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Abstract

I Iran, little attention has been paied to the nexus of energy and carbon footprint in wastewater
treatment plants. The main goal of the current research is to investigate this issue in a municipal
wastewater treatment plant with a conventional activated sludge (conventional). While studying the
quantity and quality of wastewater, direct and indirect emissions were calculated based on the operation
of the treatment plant and the amount of electricity consumption using emission coefficients. An average
of 6,192,000 m® of wastewater is treated annually in this treatment plant. The average BODs and COD
removed are 274.6 and 467.9 mg/L, respectively. On average, 0.3623 + 0.081 kWh/m® of energy is
consumed for treated wastewater, which is equivalent to 2241.5 MWh per year. As much as 94.6% of
energy is consumed by pumps and surface aerators. Considering BOD removed, the direct greenhouse gas
emissions are on average 2338.2 tCOxeyeqr and the indirect emissions due to electricity consumption are
2603 to 4665 tCOseear. Old design and lack of up-to-date equipment are factors that increase energy
consumption and carbon footprint emission. The low tariff of electricity in the wastewater treatment plant
(agricultural tariff) has made the issue of saving energy consumption less of a priority. It is necessary to
pay attention to the reduction of electricity consumption, especially in the reactive mode, with the
necessary modifications. It seems essential to conduct an energy audit in the existing treatment plants and
pay attention to the nexus between energy and carbon footprint.
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Table 1. Statistical analysis of wastewater quality parameters during the last three years
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Fig. 1. Variation of flow of wastewater treatment plant
in spring and summer
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Table 2. Types of energy consumption in different units of the Miyaneh wastewater treatment plant

Row Unit Number Electrical power (kW) Total electrical power (kW)
Pumping station pumps
1 (raw wastewater) 6 15 90
2 Coarse screen 1 2 2
3 Fine screen 2 1
4 Grit chamber blower 2 3.5 7
5 Grit chamber blower 1 0.75 0.75
6 Zlunrl;face aerators (aeration 10 55 550
7 Return sludge screw pump 2 50 100
8 Outside lighting 60 0.25 20
9 Others 10 10
10 Total power demand 782
. e o o s 80
UJSLS\_-’AJJ—BJ"EJ‘WL%G\’WJ Ui‘b\'ijdjf‘dﬂ 703
70
oMb slaaisbad of v 4> ¢ 5,50 3| sladas ‘_,,J; 6
543, 80 b sl ooy e LN OL0) b o s o 50 -
- =
d}jjdudjjuj‘jabﬁgﬁﬁl@‘)éa.,\..:uabu.’:.a‘d)‘}:g.‘{ﬁ § 40
D
(ISR 2l 1 g5, & = 304
o ol ) ek s s RS (0 AL ) (§5 1 S e
Pl (6l 6052 (55 5 50 s s s 5351 L fz 1 s 128
ﬂ%aﬁfjkhjjﬁ‘oﬂw\GHGJASJQL’M‘ 0 J 03 01 09 o1 26 13

2 Sl pale g 5 50 Sl 1S oL ol s o
Sher plse s ol Dl i o 555l 5 Wl GHG S
(Harvey, ol arw s gl b3S -pl jlis) g dnloe a3l

2018)

6l_a5\§‘_3~ 052 3 s D2 g5 ol 5

Jltd o e U (508 M 6l dias S 5l sllalS
Osaden £/Y b gma j s b UL Claday opl s o),
o sl oSSl sbas gos S wiai | AL xS e
G el Sl LS+ /YPY sui aiad O cno 20
ol i s el S8 YYFY /0 Jslan 8 S o o
EPA(Zib TII et al., 2021) TPCC sai 5,155 jluie olol
Sybdn sad B ae 50 el Sl o 6l GHG luis
ol Sl 28 w85 Jolna ¢ S LS 030/ Ly
5 VWYO/Y sact sy oo 6l iy s 55, 00 W]
Gran G o3 Vel Gl Slasl o S aShigs Jslas

Journal of Water and Wastewater

R T o
& F & & & (&% &
I R S S SR ) S
F eSS &
SR A T
& © s & & ¢ &
& PO O
& & e S
& [N ORI
é"o o‘b e‘é
.Q% &> <
& >
& ()
< N

Fig. 2. Comparison of electricity consumption (%) in
different sections of the investigated wastewater
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Table 3. Amounts of carbon footprint and indirect emissions of greenhouse gases in the investigated treatment
plant based on total nitrogen, BOD removed and electricity consumption (in terms of tCO,e/year)
Flow of
wastewater Anually Total Total . . o] o] o] ety
Removed Removed Emission Emission Emission Emission Emission
trepalgnrzf n wsgf:vt'il(:er Lo CaL encl;ils—lsi((;)n encl;ils—lsi((;)n Ay GHCELES GREELTA G 0O
(No sludge (m’) (mg/L)  (kg/year) (IPCC)  (Wang) (IPCC) (Wang) (IPCC) (Wang)
processing)
Min. 5077440  467.88 2375632.6 3107.7 1434.15 1330.3 409.8 38.25 1367.6 65.6
Mean 6192000 467.88 2897112.9 3790.1 1749.14 1622.4 499.8 46.64 1667.9 80.1
Max 7306560 467.88 3418593.3 44722 2063.94 19144 589.7 55.04 1968.1 94.5

* Assuming the emission of 560g of carbon dioxide per kg of COD removed

** 5.7g of methane per kg of COD removed based on IPCC 2019
**% (.7 g of methane per kg of COD removed based on (Wang, 2022)

Methane and N,O are equated with CO, by multiplying the values by 23 and 296, respectively.
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