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Abstract: The common treatment equipment includes cyanobacteria magnetic capture vessels, pressurized cyanobacterial
control vessels, submersible pressure cyanobacteria controllers and combined cyanobacteria water separation devices. The
application of equipment may cause impacts on the environment. It is necessary to identify the impacts of typical treatment
equipment. Based on the life cycle assessment ( LCA) method, this study selected typical cyanobacterial treatment equipment
as the evaluation object, analyzed its environmental impacts in the production and operation stages, and screened out the main
stages and the main influencing factors leading to environmental load. The results showed that the total environmental loads of
the four devices were in an order of submersible pressure cyanobacteria controller < cyanobacteria water separation device
<pressurized cyanobacterial control vessel<cyanobacteria magnetic capture vessel; the environmental loads generated by the
cyanobacteria magnetic capture vessels, pressurized cyanobacterial control vessels and the combined cyanobacteria water
separation devices during the operation stage were relatively large, accounting for 99. 8%, 96. 6% and 99. 7% of the total load
respectively. The environmental impact of the submersible pressure cyanobacteria controllers mainly occurred in the production
stage of equipment, accounting for 47. 6% of the total load. The high environmental load of the pressurized cyanobacterial

control vessels and cyanobacteria magnetic capture vessels in the operation stage of equipment came from the pollutants
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generated by fuel consumption; the electric power consumption was the main factor causing high environmental load of

combined cyanobacteria water separation device in the operation stage; steel consumption was the main environmental factor in

the production stage of the submersible pressure cyanobacteria controllers. In general, submersible pressure cyanobacteria

controllers is the trend of cyanobacterial treatment equipment in the future, due to their higher environmental benefits, smaller

space occupation and higher effluent quality.

Keywords: life cycle assessment; cyanobacteria treatment; equipment evaluation; environmental impact
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Table 1 Parameter list of cyanobacteria magnetic capture vessels

YiH W/ 59 Ko W/ 59 B Ui YaEE 3] B

BB WA B 2.85x10 kg HH A 2.05%10™* kg HF 1.42x10% kg
%k 1.33x10 ™ kg B L0 2.28x10"* kg HNO, 1.57x1077 kg
17 7.61x10° kg K 3.27x10 % kg HCl 1.42x107" kg
AR AL%E 4.34x10" kg M 2.14x10 kg NaOH 2.85x107" kg
% 2.1x10 " kg LWl 5.34x10°kW-h POCI; 9.40x10™" kg
KA 3.14x10 7 kg M 1.75%1077 kg N, 1.56x107° kg
o, 1.28x107 kg WA 2.65%10 kg 0, 1.71x1077 kg
SR (HEA 1.2 mm) 6.54x10"°kg  HCI 2.42x10"" kg NH; 8.69x10™ " kg
B A 5.33x10 kg NaOH 8.55x10 ¥ kg

i Bk 3.99x10 kg Cu0 4.18x10"* kg NO, 2.85x10 kg

FE R 1 579 5.79x10 kg €O, 7.31x10 kg ORI K 1.31x10* kg
=% 5.71x10° kg CO 2.89x10 * kg CoD 8.55x10 kg
voc 5.22x10 "% kg WEAMED 1.71x10 % kg 2N 3.09%10° kg
CeH 50 3.80x10 kg AEMY 1.70x10 ™ kg BHHER 7.85x107° kg
TBT 4.18x10% kg S0, 2.02x10 kg it 9.08x107" kg

BB WA R 7.20x10 7 kg BEHEERT K 1.00x10™* kg i} 4.35%107" kW+h
i A T 1.00x10 % kg WAL 1.00x10 ™" kg

Wi EA R 2.51x10" ' kg Wi 7.40x107% kg N,0 1.15x10 7 kg

K 6.39x10 kg SO, 4.86x107 kg NMVOC (3E 548 R A LY ) 2.22x10"* kg
Rty 1.38 kg o, 7.35%10 " kg S0, 3.53x10 kg
OB K 1.07 kg co 3.54x10 kg PM 5.03x10"* kg
CH, 4.32x10"°kg ~ NO, 3.14x10 * kg
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Table 2 Parameter list of pressurized cyanobacterial control vessels

SgE| Vg VELE X7 o R/ T ) o Vg VELE X7 bt
A B B LTTPN I 2.74%107° kg ik 8.30x107° kg Fit o 2.19%107* kg
T 4R 1.52x107° kg e 4% 6.24x1077 kg K 3.15%107% kg
r 8.15x107° kg By 5.12x107° kg LW} 6.43x107* kg
IR 2% 4.64x1077 kg YA 1.97x107* kg i 3.41x107" kg
J/ich2 2.90x107° L ARA 3.01x107° kg P 2.06x107° kg
J2z (HA%Z 1.2 mm) 5.46x107° kg
i th EGIES 7.92x107% kg €O, 6.16x107° kg K i 7K 1.58x107° kg
R 6.60%107° kg NO, 2.74%107° kg L ¥EN-2 3.72x107* kg
TBT 5.81x107" kg mEEY 2.06%107° kg TR 9.45%x107° kg
Cu0 5.81x1077 kg AE Y 2.04x107° kg Pabicd 1.09%107° kg
voc 7.25%107" kg S0, 8. 44x107° kg gy 3.84x107° kg
co 3.26%x107* kg CoD 8.22x107° kg E TR TE S 8.37x107° kg
BT B LIDN i)} 3.87x107" kW-h ¥kl 4.83x107% kg UK 1.00 m*
i 50, 4.31x107% kg Co 3.14x107% kg BRIt 1.23 kg
Co, 5.52x107" kg NMVOC 1.49%x107* kg K i 7K 9.50x107" kg
CH, 2.90%107° kg S0, 2.37%107° kg &N 2.24x107" kg
N,0 7.73x107° kg PM 3.38%x107* kg K 5.69%107% kg
NO, 2.11x107% kg wEMEY 1.24x107° kg Pabicd 6.58%x107" kg
3 REABERESRPEFTE
Table 3 Parameter list of submersible pressure cyanobacterial controllers
i H BRUR/ T ) Bk g VaLE X7 Bt R/ T5 Y ) Bt
R B A R 8.01x107* kg 7K 4.92x107% kg fig | + 3.17x107° kg
A 3.08x107° kg P 3.21x107* kg T 2.54x107° kg
fRA 4.71x107* kg HHE 3.17%107° kg St oz 3.81x107% kg
it 3.43%x107° kg R 3.51x107° kg LW} Bk
iy €O, 8.00x107° kg NO, 1.02x1077 kg b 4.44x1077 kg
co 3.17x107° kg 50, 1.59%x1077 kg EikENGEr) 6.44x107° kg
CoD 9.51x107% kg
BT B A LW} 1.74x107* kW-h  HUBREM 6.34x107" kg JREEK 1.00 m*
iy co 1.41x107° kg A5 5.53%107* kg EA RH 1.01x107* kg
€O, 1.10x107* kg 50, 1.91x107° kg oy K 2.56x107° kg
mEEw 5.57x107° kg T K 4.27x107* kg PRI 2.96x107° kg
T4 HAEXNBAKIBLEEHES
Table 4 Parameter list of combined cyanobacteria water separation devices
BH BEU/ 5 ) K B/ 5 e Bt BTG Y ) Kot
H 7 B B A L S 9.86x107° kg ray el 4.37x107° kg ¥ 3.80x107" kg
REE+ 2.92x107° kg Bt 3.18%107° kg K B 5.30x107% kg
N7 3.97x107° kg KU 1.29%107° kg i 5.84x107* kW+h
B 7.42x107° kg wF 1.84x107" kg gL 3 2.98x107° kg
[TROe) 2.86x107° kg
iy coD 1.23x1077 kg CO, 6.19x107* kg NO, 3.97x10°% kg
| EEINE 3.38x107* kg mELEY 1.87x107° kg UL/ 1.43x107° kg
o I 8.58x107° kg BN 1.86x107° kg bragany 7.28%107° kg
co 5.13x107° kg S0, 6.48%x107° kg i 9.93x107° kg
#5752 740 8.25x107° kg
BT B A ZEER 1.00x10™* kg K 9.13x107° m’ HiL fiE 7.42x107" kg
BhEEH 1.00x10™* kg
iy co 6.01x107% kg mEL &Y 2.37x107% kg OB K 1.82x10° kg
€O, 4.68x107" kg ARy 2.36x10° kg ¥ 4.29%107" kg
LIS 1.26x1072 kg S0, 8.16x107% kg LR Y/ 1.09x107" kg
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Table 5 Characterization result of cyanobacteria treatment equipment
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A B EAT BB AP B B BT B B A B B EAT B B A B AT B B
GWP/(CO,-eq. ) 2.17x107" 1.21x10° 1.96x107>  5.54x107"  2.34x107*  2.94x107*  5.10x10°° 4.38%x107"
AP/ (kg SO,-eq. ) 2.11x1072 7.83x1072  7.90x107*  5.41x107  2.44x107°  2.37x107°  3.01x107 6.79%1072
EP/(PO} -eq.) 1.68x107* 3.79x107°  5.32x107%  2.43x107™*  6.94x107*  5.38x10™°  1.90x107° 1.11x107*
ODP/(R1l-eq.) 8.85x107"  3.00x107"°  2.00x107"7  1.99x107°  2.98x107"*  1.04x107'*  6.59x107*  8.78x107"
ADP/ (kg Sb-eq. ) 7.08x107" 4.22x10° 1.00x10™"  9.70x1072 1.79x107° 1.84x107°  7.03x107° 8.04x107*
POCP/ (kg Ethene-eq. ) 3.90x107* 1.95x107°  1.00x10™°  4.51x10°° 1.97x1077 1.37x107%  6.92x107* 8.20x107°
FAETP/(DCB-eq. ) 3.56x107* 5.79x10° 1.00x10' 5.16x10° 4.59x107° 1.82x107%  3.43x107? 5.06%x10°
HTP/(DCB-eq. ) 1.03x107* 1.17x10° 1.00x10" 1.04x10° 2.60x107*  9.00x107°  2.62x107? 4.18x10"
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Figure 2 Characteristic value of environmental impacts at different stages
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Table 6 Standardized values of environmental impact of cyanobacteria treatment equipment
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