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Abstract: Under the growing global shortage of fossil energy, bioenergy represented by biomass power and biofuels has
been widely applied. However, its industry scale is hindered by the difficulty in raw material collecting and the economic
feasibility. Industrial symbiosis is a sustainable development way to efficiently use various resources. From the perspective
of industrial symbiosis, taking biomass cogeneration plants, bioethanol plants, anaerobic digestion (AD) plants, bio-oil
refineries and cement plants as collaborative objects, the material and energy flows in biomass resource utilization are
studied under four synergistic modes. Energy efficiency and economy analyses are carried out based on the study. The
results show that the industrial symbiosis system is beneficial to resource reuse in biomass industry and waste reduction. In
a case study, with a biomass straw supply at 13.73 t/h, the plants above could yield 660 L/h bioethanol, 1.01 t/h bio-oil,
275 m’/h biogas and 67.68 t/h cement . Through the reuse of wastes and by-products, the industrial symbiosis system
cogenerated 0.36,2.93,3.47 h or 6.54 MW - h electric power,and 1 365.8,4 548.8,2 883.2 or 29 489.4 M] heat under four
synergistic modes. The energy utilization efficiencies of the system in four synergistic modes differed from that of the plants
in independent operation mode by =2.66%, 11.96%, 4.15% and 9.40%, respectively. The cost of raw material collection
and transportation were saved by around 454 000, 3 692 000,4 372 000 and 82 40 000 Yuan per year, respectively. This

study provides reference data for the synergistic

development of biomass industries.
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Fig.2 Working flow of a cogeneration plant
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Fig. 6 Cement production process
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Fig. 7 Efficiency—load curve of a biomass cogeneration unit
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Fig. 9 Matter and energy flows in synergistic mode 2
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Table 2 Analysis results of material and energy flows in synergistic mode 1
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Table 3 Analysis results of material and energy flows in synergistic mode 2

(L5 RER i Quav P/ (MJ-h) 1 /3/(MW +h)
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324. 00 t IR, VA S 10. 03 t R4 . Horp i 7%
TR FE A IR 7 /N AT 74 24 840. 00 MY A )
F12.300 MW -h A HL 7 o BB 2 e X i 7 oA
/NEE 11,340 MW-h, fit 5 2 4 H 5 /0 #4) h
47 619. 40 MJ/h.,
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Table 4 Analysis results of material and energy flows in synergistic mode 3

B AEVR T Quny Pt/ (MJ-h) H1L/7/(MW +h)
FhiFF 5.18 t/h 14 900.00 MJ/t 19 828.00 5.600
HA(a) 275.00 m*h 17.64 MJ/m? 1 640.60 0.470
TBUb) 7477 m*h 22.40 MJ/m’ 566.40 0.160
A/ SRR 0.58 t/h /2.94 t/h — -133.20 -0.036
F&FF(b) 3.86 t/h 14 900.00 MJ/t -10 800.00 -1.460
i?%g;@ﬁﬁ%%% i (e) 4.69 t/h 14 900.00 MJ/t -20 520.00( FEHIRIH) -0.210
AR/ R Y 2.68 t/h 19 000.00 MJ/t 13 081.30 3.700
W (e) 0.44 t/h 25.30 MJ/kg 2 859.80 —
AR () 0.81 t/h 11.50 MJ/kg 3 150.30 0.900
JH AR — — -9 180.00 -0.855
RN 21013.20 8.270
T 2 77 AR I e A SR A A
=5 MEEK4YREESTER
Table 5 Analysis results of material and energy flows in synergistic mode 4
i fig it it Quny A/ (MJ-h") H1 77/ (MW -h)
T 5.18 t/h 14 900.00 MJ/t 20 677.00 6.000
HA(a) 275.00 m*/h 17.64 MJ/m* 1712.40 0.500
HAUb) 74.77 m*/h 22.40 MJ/m’ 591.20 0.174
FEAE/ IR 0.58 t/h /2.94 t/h — -133.20 -0.036
FiFF(b) 3.86 t/h 14 900.00 MJ/t -10 800.00 -1.460
KW CHP S~ AD S W) FEFF(c) 4.69 t/h 14 900.00 MJ/t —20 52 (i dE ) -0.210
ST YRR K RLR/EREE () 2.68 t/h 19 000.00 MJ/t 13 641.50 3.960
2 () 0.44 t/h 25.30 MJ/kg 2982.30 —
A U(e) 0.81 t/h 11.50 MJ/kg 3288.20 0.965
R AR TU(d) 102.20 t/h — 24 840.00 2.300
AR A 7.445 t/h /81.90 t/h 29.30 MJ/kg — —
JHA M — -9 180.00 -0.855
Bt 47 619.40 11.340
3.2 BEMANER 439 R 45. 87%, 18. 94%, 70. 72% F1 11.95%., AD
TEREROH AL B AR F ORI R R, i T IO RS T R B R W) i AR e
Al mpRes . AW CHP T AW Ol Y oo R

WORTHR T UK YT e b Az A7 i A BE 1A AR

4 Tl B RIS AN A B S AT I e
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Fig. 12 Energy efficiency results
3.3 ZFUESHER

AR A AR ZR 38 Ao AR b R S A 7 DA
AR AR SR . b, DR ETR IR
AR R LR R R RO
TR, Cead A0 L ) FIUAL RS B A . DA sk 2D
T B A

2P S, 10 MW 22 47 U () S AL BE A 16
Wk AR AT IH S ol 247 o, 82 H
k63 T3 70, A Z AL 3 N 80 J1 Ut Kiz B AR Ny
409 J1 70, FEFF R Ay 258 T (LG IEE sk
FTRAL DL AR S 2 28 AR o 1A 2 &
BAN 0. 48 70/ (kW -h) o Her WUAR iz i FIAH DG 22
20 NI AR A 4 0. 21 98/ (KW -h) o BRI
oAz Tl 4E4E 547 6 000 h, 4 Ff iy [A) 455 2K 20 1) AT 45
Y JERL A Ny 45. 4,369. 2,437.2,824. 0 J1 UG,

4 it

ABFFEAE Tl AT, X7l 2Z (8] 4 FfoR
] ) B RIS SR AT T 0 0 B U 20 BT, IR S T AR
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FFAERL o0 13. 73 th, A9 L 7= 5 R 660 L, A=
Yyl 7= &N 1,01 th, AD 1978 K77 & N 275,00

m’/h, ZKYET= o 67. 68 vh FUFTHE T , 38 1 B 4 Al
77 i WA 4 R R AL R BN S S A
47 0.360,2.930,3. 470, 6. 540 MW - h fit H1, 7 A A%
1 365. 80,4 548. 80,2 883. 20 F129 489. 40 MJ ) #4
J1o AR ARG TT T BE A HACR LA T 5
iz A7 i B A4 T 2. 66%, 11.96% , 4. 15% Fil
9. 40% . 38 3=k 0 H A T P AR i, A AT 4 )
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