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Overview

• Introduction: potential flow schemes

• PAC: Results from pilot- and full scale experiments

• Single stage addition: to effluent or to biology

• Two stage application: PAC recycling to biology

• Results from GAC application (BioMAC)

• Energy and costs

• Conclusions - Outlook
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Alternatives:
• PAC addition to filtration

• PAC/flocculant addition to a contact/flocculation tank with additional 
sedimentation or membrane separation for PAC recycling

• After the sedimentation a filter is needed to reduce PAC loss

Introduction – potential flow schemes

PAC

Sedimentation followed
by filtration or
membrane separation

Al or FeAl or FePAC

Sedimentation followed
by filtration or
membrane separation

PACAl or FePAC

• PAC additon directly to activated sludge system
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In-vivo-test/
effluent to WWTP
Neuss-Süd
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PAC –
suspension

(0,27 %) 

filtration
reaction time 

60 min

sampling

effluent

to WWTP
Neuss-Süd

Retention time hydraulic  ~ 3,5 h
Retention time PAC ~ 4 d

10 l/h

receiver

sampling

influent

PAC addition to secondary effluent with 
membrane separation (single stage treatment)

Pilot plant DPU -
WWTP Neuss

Contact/
flocculation reactor Membrane separation

SRTPAC ~ 4d

Secondary effluent
storage tank

20 mgPAC/l

PAC parameters:

Typ: Norit SAE Super
BET: 1.150 m²/g
Grain size D50: 15 µm
Bulk density: 425 kg/m³
Iodine number: 1.050
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PAC addition to secondary effluent with additional 
sedimentation (SBR, single stage treatment)

Pilot plant Eawag

SRT ~ 13 d

sampling point

Secondary clarifier

(mechanical pretreated
wastewater)

Secondary clarifier

Cloth filterStorage tank 1 Storage tank 2Ads-SBR

PAC
+Fe(III)

Nitrification

Nitrification

Denitrification

Denitrification

Return sludge

Return sludge

Flushing water (optional)

PAC excess sludge (optional)

Excess
sludge

Excess
sludge

Effluent

Influent

Lane A

Lane B Effluent

Buffer tank 1 Buffer tank 2

PAC excess
sludge

SRT ~ 4 d

SRT ~ 13 d

Nitrification

PAC-SBR

Secondary
Clarifier

Denitrification

Storage Tank

Cloth Filter

PAC-
Suspension

Storage Tank

Nitrification

PAC-SBR

Secondary
Clarifier

Denitrification

Storage Tank

Cloth Filter

PAC-
Suspension

Storage Tank

Flow
direction

Flushing water
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All elimination efficiencies referring to secondary effluent

Results: PAC addition to secondary effluent with 
SBR and membrane separation (single stage treat.)

0%

20%

40%

60%

80%

100%

Clarithrom
ycin

Sulfam
ethoxazole

Diclofenac

Prim
idon

Dihydrocodein

Codein

Oxazepam

Carbam
azepine

Iopam
idol

Ioprom
id

Iohexol

Diatrizoat

Naproxen

Bezafibrat

Study DPU, WWTP Neuss - 20 mgPAC/l; 10-12 mgDOC/l, SRT PAC: 4 d

Study Eawag, Pilot plant - 10 mgPAC/l; 8-9 mgDOC/l, SRT PAC: 3-4 d

E
li

m
in

at
io

n
 [

%
]



4

7

PAC addition to secondary effluent with 
sand filtration (single stage treatment)

 
 NORIT SAE SUPER 

 1.050 

28 

1.150 

425 

3 

15 

alkaline 

Secondary effluent
storage tank

Contact reactor

Sandfiltration20 mgPAC/l

Pilot plant DPU -
WWTP Neuss

SRT PAC = 24h

Backflush interval 2 d
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PAC addition to secondary effluent with
sand filtration (single stage treatment)

Pilot plant Eawag

Water + compressed air for 
flushing (1x/d) nozzles

Secondary 
clarifier effluent

Spill over

4.5 m 
Turbulence tank

Filtration 
rate 4.5 –
12.5 m/h

PACFe3+

Effluent

Outlet

+ 0.5 mbar

HRT 30 – 80min 

Flushing 
nozzles

Secondary 
clarifier effluent

Expanded slate 
(120cm)

Silica sand 
(40cm)

Filtration 
rate 4.5 –
12.5 m/h

PACFe3+

Water head 
0.5 – 1 m

Outlet

Backwash
water

+ 0.5 mbar+ 0.5 mbarPressure head 

HRT 30 – 80min SRT PAC = 12 h

Backflush interval 1 d
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Spillover

Zulauf

Quarz

schiefer

Behä lter 3 u. 4

Outlet

Influent

Silicia sand

Expanded slade

Flocculation tanks

Back flush by
air and process
water

PAC addition to secondary effluent with 
sand filtration (single stage treatment)

Pilot plant Eawag

black colored water is 
flushed out by clean 
backwash water
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Full-scale experiments at WWTP Opfikon

Activated sludge system with two lanes for nitrification and denitrification for
60‘000 PE, each lane has two biology tanks with two secondary clarifiers

Each lane has one flocculation reactor followed by four two layer filters

Fe and PAC were only added to the flocculation tank (HRT = 0.9 h) of 
lane south with one filter in operation (hydraulic load 4.3 m/h, SRT of PAC 
in the Filter was 12 h, backflush intervall: 1x/d)

Lane south

Lane north

Filtration
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Results: PAC addition to secondary effluent with 
sand filtration

All trials without PAC recycling via back flush water into biology

All Elimination rates referring to secondary effluent
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Study I Eawag - WWTP Kloten/Opfikon - 4 - 6 gDOC/m3 - dosage 15 mgPAC/l, HRT 90min, SRT 12h (1 backflush/d)

Study DPU - WWTP Neuss Sued -  9 - 11 gDOC/m3 - dosage 20 mgPAC/l, HRT 40min, SRT 24h (0.5 backflush/d)
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Results: PAC addition to secondary effluent with 
sand filtration - Eco-toxicity tests
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In 5 of 6 test  the negativ impact of 
the wastewater could be clearly
reduced by PAC additon
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PAC addition to the activated sludge system 
(single stage treatment) 

Pilot Plant DPU
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Results: PAC addition to the activated sludge system

All elimination efficiencies referring to primary effluent 
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Results: Effect of background DOC
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Secondary clarifier

(mechanical pretreated
wastewater)

Secondary clarifier

Cloth filterStorage tank 1 Storage tank 2Ads-SBR

PAC
+Fe(III)

Nitrification
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Denitrification
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Return sludge

Return sludge

Flushing water (optional)

PAC excess sludge (optional)

Excess
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Lane A

Lane B Effluent

Buffer tank 1 Buffer tank 2

PAC excess
sludge

SRT ~ 13 d

Flushing water

PAC addition to secondary effluent with additional 
sedimentation (SBR, two stage application) 

Pilot plant Eawag

sampling point
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Flushing water
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Results: PAC addition to secondary effluent with 
additional sedimentation (SBR)

Pilot plant Eawag

All elimination efficiencies referring to primary effluent
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Results: PAC addition to secondary effluent with 
additional sedimentation (SBR)

Relative elimination of contrast media with different PAC applications

Pilot plant Eawag

All elimination efficiencies referring to primary effluent
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Secondary effluent treatment with GAC -
BioMAC concept

Membrane 
filtration tank

GAC reactor Permeate tank

pH T O2 h

0,5-2 m3/h

INFLUENT

EFFLUENT

AERATION

RECYCLING

PT

FT

Turb.

FT

FT

Combination of adsorption, biodegradation and filtration
Evaluated on lab scale and pilot scale

Pilot plant 
Aquafin
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Results: Secondary effluent treatment with GAC 
(BioMAC concept)

 Results lab scale testing

 Antibiotics removal > 95%

 Iodinated contrast media removal > 80% 
(except diatrizoate)

 Acidic pharmaceuticals removal

 Complete removal pathogens

 Significant decrease in estrogenic and anti-
androgenic activity

 Results suggest contribution of adsorption and 
biological activity

 Results pilot scale less positive

 Temperature influence? 

 Activated carbon saturation?

 Further research needed

 Cost optimization

 Temperature influence

 Added value of biological activity on 
GAC lifetime
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Energy and costs

Treatment
Dosage
[mg L-1]

Electrical
energy

[kWh m-3 ww]

Primary
energy

[kWh m-3 ww]

Annual Costsc

30'000 p.e.
[€ m-3 ww]

500'000 p.e.
[€ m-3 ww]

O3 3a - 10 0.05b - 0.15 0.15 - 0.45 0.07d - 0.1 0.02d - 0.03

O3 incl. sand 
filter

3a - 10 0.1 - 0.2e 0.3 - 0.6 0.15d - 0.2 0.05d - 0.07

PAC 10 - 20 0.005f 0.35 - 0.7g 0.15 - 0.2 0.06 - 0.08

PAC incl. 
sand filter

10 - 20 0.05e,f 0.5 - 0.8g 0.25 - 0.3 0.09 - 0.11

a Ø Operating conditions @ WWTP Regensdorf (5mg DOC L-1  600g O3 kg-1 DOC)
b Measured @ WWTP Regensdorf (production of O3 (incl. O2), thermal residual-O3 destructor, 

control system, cooling aggregate  15kWh kg-1 O3)
c Detailed, realistic cost study by Hunziker Ltd. (~300L c-1 d-1  100m3 c-1 y-1)
d extrapolated from O3 5-10mg L-1

e Sand filter (experience from conventional treatment)
f Mixing (experience from conventional treatment)
g Primary energy consumption of PAC (no regeneration) 3.5 kg carbon needed for 1 kgPAC:

3.5kgC/kgPAC x 2.7kgCOD/kgC x 14MJ/kgCOD / 3.6MJ/kWh = 35kWh/kgPAC 
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Conclusions

 Sorption efficiency of PAC reduced with increasing DOC

 Adequate treatment of secondary effluent requires 10 - 20 gPAC/m3

depending on DOC background concentration (5 – 10 gDOC/m3 ) 
respectively

 High dosages of PAC (80 gPAC/m3) directly into the activated sludge
can not be justified due to the low additional benefit compared to 
lower dosages (40 gPAC/m3) 

 PAC dosage results in an increase of sludge production of 
approximately 5-10% (10-20 gPAC/m3)

 Investment and operation costs (incl. filtration) amount to 0.1-0.3 € m-3

for PAC addition with flocculation, sedimentation and filtration
(~15 – 45 €/(PE·a)

 PAC recycling into the biology (counterflow) clearly increases
elimination efficiency
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Further tests with pilot plant 
Eawag
(Winter/Spring 2010)

• Dosage of 20 and 40 mgPAC/l
into the biology

• Behaviour of the loaded PAC in 
the digestion step – desorption
of adsorbed micropollutants?

• Batchtests – inhibition of the
nitrifiers by PAC?

Second full scale
application - sandfiltration
at WWTP Kloten/Opfikon
(Summer 2010)

• Repetition and optimisation of 
full scale application at WWTP

Outlook
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