ATMENTS: ADVANCED
TECHNOLOGIES FOR WASTEWATER
TREATMENﬁN SMALL URBAN SETTLEMENTS
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Domestic Wastewater Treatment
Conventional paradigm:

SISTEMA MULTIMUNICIPAL DE ABASTECIMENTO DE AGUA E SANEAMENTO
DE AGUAS RESIDUAIS DO ALGARVE

N
L
<

~ ‘lk.‘.
N

SUBSISTEMA DE SANEAMENTO DE AGUAS RESIDUAIS v <o
< MNOOYTeC

https://www.aguasdoalgarve.pt/content/mapa-do-sistema-de-saneamento accessed 19/03/2021
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Domestic Wastewater Treatment
Conen_tinal paradigm:

T

http://www.fma2018.pt/pt/entity/aguas-do-norte-sa accessed 19/03/2021
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Anaerobic processes

T &

https://www.conserve-energy-future.com/effects-wastewater-environment.php accessed 19/03/2021
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Anaerobic processes
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Anaerobic wastewater treatment

Biodegradable organic matter

CH4 + COZ Biogas

Biomass Sludge

N+P Soluble nutrients
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Anaerobic processes

https://www.vekamaf.com/equipment/anaerobic-uasb-wastewater-treatment/ accessed 19/03/2021
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Typical designs

Suspended growth processes:

figure 10-2

Mcerchic suspended [ Qs I o

gowlh irectment /—' / Clarifier
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ocesses: (a) complete- — z
nixsuspended growth olo ob [ i’

mcerobic digester, Flocculator
8 ancerobic contact el > or degasifier
piocess, and

{8 angerobic sequencing
poten reactor (ASBR). il

(a) (b)

Sludge recycle l

Gas _“ ,_L—’ Gas Gas ¥ Gas
55

= % e Effluent
L
Influent ——m e
Feed React Settle Decant

(c)

Metcalf & Eddy, Wastewater engineering, 2004

Only adapted to highly loaded (industrial) wastewaters
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Typical designs

Attached growth processes:

v ¥ G S
Figure 10-7 as Gae Figure 10-8 Gas
: G Packing for the
Ug’nog‘/jnﬂefi:'c T 1 Downflow attached attachment of
atiached grow 5 . ;
treolment%ecctorS' b2 St i Sl i bl A
¥ . fI‘ freatment reactor with _4-
o] ancerobic upflow e . —
astic packing. MR N (S
packed-bed reactor, EiRenE b’ . ) | ﬁll ‘?W *I -
b} anaerobic expanded- 2 ‘\ | H‘
bed reactor, and | \ “
|d| anaerobic fluidized- : HH | ‘ w Effluent
bed reactor. T ~
)
. Discharge
Influent Influent Influent plénum
(@) (b) ©

Metcalf & Eddy, Wastewater engineering, 2004

Only adapted to highly loaded (industrial) wastewaters
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Advanced designs

g'\?‘rtg Gas Gas
Clarifier
Effluent - Effluent - I ~  Effluent
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= n Internal
THREE- PHASE + EOULYU:: packing
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4 Sludge
— ® e blanket
— @ e © Sludge
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o * (@) (b) (c)

Figure 10-4

Schematic of the UASB process and some modifications: {a) original UASB process, (b) UASB reactor with sedimentation tank
and sludge recycle, and (c) UASB reactor with internal packing for fixedfilm attached growth, placed above the sludge blankst,

BIOMASS
4 cranuLes
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BLANKET =]
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Figure 10-5

View of UASB reactor
equipped with internal
packing above the
sludge blanket. The
exterior physical
appearance of o UASB
reactor without and with
internal packing is the
same [see Fig. 10-4c
for location of infernal
packing).

SLUDGE

EFFLUENT
neeT R

D’Bastiani et al., 2021

Metal Eddy, Wastete enineering, 2004
UASB reactor schemes
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Advanced designs

Uflow Anaerobic Sludge Blanket (UASB) Reactors

The largest tank is a UASB reactor located near Tel Aviy, Israel

https://www.wikiwand.com/en/Upflow anaerobic sludge blanket digestion accessed 19/03/2021
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Advanced designs

PUSH® prototypes installed in Lagos and Loulé

Aguas do Algarve, 2020/21
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Advanced designs

\ Biogas flare

Receiving body
3 Post-trealment
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Preliminary treatment

1

UASB reactor

Sludge dewatering

UASB based WWTP

Chernicharo et al., 2015
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Biomass
waste

Anaerobic
bioreactor

Advanced designs

_ 5 Compressor
(©) Biogas (d) Biogas | Pump
Compressor* Pump ¥ v
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Membrane
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Anaerobic Membrane BioReactor (AnMBR) schemes
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Advanced designs

Anaerobic Membrane BioReactor (AnMBR)

https://www.directindustry.com/prod/suez-water-technology-solutions/product-34162-1601638.htm| accessed 19/03/2021
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Advanced designs

Gel layer Cake layer Irreversible Irrecoverable
fouling fouling

\ [
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Virgin membrane
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Operation Cleaning

Membrane fouling schematic

Shahid et al., 2020
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Advanced designs
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Vinardell et al., 2020

Novel designs using AnMBR for sewage treatment
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Extracting value from waste

(1) Anaerobic
Processes

(2) Full-scale / Demo-scale
Treatment

Akyol et al., 2019

Biorefinery concept applied to waste management
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A vision for integrated treatment

Within rural areas / Small urban settlements
Heat Electricity
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