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Fig.1 Systemic flow diagram of vehicle biogas plant
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2.1 FRERESH
D REERTFERTEARN
0,=C,-G,t,~t)/(1-n,) (D
R O NREEBFER, MId: C; NREER L,
kl/(kg:'C); G, NRBEMREGE, kehs 1, NRKBERA
B, Cs ¢ AREEBPIE, Cs gy MR IRITFE R
Bk, BUE 20%" R
b o it AR N
C,=837+3349(1-T) 2
o T MR RS R &
2) ML TR ARy

BRI, Qp N UHERDUR, 0 NWE AL,
FAT A MI/d; R .

3) EERGERL T AR A RN

0.=(G,-h+G,-h,—G,-h,=G,-h)/(1-n.) (4
A Q¢ NIRRT 3 MI/d; G R NS &
Wi, MVd; Gy NEEANBERE, MI/d; Gy NHIRISEE 2L
WRE, MI/d; Gy NEETIARE, MI/d;s hy AT
RS, KI/kg: hy NEEANEELKS, KI/kg: hy TR
WSS LS, Ki/kgs by NIETRASECKE, kikeg: . AR
R ABR, B 20%; R

4) RGBT HRIIEARXA

0 =0,+0,+0. (5)

Kb O, RGEFIME, MI/d; FIE.

0,=0, +0, +0, +0 3 . _ .
St Bt WHEERNE 1 Pox, HpEsA AR/ A RS
A Op NIRRT, O NWRBFHEIR, 0p JVKIT  pa sty 51y 7.85%10° Al 6.48x10° MI/d.
"1 RETH
Table 1 Heat requirement of system
AL ik I IR A
Heat requirement stage Heat requirement Biogas consumption/ Heat requirement traits
4 g load/(MI-d™) (m*d") q
R IR 4.62x10* (R4 A) 2 145(54 H) N IREAA T, MIESPgYE. %, BI2fny: A FRER A
Warming of biogas slurry 3.47x10° (R ) 1 609(H ) B A L A T i A 1)
Sk Heat loss 9.24x10° (A H) 4294 H) TR CRIRAE . ek NRECAR (AR FR S B I K RS T ROk N TR A, T R
Rk 6.93x10°(R ) 322(BA) TOBR A T )
5% Decarburization 2.30x10* 1070 WiBR T A ORI, HRR T, TR RS IR0
TR HIEA B RER %~36.44%, TR 1 UL R TR e A 7 A A
648510 (B4 1) 3001084 1) RS HVHSRTEBEN 30.01%~36.44%, A iR R BT G B T

ST Total heat requirement

7.85x10* (e H) 3 644(FAH)

) 64.35%~70.64%, 45F 5 ERIINAT AL KTl KBS TR 5 —
B, NGRS RN 17%~30%21,

E: EARMEN 21.54 MU,
Note: The heat value of biogas is 21.54 MJ.

2.2 FHREEDH
2.2.1 HRFRGA AT
KPR EEE BEIERICKRE .. KIS

Je HARME . R, MEMAPE NS, REGANKIES
TR RnER 2,

R2 RERK
Table2 Waste heat of system

AR i

A

R ARAEF R

Waste heat source Medium Temperature of waste heat/C Flow of waste heat/(m3-h'l) Waste heat traits
TR Bas 08 643 AR AE B T RIE TG H 0, RS
Stripper top gas " WarE, IR, AW
¥ e TR I TS Rl 1, 208 et i i
Poor liquid R 120/69 8.9 [, ARESHAE, AR, PSR
FEAEHL WK 40 27 B HUKRRE TR B T EGENHEAEIK, #R
Compressor ' Fasg, ML, ARy
VA A 55 13 VBRI A T HERENE RS TE, AT
Biogas slurry wrE, AIEROE, WALE, RIRIRAT
PR W 130 625 P RARPT AT RPN, PERRE, K
ot

Boiler exhaust gas

S

T BT S IRAE S TRERIZAT 14 h, AEERCRERS 3 bt 1 hok), IR RIR 0 24 h IBAT .

Note: Decarburization unit and compression unit run 14 h per day, biogas slurry is pumped for 1 h every 3 h, warming and heat insulation unit runs 24 h per day.

2.2.2 AMBHBF B ITE
bR GB/T 1028-2000 &1, A48 /1 it 555 M
0,=C, -Gt ~t) (6)
X O, ANTRMAIIET, kId;s C, AN,
kI/(kg-"C): G, N BB B A, kg/ds ¢, A5 IRITRIE
C; t}'j‘jFBE/ﬁ}g, C; TH.
RSP HITE

0,=0+0,+0,+0, +0; &P
X O, HERIETT, O) WEETIRI, 0, NTTBARFA,
O NIRZENLARI, 08 NIRRT, Os NE PRI, AL
)2h kI/ds
RITREE IR N
n,=0,/0, (8)
P g, WRBTTRE 11, b y=1, 2, 3...n, n AR
RGBT EL R WE 3 Fios.
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Table 3 Calculation result of waste heat potential

b B3R RE NF=N H BN
AR i TR N BE BN
Waste heat source T tre/C L 1 ture/C Specific heat capacity/ Densﬁg/ Flow/ Waste heat
emperature owest temperature, (kJ(kg C ).1) (kgm' ) (mzhl) quantity/(MJ-d'l)
PETH/S, Stripper top gas 98 6024 12,1124 1 643 4.14x10*
ZX ¥k Poor liquid 69 40 3202324 1000 8.9 1.15x10*
1584 ) 3.97x10°(R4 )
<4 40 . 42 1000 2.7 il
FRATBL Compressor 25(B ) 2.38x10°(a )
I 154 A) 12 3.67x10°(A H)
i B 1 55 . 4.02 1000 38 o
A% Biogas slurry 25(FH) 2.75x10%(HRe )
47 2 "< Boiler exhaust gas 180 602! 1.121% 12 625 2.42x10°

HEASRAHMRERABRIE T 0, 7iHlH
5.87x10* F1 4.79x10* MJ/d.

HARMATREE M A, fERA AR/, &4
e RATREIE ST 0, 225N 74.81%. 73.92%; ST AT
REW 11 i 220 5.27%. 6.39%; TR INTEE ST 0,
AN 14.65% 17.75%;: JRAENLATEEIE ST ns 205N
3.08%- 3.67%; JRMARINTREE 1 ny 730N 46.75%
42.44%; BRI RINTREE J1 ns 0N 5.06% 3.73%. 5
A RS e 2 R

a. A ARPATREE I
a. Ratio of energy-saving potential of waste heat in coldest month

b, B RITREE T 4t
b. Ratio of energy-saving potential of waste heat in hottest month

B2 RAFEEA LK
Fig.2 Ratio of energy-saving potential of waste heat

HIFE 2 AP, IRBRATREIE I ROR,  E AR
50%UA L, NIEE REEI, [RIGR RS2 B A AR HOR Al
R, B RERYTRBR AT RE AT 1L 70%, 46
N T TR AR B E AT AT AT RS ST AR AR
HERIAE 20% 547, RIMEBOR . BRI, Tk
B HACRI . R URE IR b EE BB,

BEHIZN T RG K0, AEHKSERPRESRAFHEAR
BB, HARPE — 2 B . bt TR2E5K
fli 677 100 J5 t CO, MBERIERR R AT REE T,
5 W LR B TR &R B 7.42x10° AN
5.58x10°MJI/d, FFoir 7 HFIHRE, FHREHRELLIE
IR TR E A A (T AR AR B BE 2 A E, B TR
T 38 I o 2R A A i B R R B B
Kostowsk 8 THEIGHIE 1 [BIUCEE FH A P8R S0 = st i 4
LR IR I RTAT I, IR0 R R AR H BT,
a8 T RS RRaE MR, Lee Xt L0 T A BER &
PR PR, 25 R R A R AR AR b ] UE
TRERREI50~60 C, L@ RS AR b AR 5 7.04% %0,
RGRINTREE J1HKNEITF RN IBIBR ST AR
PSETR RS EAEVLR SRR
2.3 FAFMFAMSHEREINY
2.3.1 RHBITHHME

1D BT AR

BTSRRI R FEE N CO, KRR, BAIHR
PE, RN 98 C, RIATRENE 1N 5.27%~6.39%, &R
PP TS T O, J& TR, 98 CEETA RS
R, 5K/ FHRILE, RFBERNE—B,
TR SR R ST TSR, ARG, R
FARFIRAEA BRI, BRI RS T AFERE S,
FEE VR FH e A28 I AR IR & R BRI IR A = 28 VR R
TRGHS.

2) TR

TR TN RS, BAA S, RN
69 'C, RAATREIE TN 14.65%~17.75%, EZRH LT
E BRI H O, J& TR, 69 CrR AT
FRIMBIRIEE R, 5RGILE, RHBERMER S,
TR R . T30, IR BB R AR
WFIRIREAR, FERANIRESME T, @ UChH
AR AR B R & W -

3) IEGHLA HIK A B

JEAEHLA EZK R A TR EIK, RN 40 °C,
SHHATREIE 17 3.67%~5.06%, ZRPGETFIEGN RS
Ky, JBT KT, 40 CHIAEHKE RAETHFHAILR,
RIAE —E EWCE, TR — M. AL A
IR, BREAR, EEERK, UGN A MRIRA =
HERR B A I HOUK
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4) B A

BRI TOREW, BB R, BN 55 C,
BPATRETE J1 N 42.44%~46.75%, %A AT B
SR, BT AR, 5 AICE TR IR B,
ESCE R, AR R R . JBTRA R #o
Pk AR AR AT AU, W $ R 2% BRI I VI
TR B -

5) FlRA R

BRI R I TN, B 551, IR 180 °C,
SHHATREE SN 3.08%~3.73%, AP A THPHER
M, BT AR, afHRInAER, R#E 2Rk
E, AR E . SRR RMEE R RAFIH
FEAR S, TR R ARG A IR R #h
%, BREIRGTN, @ E B A AR
HOKEHT 25:.

2.3.2 RIS A RPN AIEIX

ARG AT R v R R R AR R VP, PR R
PRAFE: RPN, RIGEE, RAEE, PEIFATH
KA, 55 RS T RILE.

AR ERIFER A R 1) RPN FUE BT
e TRl BRI, AN RIEERN K7
2) RAEERE &S TERERE, KTEIEE RN “—7,
TR EN K7 3) RBFERE KT BRI
10%, /NFR “—7, KTHN “K” 5 4) KIGF4T
FAAT N “—7, PAETERmBATAN “Kh7; 5) 5FH
AILEEN “—7 , SFERICHA “Kh 7 . KRGS
AR R IE 5 AN FRPRIGSFEE % ” HoE .

ME 4 Fin, RERMATFI MRS, B EE
Ko RGRMFHE A 3.

x4 FRAAFAETFN

Table 4 Availability evaluation of waste heat

} i ; Kty 2 T B 5ER il FHME SR
ARIKIR IR RIS i Ak O Wh:h;i ﬂr;iatch@e?akleat ﬁj\ljji?;i}ilt !
Waste heat source Medium and its trait ~ Temperature Quantity  Middle/Extremity link . tity
requirement evaluation
ETIS Stripper top gas — * — * * &k
X Poor liquid — * * — * %k k
JE4HL Compressor * — — * — * &
VHI Biogas slurry — — * * * 0. 8. 0. ¢
#471 F2/<. Boiler exhaust gas — * — * * sk k
SR #A Total waste heat 2.8, 8¢
e k7 REMF, 7 KRS BEREN R, WHEAXS, =ZBEALRE, PBEAR K, —BEARK.
Note: “¥k” represent advantage, “— represent disadvantage, five stars represent extremely high, four stars represent high, three stars represent relatively high, two stars

represent common, one star represents low.

B3 sHASEFAERE
Fig.3 Potential utilization pathway of waste heat
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Abstract: Vehicle biogas, the product deriving from the organic waste anaerobic digestion accompanying with the purification
and compression process, has the advantages of higher energy efficiency, environmentally friendliness, sustainability, and so
on. The vehicle biogas plant has aroused attention from all walks of life and owned a broad prospect, because it can not only
dispose organic waste, but also produce clean vehicle biogas. However, there were still several problems in its operation
process, such as high operating costs, high energy consumption and low utilization rate of waste heat. In order to solve these
problems, this paper establishes a model of vehicle biogas plant which produces 10 000 m’ biogas daily. We firstly introduce
the general situation of this model and calculate the potential of waste heat. What’s more, the availability of waste heat is
evaluated. Finally, combined with the requirement of heat, the suggestion of the waste heat utilization is put forward. Results
of analysis show that this plant needs a lot of thermal energy, approximately accounting for 30.01%-36.44% of biogas energy.
Moreover, merely recycling a part of the CO,-poor MEA liquid waste heat after decarburization results in low utilization rate
of waste heat. It also reveals that the main parts of the waste heat in the system are made up of 5 types, i.e. waste heat from
stripper top gas for decarburization, CO,-poor MEA liquid waste heat after decarburization, waste heat of cooling water from
compressor, waste heat in biogas slurry and waste heat of boiler exhaust gas. Besides, the low-grade waste heat has the
characteristics of enormous quantity and stabilization. The main parts of heat required include the heat of the fermentation
liquid, the heat of maintaining high-temperature anaerobic digestion and the heat of decarburization. The calculation of
requirement of heat shows that the quantity of total heat required is 7.85x10* MJ/d in the coldest month, and 6.48x10* MJ/d in
the hottest month. The calculation of waste heat indicates that the potential of total waste heat is respectively 5.87x10* MJ/d in
the coldest month, and 4.79x10* MJ/d in the hottest month. The corresponding maximum energy-saving rate is 74.81% and
73.92%, respectively. The energy-saving potential of each part of waste heat in descending order of quantity is: waste heat of
biogas slurry > waste heat of CO,-poor MEA liquid after decarburization > waste heat of stripper top gas for decarburization >
waste heat of cooling water from compressor > waste heat of boiler exhaust gas. Additionally, the analysis of waste heat
proves that waste heat from this project can be more effectively utilized and preferably collected. Based on the analysis above,
we propose some suggestions about the utilization of waste heat: 1) It is recommended that the waste heat of stripper top gas is
collected to drive heat pump rather than cycle in system. 2) Waste heat of CO,-poor MEA liquid can be used to warm the
low-temperature CO,-rich MEA liquid via the heat exchanger. 3) We recommend the waste heat of compressor cooling water
is adopted to produce hot water by the heat pump, which will be regarded as domestic hot water or heating hot water. 4) Waste
heat of biogas slurry can be used to heat low-temperature fermentation liquid by heat exchanger. 5) Waste heat of boiler
exhaust gas can produce stream by heat exchanger, which is applied into system itself.

Keywords: gas; thermal energy; biomass; analysis of waste heat; calculation of waste heat; potential of energy-saving



