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Embodied energy of wastewater and energy consumption

and saving in its treatment processes
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Abstract: Wastewater treatment is a complex process with high energy consumption and low efficiency.
Different from the traditional concept of wastewater treatment, the pollutants contained of wastewater can
be regarded as energy materials or as the raw materials of other products to be havested to reduce the
energy consumption. The forms of the pollutants’ embodied energy in wastewater were examined by
employing two calculation methods and taking sewage and coking wastewater as examples. Moreover, two
possible path ways for the utilization and maximization of the recovery of embodied energy during the
wastewater treatment were discussed. The different forms of energy consumption and their causes in
wastewater treatment process were analyzed based on thermodynamic laws and quality characteristics of the
wastewater, with reasonable assumptions. The laws of energy transfer and distribution of two specific

cases are expressed by the energy flow diagram. Some possible energy-saving approaches and wastewater
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treatment methods in the future are predicted by comparing different energy saving technologies. Based on

in-depth understanding of the embodied energy in wastewaters, valuable elements such as nutrients

(nitrogen, phosphorus) and heavy metals can be separated and recovered, and water resources can be

reused by combining with related industries and technologies. Therefore, the goal of energy saving can be

achieved by the indirect compensation of energy consumption in the wastewater treatment process.
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Table 1 Calorimetry development of embodied energy of wastewater
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Table 4 Daily quality and energy index of B system of wastewater treatment plant in Shandong province
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HAbg g WS/ (kWhe+d D) $FIHS)/(kWhe+d™ D)

46 588 104 26 139.6 50

9 783.5

4192.9 4654.1 8197.4

T < FAt L FE AR 38 Il T DA TR AR TS Ve L R DL KB FR IR 5 LA LR

T AU HE Tolk 2K b 31y H 17K 53R RE 4 48 A

KT —DHAFHE S THRS .

£S5 WIAFEENLEKLET O/H/O £H AR S B HKEIERMEEEIEIR
Table 5 Daily quality and energy index of O/H/O system of

coking wastewater treatment plant in Hebei province

s 1 COD/(mg+ L™ 1) x5 BERG (KWh - d™1) 2546 CRBER GREER . JBRERE (AT %%
W /(m® «d 1)
K ok t/d ODS/ % BRRG HAbmE %) /(kWh+d D) $FIHZ)/(kWhed D)
4580 3080 196 12.3 45 6 400 2 737 4575 6 025

Ll R R A RT3 TS TR AR L T A U5 U IR R RE DL B R TR A I A MR 2 FE L FF PAML PAC, FeSO, (B &) . NaH:PO, . NaOH,

Na, COs3 4§,

TACSE T KT 35 A0 98

Eyx =62.86 MJ/kg CODX3 080 mg/L.X1 dX
4 580 m®/dX10 *=88.67X10" MJ

Eugx=62.86 MJ/kg CODX196 mg/L.X1 dX
4 580 m®/dX107°=5.64X10" MJ

Eszme =22 MJ/kg ODSX 1 dX12 300 kg/dX
45%=12.18X10" M]J

Ewrzs=7.99 MJ/kWhX2 kWh/m® X1 dX
4 580 m®/dX0.7 =5.12X10" MJ

Exwmuns =7.99 MJ/kWh X2 kWh/m’ X1 dX

4 580 m*/dX0.3=2.19X10" M]

Esx = 0.8 RMB/m® X9, 98 MJ/RMBX1 dX
4 580 m*/d=3.66X10* M]

Ejw =0. 44X (6 400+2 737+4 575) kWh/d X
7.99 MJ/kWh=4. 82X10" MJ]

Emp =0

Egy =0.5 X (Eyx T Emxzs T Expmuens T
Esp +Eqp)=52.23X10" M]J

Evg =Epx T Enxzs T Exgmuns T Egi T
Esp —Ewx —Engsne —Epx =34.41X10" MJ
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Fig. 5 Energy flow comparison of two wastewater treatment plant
2.4 BRESHE
FLEEREFET AT 600 ~90 % MRS FE. H 5 T4
PERERE BACTA G, PRI P EAE ARG 15 K Ak
T 5 1 Y L R X E] R 0. 14~0. 28 kWh/m®, =z i5

Te Ak B REAE iZ I AN E] 0. 19~0. 36 kWh/m®, i H
A% 35 [ (Y e FE B A 4 1 R 0. 295 kWh/m’ L 0. 200
kWh/m’*, IR FF . hES5EE . HAILF L
2. A HTAL B TR AR AT LAk B A B AR BT
AN VERD I8 A8 X5 S S IS R % R
A ZFEHE 2 0.01 kWh/m’; M E L 2 E | H A
AR B R W B BE AL BT XS O A FE
0.002 kWh/m?; 75 &b, B 3& #1875 7K b B 2o 7 vpr j= A=
(4975 U B HE AT IR 480 AE 1k . W6 7K &b B, 2 18 A R
0.1 kWh/m’ , 51 A 15 nl e i i KT, 78
Bl AN e B HL At il B 1 A Cln s D 45 T, 36
E.HAZFER AL H 0,003 kWh/m®, 525 |,
75K kb B BEAE I M 0. 275 kWh/m®, £ 8 3£
[ (0. 085 kWh/m®) A3, 2545 , J& H A< - 2 kb 2 A
(0.18 kWh/m’) iy 1. 53 f5. K. A LE 5 Hris K
b BRI R B AR BE BB, DL R REAE D Y e B K
Wt 2R 5 5 ) 2 RE R v 17 24 390 0 6 Sk 9 32E 4 43 #07
2.4.1 APBAGZLEGRE BIKALWERLT
TS XL HFE, i XUOPL TAE T ok 2 . K38
AR Ay R g A7 XML e AL, ] DL A B AR L
FE. PRI, MRAR G0 FRE R R G 2R W RO T i
(R T SR R . R R I B O B T AR Y
AL B S0 3R G R AE S5 1K ) i 42

P O1/H/O2 TEMBEI ARG G, WEEY

H K HP TG A R AR L A B AR A R A A BIL TS e W O

HALEANME A, EERBAA 3 AL i
UL (7))~ (9)
D& A
Os = [a+ K. » Cop + DO 24%()0 7
ARIATEIATEE= N
Os=La » Ko+ Cen + b (1 — K;) -
(cmL Cex +CSﬂNj+(1+RS+Rd) - 001, %
1.86 ' 4.14 24 000
(8)
3) i L AR
Os = [a « K. » Coop + ¢ (1 — Kyg) -
(e 2 arRD - D01 S
(9

X Ky MR R, K, = (1 — TN./TN,) X
100%;0s N iT A 5 A &, keg/h; Q I #E K i =,
m®/d; Ceon M COD ¥ ,mg/L; Cy+Cen ~Csexn 2351 R
A BFAY R R &, meg/L; DO R it
SAUE smg/Ls TN, TN, 435 9 | K Bk
mg/Lia.b.c K 3 A3 B 0 FE &R B BUE 43 51 ok
1.2~1.5.3.43.4.57; K. i COD £ %R, .R, H
15 V85 AR I B

2.4.2 HAEA V5K E TR AN & R
R EZEIREST R 3 T4 55 1 3 4 2 WAL B PR
TR TR R ) L R RIS KR 2 R S R R AR A
EYRGERTEK AR B/CAE 5 2 30 24
Wykb B 2R G0 oA 0 B S R R 45 A AR AR
K08 IR, [ i 2 o A W) 2R 40 TR A HIL A B i
] pHME TR R 2GR e 5539
14 8 fA A% 5 55 3 0 4 e R Ak S v 8 o g 9% P A
WG S X LA A 40 o fie 114 35 G 0 o A R Kl 3 3 HE ik
(LR . TR, 24 790 48 1 R oA T R 2 R 1Y
SE PR a2 i IR AN BB T T o A K S
KK ER R R ERIKIEF BT RZ . %
Jonnge aek v U BG nT 25 A B g REAE S L, HomOR T
158 A e 5 b B 2% L IR B T RAOK [l o B
FREGBEER BERE . DLW (NaH, PO, £ 2 #1731
B DL R Bk BE R R AE YRR AR R K R B, 3 K
COD 43 500 mg/L.H 4 & K 1 000 m* .B/C K
0.3, #MAEMAKEFEIL C:N:P=100:5:13f
B R ERNA NaH, PO, 4 40. 64 kg,
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K IR T RE RO MR . D7 A B AT S
FRARPPAL L P KR T I R AR E . R
i — RN IG K AR BT Y RE B A e T Bl L S
A0 i A PO TR 5 i M) LS o T e W Y 5 B
i L 28 T K B BT AR Y BE A EAT IR A
3.1.1 ARA AT HEEL RN B ARG RETT
M o M 7 1 2 A e S SR AR L L
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Fe ke F AL SR DL B A R o RE R 09 42K i LA
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A (10)FEik,

Evp + Ewg = Epy + Epx (10)
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HiKk COD 2l 26 mg/L, Al {5 7 64 & B H fE N
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