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Abstract: This paper analyzed the energy consumption data of a wastewater treatment plant in
Taihu Lake basin in recent ten years by mathematical analysis method, and investigated the effects and
influence degree of water quantity, pollutants and water temperature on energy consumption fluctuation,
respectively. In the past ten years, the energy consumption per volume of wastewater in the plant
fluctuated significantly in the range of 0.15-0.45 kW +h/m’. The analysis of influencing factors indicated
that the energy consumption per volume of wastewater was negatively correlated with the water quantity as
a power function. For every 10% increase in water quantity, the energy consumption per volume of
wastewater was reduced by approximately 12%, showing that there was a scale effect. Among various
pollutants, nitrogen-containing pollutants had the most significant influence on energy consumption

fluctuation. The energy consumption per volume of wastewater was negatively correlated with water
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temperature in the period of large temperature variation. A comprehensive comparison showed that water

quantity had the greatest influence on fluctuation of energy consumption, which could provide a reference

for evaluating the stable operation of wastewater treatment plants.
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Fig.1 Flow chart of a wastewater treatment plant in
Taihu Lake basin
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Tab.1 Influent and effluent quality mg-L™
i H | COD | BOD, | SS TP | TN |NH,-N
BIHHEK| 500 220 | 150 6 50 | 40
Witk <40 <10 <10 <0.3 [<10(12) <3(5)
SERHEIK | 238+121 | 108+55[100+65| 42 | 3249 | 24+7
18.28+ | 3.34+ | 479+ | 0.15+ | 8.10+ | 0.44+
RRCIEN
4.54 0.93 0.78 | 0.08 | 1.98 | 040
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2.1 TSKAbIE] BEFE IR BHFAE
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Tab.2 Literature values of E, for wastewater

treatment plants kW-+h-m™
o H E,
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N 1291 V5 KA 2E )3 e ke 0.32
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Fig.2 Energy consumption change by year
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Fig.3 Influence of water quantity on E,,
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Tab.3 Correlation analysis of E,, and influent

pollutant concentration

" Spearman A ¢ R &L
9 op BOD, | SS | TP | TN |[NH-N
20174F | 0577 | 0.4277 | 0.157 | 0.577" | 0.717" | 0.76™
20184F | 0.41™ | 0.08 0.38™ | 0.30™ | 0.29™ | 0.40™
20194F | 0.17 | 0.117 | 0.20™ | 0.217" | 0.377" | 0.38™"
20204F | 0.12" | 0.06 011" | 0457 | 0.36™ | 0.49™
20214F | 0.36™" | 0.23™ | 0.30™ | 0.59" | 0.65 | 0.60™"
e #EP<0.05,#LEP<0.01, L FE P <0.001,
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Tab.4 Relationship between energy consumption of unit pollutant reduction and pollutant removal

Ek] 201748 2018 4 20194 2020 4 2021 4
con | ¥ '?;32:6&2)7( ';m k '1?233.99); ‘)70'% E=11308X "V (R*=0.94) | E,=37 934X, (R=0.95) | E,=29 160X, (R*=0.96)
BOD, Ef(?;; j;;);z)_m Ez:(‘;;:(%gz)m E,=18 775X, (R*=0.93) | E,=40 242X,°*(R*=0.95) | E,=37 905X, (R*=0.97)
ss Eiﬁjﬁi»‘)—w Ei?gfg ;)8(3)_0'% E,=36 968X, *(R*=0.94) | E,=52 093X,*(R*=0.98) | E,=29 110X,**(R*=0.97)
TP Ef(%;zfoog)z(;fom Ef(?:;;?;% £,=26 689X, (R*=0.92) | E,=23 031X,*(R*=0.91) | E,=19 860X, **( R>=0.96)
™ Esz(ig jg zis)fo‘% Eﬁz(ig :53 ;iﬁ)fo'% E,=32 238X, (R*=0.95) | =29 715X, (R?=0.96) | E,=15 495X, (R*=0.94)
NH,-N Eﬁz(%tfsgim Eéz(‘;ngg;ﬁﬁ)m E=16 603X, (R*=0.88) | E,=35 078X, *(R*=0.98) | E,=14 517X, **(R=0.91)
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Fig.4 Relation between E, and COD removal
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Fig.5 Influence of water temperature on E,
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Tab.5 Spearman correlation analysis of E,, and

water temperature

w Ik 2 THi %
MXAE|  PE [ MXEE] PHE
20214 | -0.80 <0.05 -0.32 <0.05
20204F | -0.62 <0.05 0.002 >0.05
20194F | -0.34 <0.05 -0.69 <0.05
20184F | -0.28 <0.05 0.11 >0.05
20174F | -0.89 <0.05 0.26 <0.05
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Tab.6 Influence degree of energy consumption fluctuation by factors
R 2 N 0.25 43-HifE/0.75 5343 Xﬁﬁjﬂ¥7kﬁ?ﬁ/(kw- AL ES)iEE) ?%‘mﬁﬁ?&iﬂi SN
{H h+m™) FOr% | SEr% | RRE
2021 4F 160 945/167 721 0.291 7/0.287 8 4.210 1.337 0.318
Kt o1 20204 153 248/160 188 0.283 0/0.262 8 4.529 7.138 1.576
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