (B 16,
A TTBME K, AE YR A 1y B B 3k F1) 3009.78x10% t FRUEME , 4E 1 BTk (H 5555 68.39% , F 2 5 K 7E
T B RS 2SR IR B HER R B o T HA & & 268 Ui A 2R BN A e Y AT e AL & & 2
EYEIR . HHET, SUNE N AR FR5E 7 2N 3B R PR, 2 B IR LU RO | A e o BB Ak IR A AR vl
BT RFIE I E R,

3.4 ATRBIEAL SN AR ) R BE AT N RRAE
HRAEAF(6) F1(7) AT LIS R S M A R A Y R RE PR IR S (R 9) .

R BEBRWAEYFTREMBIE (J7 1 hrrElE)

Table 9 The reserves feature of agricultural biomass

A4y Year 2009 2010 2011 2012 2013 2014 2015 YIH Average
RAEHIFEFE Crop straw 763.70 707.76 582.79 716.38 684.27 742.24 766.12 709.04
A i T8 7= & Process residue 98.15 97.58 59.66 81.87 73.40 79.42 82.01 81.73
% B ZE0F Livestock excrement 4514.08  4606.41 4159.36  4163.14  4230.49 445632  4675.34 4400.73
At Total 5375.93  5411.75  4801.80  4961.39  4988.16  5277.98  5523.47 5191.50

BT, SN A A= ) B RE A T UL, 2009—2015 43448 1y i B R s i ik F1) 5191.50x10% ¢ bRl
Hi S F I A A= Wy R RS R 43 15K 295 ¢ ARTESE/km® F1 1.48 t FRUEBE/ A, AT BEVRAL A FH 104 A= ) i ik
K 1974.05x10" ¢ AR, S2IN 45 [R] B AR IR TH FE AR 1 55 9038x 10" ¢ AR, nT BB IR AL A FH (%) A= 9 T g o B
VR 2% LUk 21.84% , R K s AE45 AR A ) T R A 12 1) PN 3 22 S5 K, BRI A0 AR AN, R AT B2 U AR
RIP= AR BB IR A RRIR R I FL B R 13 1 2 ¢ 85, Hirp B & S - 28 W R it i v A
4400.73x 10* t HRAERE L5048 BT A W o e h e B2 A —Fp A Rl AR ) R IR A I T AR R B —
FEFFE(E 2) S0 U RS i i /K Pk gh I, JEHAE 2011 4F JCIR 24 W) T g B i i 2 4% R AL A it i
2R W B AE, AR A YRR i 2010 A9 5411.75x10% ¢ ARERE2UR] T B 2 2011 4F 1Y 4801.80
x10* t FRUESE, FRET 11 AN E 52011 AR LU 80 LT 3 (0 T 218 A4 3.4 AN E 00, 45
PRI T RE R A i T 2014 AR A AT R B ME BT | 3 5 2 i 2010 47 & AR 1) 5 g K 2 I IR A
T SR b DX b ST PSR A, K i e X o T A P i 7 7 AR, 2 T R B 2 K B R P AR AR
YEI ==, Hod , A= AR R R0 T 74.69 J7 3k, 1 B SR s DX A A b A= 0 TR R TR i AKX B
SR T 11 i o7 IR AR o, 3 s AR AR g T R A2 XAl A ) T B ORI FH Y EE A

4 Zig
R SCUASRE IR A G LI XA 0 D 0], BRI AENE 55 /25 R GEH 35 AR AR AR Py ey vk £ TR P2 0 o
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Fig.2 Sequential characteristic of agricultural biomass reserves of Guizhou Province during 2009—2015

S B HLEE MR AR B2 T R A T AR B T LR RS FT A TR S N A AR A A R T U
SR LU RS

(1) S48 R R Al A 0 R R B U T O, JF 2 9 1 K, A4 3 ] ) 9 P 38 5191.50%10* ¢ AR
R PR REVRAE A FH 9K 51 1974.05%10% ¢ AR, (5 SN REVR TN 9811 21.84% , G A H AR AW & J
Al A= 0 5 RE 28 5 R A TR R 500 B T e R BOZ s A, vl BEIRAL R A B R iR A T2 T i v
AR BE R T SR 4544, LI 3T Rr L X AR SR R B R L,

(2) B A Ml A 00 SR A e A 8] 43 A AR 8 RS FF R TR A 7= i B VR L 8 3 3 U — 3 AR B TR
WP RZ 13 ¢ 2 1 85, % & FEH 7 I 25 i DTk d K, P BE IR S 3k 4400.73x10° ¢ AR L
o AR A AR TR B 3009.78 % 10* ¢ AR, AF 35 DTHR (A 35 68.39% , J& Bt N 44 I B L1 &5 & (B WE U,
o e I FUR AL IR A Pl | X BN 2 AR S B B RN BEVE A BT

(3) SN 2009—2015 45 [a] 7] F| FH AR A= ) 3 e it /K P BB AR L 2 B0 U JE 25 A RAAE , A0l 28 9 i
YRR AE I S IA B, 2011 AR5 2R W I AE Gk 38 W B RAIRME , X 5 2010 4E & A P R K R SRR A
FAREBFZM, 5008 A Y B RE G it — 4 N G W R B R aA 11 AN 4 4, 2011 AR DL BELEE T E F)
2014 A AR 28 Y (E LR BRHT , d I e BT A bt DX 198 R A 9 ot B IR 7 ST X6 1 8% 9 38 g i o, R AR v, ¢
bR A 4 S R A ORI UK

p=

5 EiL

W TR A AR L DX PR B G 58 | 28 T 22 I A T RS Sk, A 3 T A LA 7K R R A VA Y
KSR Z R AR A BT RE R A H AT 2, X TR v R AR AR A K 2 A S B R IS R L, SR
o7 I8 ARSI B I ETER T A6 T SN LA Yy B Re i, TR 2R BT, S 48 R A T 09 A= 1) o e i
ST, IV 7R, anef B i A7 A BRI A ROR A& 2 55 2 20, Wi 18 SCRR S = AN TN R

(1) RN A=Y BT RE A FHEESE R AR IS A B SR S5 40 22 A T80, S AT & B 2 nY B W) B e Y
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PR LR 0 38 & M AT R A HIRLAE DA S 48 A= M1 BRE ™ ML T K B F A, BURT AR IR W8 B B A FBSRA 1
T A BN AR R | B 3 & LA IR FE K N IR A8 7 7 & F B 0iR UL e, BEXI RS
FERIAMY R TR MRS AR R AR ) O [T A SRR AR | 45 BEAR R A AT HR ) R AT 18T 4L 28 RE TR Al , I8
UFRE AT IR AR ooz S8 A B 1 DRSS TARAS RO S BORE FF 2 7 AE e

(2) g 30 L DX M B RS A AR T i 27 i X e T 8 Al g B R 1228 TR IX ) A A= 7 3 AR
R R RN JRE 1 3 ) N 2 B AE AR ML IR B P 45 R A7 1 7 T, SBORF A48 i A 0 TR BB T R AP 1 [ ek, B
JOE s A M A= 7= R 7 IR T AT S PR UE A ) T RE B IR E (I 4 5 A ORI T B B 228 4

(3) XTI R A A L X REVR A5 AL B — R W H™ B A REVROM HTBAR 4 A iR i et e 5 18
WL G A 30 bk 51 BERS AT LA b s S8R FHAR GG 45 1O RE USRI T 254, 205 2 Ml A TR AL R B e
i BEVRG I S AT 7 AL 5T LA RIS SRR T AT X RR IR-5 FEAE RE VRS T RS A, T4 M
ELAE) DRSO A i A A U X,
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