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Table 1 Raw materials for the project design
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Table 2 Key process equipment and parameters
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Table 3 Comparison of several straw pretreatment technologies
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Fig. 5 Control factors of high-concentration joint anaerobic fermentation

4) KA T ZHAR-E T K Ve A2l . H AL HERAG 280, s Jikve . fe2emal, B
OYES . BEMGESEEOR o AT HRM TR IR ASREEOR , FEIE T IZEORB LU HEREIL A1,
MR ok, WK AT ISR, 23Rt RAME G A 2R &, BT RETiE, 2B Rinm
(CH, ¥ & 35 2 99.7%) H. 46 br s E Y4 5 XF I5ORHE Sh A9 HS & & JL-F o 25K, JF al [7) i) 2 B
H,S; ARAF T, RN IR S0 M TREARRERE, Fldam G B imEm X,
13 ®itH=R

D) A i o SR R LSS T 2T RE . (M Tisfr 4o Y, BSR4 e DR EUR ERE (0 T
ZUIRE, RARIEAL) A B M E T A X, AR S AL B R FEERRD . R R IERE A
SRR AL TR . A SO R AR I A SE SRR X R o AR SRR S CRESRBT B
KA ) (GB 50016-2014) ZE3K ,  fE R 14 K A T IR DK I [m] f ST a4 T Aiolk 823 B e )
(GB 50160-2008) FH B 2Lk o & X T2 R 22 W RF o5, 7B v KR TT h N 2R 558
JBR A R AT R AR AE P Y T AT TR T e r B R D RE 3 2 O TN (18] 6), X R T A8
H A R R A0 I H S D RE T Bl Al ok T AR AE A1)




57 TR RAE: HRA B B R SR AL A= My R IR S0 H BRI 5 5 920 1963

2) SR IKHHIE. 6 BT AL P - | Zos00m
JE T, AR, R IIR T k30 <, IR (L p——
wﬁ =

|

NEESIEE Y acy 4 a0 $ S P YNNI &
B B im Aok sE A A TR, a4
BT EIT T ERPR . X2, ER
Z LT RV HIX, AZRAEVEIE N GE, XA
AL ESENEZEN . T rRix—

Sl TR AR, i TS 7R AR R /| z3300m
2 TR GIAE L2 RER H Y.

Fili A TIUAL 2R T 00 85 )5 O VE I, TR TR .
S B A DRI BE AR iy, FIHT T A Eo6 ZAIZEBEATEE
WA TAN P S T A7 A R, & Fig. 6 Cross section of comprehensive process pipes

ZEJFEOR LIRS A R =, Ao tE A R 3805 R SO S REAR R, RS AR 4 B R HRT &, & H
BHARUN A7 D

SR FH AR TR E A (T M) A A0 0 A+ T 40 45 A o TR TR A I E A ) AR AU Ll e AL, o A G 8 1
TPt IRZE s R FHRESM N A 5 0E N 3SR 2 IR RGO O UERE VR, B IR AT — RS Bk
B o
2 TEZLHEHSR
21 IREEITER

H 2017 4F 6 kA= Liok, TRRA KA EaJitl, S pimik . vk, 4#
gl AR RS 8 — R R T It R g iE 1T, EMEN DA E G305 1, TR b, LF%E
RN AT RN 3, BEEIG A RIBAGIRELE, KRR F VRS HIRFERE KA 0.2 C
CRAIEHRHME ST ), A H B AS RE 2 R IR 8004557, R B9 TR BT A T80 . R
e AR T R e B, BORHE (B350 BNG 7™ i) FUIERHIN T8 55 b6 2z s %, i b
P ERERR R, R R BERE LSRR, = 84 3 000~8 000 m*-d™'. #FRHE AR TS it
fr K 4%(3575), HE TS Tl h 15%(TREFF), REERE 2 ok R K AMETNSS 7 . WEKBRD . pH 5%
GEAFIMSG, RABRTFHREREN.
22 BHER

il = 1 AL IR 52 e RS AL A ) R AR ASA Tl il B 4 JRe () DGR IR 2R . i, I E H 2018 4F
AR RITA KR S BRI, 4 B85 T35 R B+ (BNG) -IEIf 2 28 & 2 R A

x4 BHEBITERR
Table 4 Profitable operation mode

BrEe  FIATH FERHE 7R BRI Hs
, - BEEGE4%TSIDA e
oG YRS TR s — ARz E
LR IR B GE S  B) iz
FofdG ZEHIBNG  CH99.7%; CO,H0.3%; H,SHO0 PATHRHEGB 18047-2017 Y

AU N 64% 5 EFRoT PATHRIENY 525-2012, MRIGHITE MY TR, E
(N+P,05+K,0)45.9%; /K453 H16% AL AEHEE, S5 PUERALIEBURN R )
AU ECH0.7%; BAENR

v 1 ‘u‘,j‘u? ) AL RaHNEk 25
PR S A PR 0200; TEP,0.H0.1%; HIK,00.20% (ERTRAS &

b [ESAHLL




1964 ® o T OB W #1145

X, Hodr 287536 B 9% R BNG 7= & R R JE
THIB AT AR DL +p o0 H B A 8, I H i
I 22 ) D0 = 5 A AR 7 B Y B R i Ol s
. SEA AL UT 1 AR B T 2SI B 2
20 76 t'(% 4%TSit). % H BNG(H A <
¥ )3.5~4.0 JC -m” F[E & A HLIE 8 & #1000~
1500 JC -t B9 £ B 4G oL, AR 7 {E I8 2 3.3x107
TG FIEER . BAE. AN TAYTIHSERAS,
EBITER AP AN BNG 2.5~3.0 5C'm ™,  [#]
A4 HLAE N 600~800 JG-t', HET, WHE ER
AR REME R EGE, I H I TR IR

BRI T R i E B A L B mm

J e (IR 2 20 km, THIEEA L 37 4b) 19 Fig. 7 Pipeline network of biogas liquid
KK,

3 #ig

1) AR WATCHUIL R X TR AT AT AL BRES 5 1 AR Wy Ak 27 Tt A PR e a5, REAE DR g 25 73
Ak B AT B4 T 38 S8 AU 5 I B 3R 0 o e ok R I IR R A TR A ) ) S B TR 2R A T E Y
Y. R RS KA LA R A AR AR . P BRI AR RE AR

2) BRI S, RIERSAT 2SS Y TR A, BT 2 R E SR AR WA L BEAY . AETERS X
Sl TARRS, AT 575 R AR T A O L 22 IR TR VORI AR B BN K g 45 B R 1] 45
REVERIE . TARBCIT ML, BB sm sl i Of il A T BE N /RESN 2 BRI RS

3) AW R AR T LA iR LR B MR e BT G A, A ST A9 i SR A B0 R PR A0 26 22 )
BRI H L ATl B SC R . SRR, < FE TS A B -IE R A M LR AR U R 2 %
4, AEPIRR R TAEAN 28 T R SR AR, NAE T 2D REH JeREIE W a7 pskal b, 95
e db PRIROR A BEFIAE SRR 2T RN S 5 A s 2 5i 4.

2 % X M

(1 Wigis, $Rarse, DA, 45 & S 2 Ml B SR AT AL B T Z ARG (0], fL T2 40, 2015, 66(6): 2220-2226.

(2] TR, TK2ER, SR, 5. 7 [ AR e A (B B0 A 2 A e MR RE RO RZ MR (D). BR8E TR 741, 2016, 10(1): 485-489.

(3] HEIAT, SRARNE, flm], 45 ARl AR 7= PR B S B8 YR AL B0 5 X R R R 3R 2047 ok B IR AR B0 A 5080 0], B Rk,
2014, 36(9): 1925-1932.

(4] U, 3, B, 55 REZF &5 LIRS 1E BIBOR A AU/ HT 0], h RSB, 2013, 33(12): 2268-2273.

(5] 2%, B, PUIPHLIX A B FRAHTS YL 00 5 B AL AR IS [0]. BEAY2, 2011, 33(11): 2204-2211.

(6] WREAR, HIE M, FIR%, . RAEYIREFFER SRR B BLAR . A7 e R R R 0], vh AL A1, 2018, 39(2): 67-73

(7] AR, B0, TR, 55 RIERMEYIREATLR S BRR S BEBE R T [0]. AL S X R, 2017(9): 32-37.

[8] HATMANN H, AHRING B K. Anaerobic digestion of the organic fraction of municipal of municipal solid waste: Influence of
co-digestion with manure[J]. Water Research, 2005, 39(8): 1543-1552.

[9] LIUC Z, CHENG X Y. Microwave-assisted acid pretreatment for enhancing biogas production from herbal-extraction process
residue[J]. Energy & Fuels, 2009, 23: 6152-6155.

[10] ZHU B N, ZHANG R H, GIKAS P, et al. Biogas production from municipal solid wastes using an integrated rotary drum and
anaerobic-phased solids digester system[J]. Bioresource Technology, 2010, 101: 6374-6380.


http://dx.doi.org/10.12030/j.cjee.20160180
http://dx.doi.org/10.1016/j.watres.2005.02.001
http://dx.doi.org/10.1016/j.biortech.2010.03.075
http://dx.doi.org/10.12030/j.cjee.20160180
http://dx.doi.org/10.1016/j.watres.2005.02.001
http://dx.doi.org/10.1016/j.biortech.2010.03.075

57 TR RAE: HRA B B R SR AL A= My R IR S0 H BRI 5 5 920 1965

0] 250, ples, M AR, 5. IR UK BEr Al U 46 A 0 Bt e B [ 7], 24 RAE T, 2015, 44(1): 30-33.

(12] BRI, RRAL, BRL, 55, BTG B SR A A T S A BOR 2835 LURERTSE[I]. PREE TR 4R, 2007, 1(1): 130-133.

(13] I, SR, ARTT. W A B v [ A R AR A PR [T, RART0L, 2013, 33(9): 141-148.

[14] 5K, BTz, @AW, 55 RIER R P RE TR A RIUR | AF7E RS X SRS IELT]. AR BHR-S XA, 2010,
31(2): 57-61.

(151 XU, 2Rk, AT R ih BNE S CARB T IR SE[0]. AL A5, 2015, 28: 108-111.

(16] BT, 2575 4, SMER. VR WIAL B FORREFT15 48 2R G R AT AL UHERE BT FE[J]. P IEITE S, 2018, 36(1): 39-46.

[17] LIU C M, WACHEMO A C, TONG H, et al. Biogas production and microbial community properties during anaerobic
digestion of corn stover at different temperatures[J]. Bioresource Technology, 2018, 261(1): 93-103.

[18] NIESNER J, JECHA D, STEHLIK D. Biogas upgrading technologies: State of art review in European region[J]. Chemical
Engineering Transanctions, 2013, 35: 517-522.

[19] MUNOZ R, MEIER L, DIAZ I. A review on the state-of-art of physical/chemical and biological technologies for biogas
upgrading[J]. Reviews in Environmental Science and Bio-Technology, 2015, 14(4): 727-759.

[20] XU Y J, HUANG Y, WU B, et al. Biogas upgrading technologies: Energetic analysis and environmental impact assessment[J].
Chinese Journal of Chemical Engineering, 2015, 23(1): 247-254.

(R Yp 45 s, ARt KA W)

Technical scheme and implementation of national pilot large-scale bio-natrual

gas project in Gaotai county, Gansu province, China

ZHANG Liang'?, FANG Xiang’, WANG Jianrong®, YIN Longtian', CAO Nan’, FANG Sanye*, LI Jianwei',
LI Xiujin"*

1. College of Chemical Engineering, Beijing University of Chemical Technology, Beijing 100029, China

2. Beijing JYLT Ecology &Energy Technology Co.Ltd., Beijing 100029, China

3. Royal Melbourne Institute of Technology, Melbourne VIC 3001, Australia

4. Gaotai Fangzheng Energy-Saving Technology Service Co.Ltd., Zhangye 734304, China

5. Academy of Agricultural Planning and Engineering, Ministry of Agriculture and Rural Affairs , Beijing 100026, China

*Corresponding author, Email: xjli@mail.buct.edu.cn

Abstract The use of agricultural organic waste to produce biogas and bio-natural gas (BNG) is one of the
important technical means to solve the agricultural non-point source pollution problem in China, and the large-
scale BNG project has become the development direction. This paper takes the national pilot project of the
large-scale BNG project in Gaotai county, Gansu province as a research case. Process technologies and
equipment, engineering design features and implementation effects were involved. Biological and chemical
mechanisms of “return slurry + inorganic fertilizer ” for dry straw pretreatment, control factors of high
concentration joint anaerobic fermentation of straw/excrement, and technical advantages of water scrubbing
biogas upgrading in application were analyzed. The engineering design ideas, such as two raw material channels,
integrated process pipe gallery and cold area energy saving, were introduced. Practice showed that the project
was in good running conditions with high system stability. After implementing the profit model of “governance
fee + gas-fertilizer combination”, the project entered a benign operation track, which could provide technical and
engineering references for large-scale BNG industry development in China.

Keywords biogas engineering; bio-natural gas (BNG); crop straw; livestock manure; water scrubbing biogas
upgrading


http://dx.doi.org/10.3969/j.issn.1671-0460.2015.01.010
http://dx.doi.org/10.3969/j.issn.1673-9108.2007.01.033
http://dx.doi.org/10.3787/j.issn.1000-0976.2013.09.025
http://dx.doi.org/10.3969/j.issn.1008-4800.2015.21.084
http://dx.doi.org/10.3969/j.issn.1000-1166.2018.01.007
http://dx.doi.org/10.1007/s11157-015-9379-1
http://dx.doi.org/10.1016/j.cjche.2014.09.048
http://dx.doi.org/10.3969/j.issn.1671-0460.2015.01.010
http://dx.doi.org/10.3969/j.issn.1673-9108.2007.01.033
http://dx.doi.org/10.3787/j.issn.1000-0976.2013.09.025
http://dx.doi.org/10.3969/j.issn.1008-4800.2015.21.084
http://dx.doi.org/10.3969/j.issn.1000-1166.2018.01.007
http://dx.doi.org/10.1007/s11157-015-9379-1
http://dx.doi.org/10.1016/j.cjche.2014.09.048



