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Environmental impact evaluation of straw pyrolytic
poly-generation system

WANG Hongyan', WANG Yajing?, Bl Yuyun’, MO Jixian*, GAO Chunyu**
(1. Institute of Agricultural Information, Chinese Academy of Agricultural Sciences, Beijing 100081, China;

2. Institute of Agricultural Resources and Regional Planning. Chinese Academy of Agricultural Sciences. Beijing 100081, China)

Abstract In order to quantitatively evaluate the environmental impact of straw pyrolytic poly-generation project, life
cycle assessment (LCA) is referenced to build an integrated LCA framework. The material and energy inputs of
construction unit and their environmental emissions are included in the system boundary. The environment performance of
straw pyrolytic poly-generation system with annual straw processing capacity of 1.0 X 10* tons is calculated in this
study. The results show that the total global environmental impact load of processing 1.0 X 10* tons of crop straw by
straw pyrolytic poly-generation system is 175.53 PE (person equivalent) . The environmental impacts of construction
unit, operation unit and product utilization unit account for 18. 10% ., 78. 75% and 3. 15% , respectively. The
environmental impact of steel and PVC pipe accounts for 93.49% of the construction unit. The environmental impact of
electricity consumption accounts for 93. 86 % of the operation unit. From the perspective of resource substitution for
coal, pesticide and fertilizer, the system environmental impact load is —496.86 PE. The straw pyrolytic poly-generation
project decreases the environment emission and shows good environment impact. It is necessary to reduce electricity
consumption and use low-carbon and environmentally-friendly building materials in straw pyrolytic poly-generation
system in the future.
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Fig. 2 LCA framework of straw pyrolytic poly-generation system
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N 30% , L3 /m’
:5) ; 3000 t, 6076
o 28 MJ/kg; 3 200 t, 500 t,
3.1.1
:D
N 1 000 m*, 1 000 m?*, 1 500 m*,
400 m*, 178 t, @ 1 000 m*,
s { 1500 m*, 500 m?*, 400 m’,
2 » 460 m, @ 50 km, s
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2 000 m’ ) 248 t, , 1,
1 *
Table 1 Main construction materials of straw pyrolytic poly-generation system for life time
/t /t /t / /t /t
Item Steel PVC Cement Brick Pebble Sand
Value 426 124 415 19.48 853 674
* § 2 Y(Q/WGLY 010—
2016) 119

Polygeneration Part 2 Construction and Acceptance (Q/WGLY 010—2016)197,

Note:Data is calculated based on investigation and Technical Code of Biomass Pyrolytic for Carbon Oil and Gas
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2
Table 2 The harvest patterns of crop and the parameters for straw collection
Wheat Corn Rice
Ttem Harvested Harvested Harvested Harvested Harvested Harvested Rape  Cotton Reference
by machine by hand by machine by hand by machine by hand
/X 10" hm® 2.27 0.15 2.45 1.23 2.63 0. 39 0.15 0.33 [20]
Area
0. 68
1. 30 1. 10 2.70 5. 00 [23]
Straw-grain ratio 1. 00
0.61 0. 83 0. 86 0. 90 0.74 0. 88 0. 64 0. 86 [23]
Collective coefficient
(D B 3.1.4
13.68 km,
2 D o
R= |- M D }
of1f2fsm 60 %2 45%024,
:R ’ 9km§P’ .
471,27 t/hm?*; f , 2. 80X10° m’, 2 360 t (
14.2% 5 f5 20,735 f4 s . ).
0. 35" ; M, .10 000 t, 2) . ,
0.05 L/(t « k)™, ,
. 18%.,
2.48X10° MJ/ . 45. 03 %%, .
2) o N
. S N,O  CH,
2.50X10° kWh/ s
3.1.3 [30-32] )
. 191. 7 kg/hm*,
, 51.9 kg/hm?* 21. 8 kg/hm?,
’ 10 t/hmz
0.05 L/(t* km), 15 km, 10% o 300 hm* .
16.5 L/hm?t"!, 5751 kg. 1557 kg 654 kg,
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A JE I B W T E BT
Phase of life cycle Inventory Impact type
— co A
uman toxieit
TR PM,, Y
»|  Construction unit  [— HC
T FFR AR NO SR Aerosol
ZW RS , ¥ B
Straw IEA T SR 50, AL AR
> Operation unit — Environment (= Photochemical smog
pyrolytic pe —al emissions SO,
poly—gener co AL,
—ation 2 Acidification
CH
e > A [ : LR
Product utilization unit N,0 Global warming
— HS
3
Fig. 3 Inventory classification of straw pyrolytic poly-generation system

Table 5

5

Standardization criteria and weight factor of environmental impact

Impact classification

Effect factor

Equivalent value

Standardization criteria

@

Weight factor

CO, 1
CH, 28 8 700 kg
) 0. 208
Global warming N,O 265 CO,
CcO 2
SO, 1. 00
SOx 2.00 36 kg
e . 0.138
Acidification NOx 0.70 SO,
H.S 1.88
G, H, 1. 000
25 kg
HC 0.416 0.158
Photochemical smog C, H,
CH, 0.007
PM10 1 18 kg 0.148
Aerosol
CO 0.012
6.11 kg
NOx 0. 780 0. 348
Human toxicity 1,4-
SOx 1. 200
0] [39] [42]. @ [44],

Note;(DData were adapted from literature [39] and [427]. @Data were adapted from literature [44].
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6
Table 6 Life cycle environmental impact of straw pyrolysis system for one functional unit JCoe )
Environmental Global Photochemical Human
) Item ) Acidification Aerosol o Total
immpact warming smog toxicity
6.97 2.99 0.15 1. 36 20. 29 31.76
Construction unit
7.30 14.05 0.03 41.61 75.23 138. 22
System Operation unit
environmental 0.63 0.29 0.00 0.12 4.51 5.55
impact Product utilization unit
14.90 17. 33 0.18 43.09 100. 03 175.53
Subtotal
—13.59 —453. 88 —0.52 —2.61 —183.90 —654.50
Coal reduction
—1.58 —0.94 0. 00 —0.20 —7.80 —10.52
Environmental Fertilizer reduction
impact caused —1.54 —0.73 —0.01 —0.06 —5.03 —7.37
by resource Pesticide reduction
reduction
—16.71 —455. 55 —0.53 —2.87 —196.73 —672.39
Subtotal
) . . —1.82 —438. 22 —0.35 40. 22 —96.70 —496. 86
Comprehensive environmental impact
5.3 o
, 2)
, s PVC ,
. 93.49%,
CO, . 0
CO, A 3)
s LCA
[48]
AY Y b
, e , ,
6
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