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Fig.1 Biomass resource island distribution model
and collection process illustration
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Table 1 Straw collection parameters

Parameter Value
Resource density (t/km?) 1357.86
Cultivated area ratio (%) 37.68
Purchase price (¥/t) 80
Other collection cost (¥/m°) 10
Collective collection coefficient 0.6
Volume transportation fee rate (¥/m?) 0.45
Transportation fuel consumption [L/(t-km)] 0.06
Transportation fuel heat value (kJ/L) 36120
Compressed equipment capital (¥) 98000
Compressed equipment depreciation time (a) 15

Note: Data source: the almanac of Shiheng town in Shandong province
and other statistic information from literature and internet.
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Table 2 The cost analysis of straw collection process

Non-compression

Compression

Cost Total collection Collection cost Cost proportion Total collection Collection cost Cost proportion
cost (¥) (¥/t) (%) cost (¥) (¥/t) (%)
Purchase cost 400000 80.0 36.99 400000 80.0 37.52
Transportation cost within 28469 5,60 2.63 28469 5.60 2.67
resource island
Transportation cost from island 375000 75.00 34.68 112500 22.50 10,55
center to processing enterprise
Other cost 277778 55.56 25.69 83333 16.67 7.82
Compression cost - - - 473458 88.37 41.44
Total cost 1081247 216.25 100 1097761 213.23 100
R () AT 50, AERSFT 3 B A 2 1S DL 400 —5
T, WA SIS B b, BRI, B - Ak
XA AR BRSO R T IR G5 B AN [R] 3z i e 29 If E D
FEARARAERT WS AR (1) 5, 25 48 T AT 4R 52 5000 8 3001 v B
G OERERAND 18, 30, 60 100 km BKRAA 5| T N
3 Jn14 — 8 \
b P 5 B (A (LA, 45 SR 2 o, £ 2501 — T
— 2 . v = O L A——— A
FEFF IR40 )5 i wRe S A Siafi = h 200 °/:>= g—— 1
3\%. [§I 2 EIU?;:;%%%EH’ ﬁiﬁﬁﬁ%—j‘] 18 *H 30 km HTJ" Eéf’ LI . | . | . | . |

JEREFF A A i T I S OB AR 1B Han e 2y
“h 60 F1 100 km I}, F& 4 i T3z Hi A A T BRI oA,
S AR A B A s 448 35 T P 338 Il B, (H 2 e
AR FEIR ] 0.6 tm3 LU, WSCHE AN B s 45 2 8 18 Jin A%
Tzt DA, 0B B 3 fa I o R F T T s 4 T A 1 B
IR A

0.2 0.4 0.6 0.8 1.0 | 1.2
p (UM’)
P 2 BT I SO0 WA B AR R 52 )
Fig.2 The effect of compression density on collection cost
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Fig.3 The effect of straw collection amount on collection cost
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Table 3 The energy consumption analysis of straw collection process

Non-compression

Compression

Energy consumption Total energy

consumption (kJ)

Unit energy
consumption (kJ/kg)

Total energy
consumption (kJ)

Unit energy
consumption (kJ/kg)

Island inner transportation

. 1.37x10°
energy consumption
Transportation energy from |sl.and 1.81x10°
center to processing enterprise
Compression energy consumption -
Sum of energy consumption 1.94x10°
Straw energy 8.40x10%°

27.41 1.37x10® 27.41
361.20 5.42x10° 108.36
- 1.43x10° 286.83
388.61 2.11x10° 422.60
1.68x10* 8.40x10"° 1.68x10*
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Fig.4 The effect of straw collection amount on the energy
consumption rate under different transportation distances
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Table 4 The discharge analysis of contaminants caused

by the consumption of transportation fuel
Contaminant Non-compression Compression

CO; (1) 144 50.3
CH, (kg) 7.58 2.65
N,O (kg) 7.58 2.65
VOC (kg) 1.46 051
CO (kg) 5.33 1.86
SOy (kg) 31.47 11.00
NO, (kg) 7.77 272
PMy (kg) 0.78 0.27
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Economic, Energy and Environment Analysis on Biomass Collection Process

XING Ai-hua, LIU Gang, WANG Yao, WEI Fei, JIN Yong

(Beijing Key Laboratory of Green Chemical Reaction Engineering and Technology,

Department of Chemical Engineering, Tsinghua University, Beijing 100084, China)

Abstract: The mathematical models simulating the collection cost, energy consumption and environmental pollution of biomass
collection process have been established based on the island distribution of straw. The effect of straw compression on collection cost,
energy consumption and environmental discharge is discussed for single resource island collection process. The equations for calculating
critical collection amount and critical transportation distance are established. The parameter sensitivity analysis for collection cost and
energy consumption is investigated respectively. The result shows that collection cost of unit mass straw is proportional to transportation
distance and the inverted square root of resource density whether the straw is compressed or not. The collection cost without compression
is proportional to the square root of the collection amount, while it decreases first and then increases as the collection amount increases
for straw transportation following the compression. The sensitivity analysis shows that transportation fee rate, purchase price and
transportation distance are the sensitive parameters for collection cost, which will lead to over +17% fluctuation of collection cost when
these parameters change in £50%. The £20% fluctuation of transportation oil consumption per tonne and kilometer and transportation
distance will lead to £17% change for energy consumption.

Key words: biomass; straw; collection; cost; environment; assessment



