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STABILISATION PONDS

Facultative pond

Anaerobic pond —facultative pond

Facultative aerated
lagoon

Completely mixed aerated lagoon —
sedimentation pond

High rate ponds

Maturation ponds

LAND DISPOSAL

Slow rate system

Rapid infiltration

Subsurface infiltration

Overland flow

Constructed wetlands

ANAEROBIC SYSTEMS

Upflow anaerobic sludge blanket reactor
(UASB)

Anaerobic filter

Anaerobic reactor — post-treatment

ACTIVATED SLUDGE

Conventional activated sludge

Activated sludge (extended aeration)

Intermittently operated activated sludge
(sequencing
batch reactors)

Activated sludgewith biological nitrogen
removal

Activated sludge with biological nitrogen
and
phosphorus removal

AEROBIC BIOFILM
REACTORS

Low rate trickling filter

High rate trickling filter

Submerged aerated biofilter

Rotating biological contactor (biodisc)
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! Stabilisation ponds
% Facultative ponds
% Anaerobic ponds
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SCREEN GRIT FLOW ANAEROBIC POND FACULTATIVE POND
REMOVAL MEASUREMENT
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FACULTATIVE AERATED LAGOON

RECEIVING
FACULTATIVE AERATED LAGOON WATER BODY
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! Completely mixed aerated lagoon-sedimentation pond



COMPLETE-MIX AERATED LAGOON - SEDIMENTATION POND
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EXTENDED AERATION
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SEQUENCING BATCH REACTORS
(Intermittent flow)
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—a— Trickling Filter
1 —*— Activated Sludge

0.14 —a— Advanced with out Nitrification
—v— Advanced with Nitrification
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Year Length (km) No. of WWTP Population Served
1997 9978 30 1,959,548
2000 15654 37 2,327,702
2005 23473 84 6,001,322
2010 35500 129 12,977,079
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Row | Name of Water and No. Population Total Treatment Plant Capacity Processes
Wastewater Treatment | Coverage by (m®%day)
Company Plants WWTP Design Constructed Operating
(Person) Capacity Capacity Capacity
1 East Azarbaijan 7 1, 288, 627 239, 647 239, 647 198, 046 AS(6), AS+SBR(1)
2 West Azarbaijan 6 884,957 405,820 181,820 129,937 AL(5), SBA
3 Istahan 20 2,428,210 757,120 757,120 449,219 AS(4), AL(8), L(8)
4 Ardebil 3 178,913 48,300 48,300 27,933 AS(2), AL(1)
5 Alborz 1 80,000 168,000 42,000 15,000 L(1)
6 Ahvaz 1 194,000 52,000 52,000 36,000 AS(1)
7 llam 4 145,688 72,000 36,200 21,279 AL(1), L(3)
8 Bushehr 3 154,617 125,500 41,833 34,009 L(3)
9 Tehran 9 2,778,853 988.890 540,330 430,159 AS-TF(2), AS EA(6), AS(1)
10 Chahar Mahal 5 298,129 97,700 54,700 49,314 AS(4), AL
11 North Khorasan 2 125,748 15,600 13,600 14,100 AS, L
12 Razavi Khorasan 4 292,400 52,900 52,900 39,400 AS(1), L(3)
13 South Khorasan 1 45,741 10,500 10,500 7,010 L
14 Khozestan 5 94,956 59,100 47,511 24,711 L(4), AL(1)
15 Zanjan 2 123,708 73,353 39,916 6,505 AS, L
16 Semnan 3 74,400 76,943 76,943 11,200 AL(2), L(1)
17 | Sistan & Baluchestan 2 156,000 175,148 68,600 18,400 AS, L
18 Shiraz 1 432,000 80,352 80,352 60,480 AS
19 Fars 2 68,800 60,440 18,100 4 AL(2)
20 Qom 2 189,100 69,000 69,000 47,000 AS, AL
21 Qazvin 3 209,842 168,468 46,996 31,353 L(3)
22 Lorestan 4 391,314 254,000 188,000 128,000 L, AS, AL, ANL
23 Kordestan 2 412,249 131,360 115,360 115,360 L, AS
24 Kerman 1 61,000 105,000 15,500 6.900 AS
25 Kermanshah 7 589,514 90,610 90,610 88,694 W(1), AS(4), L(2)
26 Kohgloyeh 1 60,983 44,000 44,000 13,000 AL
27 Golestan 3 29,380 29,200 15,900 9,920 L(2), AS
28 Gilan 2 15,830 31,600 21,600 3,353 AS(2)
29 Mazandaran 5 40,600 189,136 45,736 8,036 AS(4). L(1)
30 Markazi 9 383.441 78,734 78.734 83,160 L(5), AS(4)
31 Mashhad 3 525,000 100,200 100,200 102,000 AL(1), L(2)
32 Hormozgan 1 100,000 117,504 117,504 35,000 AS
33 Hamedan 3 36,087 39,636 39,636 12,624 AS, AL, L
34 Yazd 1 67,104 16,650 16,650 10,066 L
Total 129 12,977,079 5,011,120 3,371,327 2,425,327
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2 Screening
3 gritting
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B Anaerobic digestion.
3/992

[CATEGORY NAME].
[VALUE]
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B Thickener. 0/4284

B Dewatering. 0/5907

B Heat exchanger.
0/02605

B Screening. 0/4284

® Gritting. 0/5141

B Secondary clarifier. Primary clarifier.
0/6426 0/6426
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Disposin . ,
i Disposing  Recycled streams Recycled stream in

509.6 1528 1583 thickener AD exergy loss
kW KW KW 747.7 KW 12.8 KW

- 3693 kW
erobic

reactor 1583 kW
16754 97.3 kW Exergy loss by heat ~ 84.1 KW

Exergy of work and added heat

kW
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[EV] a5 508 0 6 Mol albasias # Slasin (A-F) Jgox

Number of WWTP 1 2 3 4 5 6
Biological AS/EA! AS/EA AS/EA AS/EA CAS? A’0 AS®
treatment

People served 7000 42000 30000 20000 85000 100000
Mean influent flow 50 200 200 100 1200 670
(m3/h)

Mean influent COD 264 152 160 304 140 120 170 312 192 216 400 200
(mg/L)
Mean efflent COD 128 16 96 16 16 128 6.4 128 128 16 416 1238
(mg/L)
Mean influent BOD 200 130 90 130 90 90 155 285 160 185 155 125
(mg/L)
Mean effluent BOD 8 14 8 8 35 8 24 45 58 8 10 7.1
(mg/L)
I(Vlec’?n)inﬂuent TSS 180 160 100 230 50 315 120 515 145 325 250 225
mg/L
Mean effluent TSS 22 20 10 26 15 10 1 5 175 30 11 17
(mg/L)
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1 . .
Activated sludge/extended aeration
2 . .
Conventional activated sludge

The A20 process is composed of an anaerobic/anoxic/oxic process which removes biological phosphorus with simultaneous nitrification-denitrification
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Number of Mean eletricity Meaninlet Mean effluent Mean biogas Mean exergy Exergyin

WWTP consumption exergy exergy exergy destruction sludge
1 46.6 39.3 2.7 144 9.8 12.3
2 114.8 175.3 9.7 49.6 43.2 72.2
3 114.8 98.2 10.9 51.7 24.6 11.1
4 73.2 91.1 3.6 51.6 22.8 13.1
5 368.0 924.8 65.3 454.3 231.2 174.0
6 252.0 759.1 68.9 242.3 189.9 258.1

Srae )5 5l Lol as ) ojleds ailasal 4 (69955 slo (65,55 o @ Ceand [0 (VA-T) S o

Sledhal 4 (639)9 65,5 Spbiss odaliv &5 jsblen .oaul oad sls (Lis 098 ce (53959 S
4 )5 S)ygon (55,581 Sl aibge )5 O g0 o5 cal Brae 15 65,55 5 L5U i O ol
b Cond 1o 09 dalgs Sbib BB OMSB (65,551 b 5 ool Al ] coled g oo 3,y DLSG L >
655551 odes Uiy el Laiie 4 jsbolan el b osls Sli A (55,581 5| dalie (sl
(rirred Sleoo Sl albasiar il 2oy 2 0 03 edee (i g Col Jlazinl LB g &)j50n

00,5 oo o, 2ol axly jo (65,551 51T YO sgu o

Yo



B exergy of work consumption M exergy of inlet wastewater

= exergy of effluent = exergy of biogas = exergy destruction = exergy of sludge
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Abstract

The amount of wastewater production has been increased by population increasing in countries
and the rising of water consumption per capita. Produced wastewater apart from is considered as
a main source of water, especially in countries with dry weather and low rain, it can count as a
high pollution source that inappropriate disposal causes serious damage to the environment.
Many wastewater treatment plants (WWTP) have been designed to decrease the environmental
pollution. By increasing the number of WWTPs it has been ascertained that wastewater treatment
consumes a high amount of energy. In recent years, efforts have been made to optimize energy
consumption in WWTPs and to use the energy potential of wastewater generated by the sludge
of these plants. Since the sludge is permanently produced in the treatment plant, WWTPs have
become a source of renewable energy production that can recycle all or a large part of the energy
required by the treatment plant. In this research, exergy analysis in the raw wastewater entering
the WWTPs in the south of Tehran has been studied. Six other WWTPs have also been examined
in general in terms of exergy. The results show that physical exergy compared to chemical
exergy in the WWTPs south of Tehran is insignificant and negligible. Also, a small part of the
wastewater exergy in the Screening units and Grit chamber units is removed from the treatment
plant cycle and energy is not recyclable. Other results include the destruction of most of the
exergy of WWTPs in the aerobic reactor, which is about 30% of the exergy of the inlet
wastewater. Also, about 3700 kW of exergy is removed through the expulsion of dewatered
sludge from the treatment plant. In the study of 6 other treatment plants, it was found that the
larger the capacity of the treatment plant, the exergy of consumable work will have a smaller
share in the exergies entering the treatment plant compared to the exergy of the Inlet wastewater.
Also, with increasing biogas exergy, the exergy rate of dewatered sludge decreases. The
economic analysis shows that the higher capacity of WWTP results in a higher profitability index
in the CCHP system and thus the project becomes more profitable.

Keywords: Wastewater treatment plants (WWTPs); Exergy analysis; Sludge; economic analysis
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