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Learning objectives

You should be able to:

e Think creative and innovative about chances for the wastewater
treatment plant of the future....

 Select technologies and design treatment chains to fulfill the
needs for the surrounding activities...

< In the Netherlands or for your own country

« Discuss about chances and defend choices you make
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Changed focus in the past 60 years

Removal of organlcsr

Nltrg h andjjhgsphate

g S
Multlfunctlonal
Area use

Removal
of Organics
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And the future...

Which changes do you see for the future (2030)
Demography:

Economy:

Policy:

Ecology:

Social:

Technology:
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Scenarios for the future
InnovativeTechnology
A. To live is to experience ble living together
Comfort and ease le and committed
> High tech end of pipe solutions Innovative Technology O
kT Tailor made roducts =
8 Invisable Government ith environment g
7 =,
§ ‘IIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIII> é
< C. Solitaire and Sim ical and Diligence 8
= Simple and modest al and traditional s}
'g Cheap Proven Tech conventional technology @
- Operate at boundari prolongation <
Autarchy ion in water cycle
Traditional Technology
e :
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Scenarios for the future

Opinion of water experts in 2010:

f 22:: (%)

3

A. To live is to experience
) B. Sustainabls ving tagather
W C. Economical and ditigence
- [. Solitair and simple
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Break....
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Starting point for the roadmap

Central systems, with the predictable changes in composition of the
sewage and effluent quality in 2030 will be improved

Factors of influence

. : 1 2 3 & 5 [ 7 a g 10
Effluent Quality R o o e o o
Costs - Costs

Energy neutrality Energy neutrality

Nutrient recovery il

Wastewater policy |
Risc profile
Sustainability
Operation, mainbenance Brissgen
Water scarclty oo
Landuse | ==eocg

“a water cycle organisation that primary focusses on production of
resources, energy and water with an economic value” (Roadmap)
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~ | Sewer management

Drinking water _ . 5
purification _..._—=

5
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Themes for the coming years

Ener.gy rec /
< |l -
C

ABRIEN

Sustainable living together

'FU Delft WWT in the future 11

Roadmap 2030 - “Source Factory”
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Scheme of various process steps
in a WWTP

*  Influent *  Additives
- L
\ v
7
- r - r
Pretrastment p— Basic treatment — Past treatment
B Y . -
A H
i i
i r N r
Rejection water treatment | ......, Sludge treatment [ ... > Energy conversion
e e v -

= Raw materals = Residues, sludges, etc.
+ (water, N, P, Energy) H
V')
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Nutrient factory

*  Influent = Additives
L -

v v

r[ ..m )-( .,m N gre—
(Mm;m}......[ e ) (— )

+  Raw matenals = Residues, sludges, etc.
. (water, N, P, Energy)
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Water factory

+  Infent

v

A :

i W
7~
Deelstroombehandeling ... Slibverwerking rreor
N

v
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Energy Factory

®  Influent

v

Deelstroombehandeling ]g

<ees

*  Reststoffen
s (sibed.)
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Assignment

Which technologies can be used per “factory”;
put them in a process scheme (design)
to recover your target product
AND treat the wastewater to good effluent

standards.
3
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Nutrient factory @‘a
5 Influent : Additives
v i
Pretreatment ... - Basic treatment ..., > Post treatment
i
Bejection water treatment  ....... Sludge treatment —— Energy conversion
Raw matenals = Residues, sludges, etc.
(water, N, P, Energy) .
v
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Why again?

Peak Phosphorus curve
3" 1

i
» ‘,.‘./_ W=
e \
' N

Phosphonus production (MT Pir)
a o
“1\
‘

15900 wo 1va0 980 1980 000 2000 a0 2040 080 0 nn
Figure 1: Peak phosphorus curve, illustrating that, in a similar way to oil, global
phosphorus production s also likely to peak (Source:

[T
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Nutrient factory @‘a
\J

Important characteristics for WWTP configuration
e Separate nutrients and COD

« Concentrate nutrients

5ludge i
E ............ Hhrickeming

= HH:NO;..,. @

Dry solids tion .
( Pigeste ) ( comitoe )Studge [—) u 3 NP0 ... Ol

L P- recmnery
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Decentralised recove U\ /
~ &

i, . iﬁ‘.‘
fLnLeuwe

e

s

Gr?/‘\{\l/;:er Feaces; Grey water
’ 11,6% 1 Urine; 47% 18%
°  Nitrogen ¢ °
Phosphate
) Feaces;
Urine; 85% 35%

&

Energy;

Centralised recovery

i -
. kg < -
“Watersysteem"” rendement B0 %
naar struviet : 56%
naar compost: 33%
naar opperviaktewater : 11%
2
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Water factory

*  Infuent 2 Hulpstoffen
- -
Vv v
A :
i ¥
Deelstroombehandeling PR Slibverwerking e Energleconversia
= Grondstoffen = Effluent *  Reststoffen
S (water, N, P, Energie) : +  (stibed.)
v v v
e :
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Why Water reuse?

Why:
e Draught;
- Salt;

- Effluent relatively clean compared to other sources. =

What :
= Cooling water
< Proces water

< Irrigation water

 Drinking water??
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Water factory

Important characteristics for WWTP configuration 5
 Physical removal of COD

- Biological removal of N

« Biological and chemical/physical removal of P
« Biological processes based on activated sludge and

attached growth (membrane, activated carbon).

Dradation (04) Metalsalts + C-source Reverse (smosis

Biological Activated
Carbon

Filtration | 20 20% Boiler feedwater/
: 3 10% drinking water
W v v
Conventional sludge treatment Regeneration of  Reed beds and

Activated Carbon  surface water

Blue connections represent
internal effluent reuse

ol = o ‘-‘

| Dow in the region
-

\| Evides
Pumpingstati
Philippine

Dow Temeuzen and water:
a regional approach

red connections represent
municipal effluent reuse




Membrane technology suitable for water reuse: )
Technique MWCO** (Da)
* Compact system;
- Fouling; Microfiltration >10°
= High Energy Consumption; Ultrafiltration* 103 - 10°
= Not all components are degraded or filtered, Nanofiltration 102— 104
so post treatment needed
Reverse Osmosis 102

* Pore size 1 — 100 nM
** Moleculair Weight cut off

e
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Dutch examples

 Boiler feed water: UF, biological activatedcarbonfiltration, 2 phase
RO, polishing by electro deionisation;

3
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Dutch examples

- Boiler feed water: UF, biological activatedcarbonfiltration, 2 phase
RO, plishing by electro deionisation;
« Recreation water: Rapid sand filter followed by a reed bed filter;
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Dutch examples

 Boiler feed water: UF, biological activatedcarbonfiltration, 2 phase
RO, plishing by electro deionisation;

» Recreation water: Rapid sand filter followed by a reed bed filter;

e Agricultural use (via discharge at surface water): supply pond,
parallel reed bed canals, discharge canal and aquatic plant ponds.

Combination with nutrient factory:
struvite recovery from human urine
and cattle manure

£ ! Micro pollutants removed via
ozonation and activated carbon filter

3
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[
Energy Factory @%’é

Influent Hulpstoffan

<aan

v

8

Deelstroombehandeling I SII- — Enu-

: Grondstoffen = Effluent = Reststoffen
+  (water, N, P, Energie} : +  (slibe.d.)
Vv v v

5 )
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Energy factory @?’é

= Separation of COD instead of aerobic degradation (optimization

Important characteristics for WWTP configuration

biogas production and energy consumption at aeration)
» Energy: economic removal of N, P and residual COD (anammox)
» Maximal recovery of sludge caloric content

5
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Energy factory W,
Hehlsali pulymer
A stepar
512\-&’ s anaeriiba N Heat recovery for houses
" sedunﬂﬂztlun 5ed1mmzhnn H
U209
Sullds :
fon' ! S T LS !
0% 10 15% iy g
§ il hue
‘ N
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13 Waterboards

12 WWTPs studied

AWZ en ca Almost all can treat their
water energy neutral

Energy reduction for
waterboards: 2%-25%
Costs: -0,08 to 0,70 €/i.e.

Business case:
-1,36 to 0,55 €/i.e.

ENERGI]
FABRIEN

Total energy + 5800
Yield households
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Fine sieve @%’é

« 170,000 ton/year paper fibres
* 0.5 mm holes
» 30-40% SS, easy to increase

» Reuse of paper, energy recovery (biogas)

3
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Other measures in sludge treatment

« Sludge desintegration (5 bar, 150°C)
(More biogas with higher methane content, easier to dewater sludge)

* Fuel Cell

 Supercritical gasification
(Without O,, high pressure (200-400 bar), high temperature (500-700°C)
conversion of biomass to CH4, CO, N2 and H2)

» More efficient use of energy and low-value heat from CHP

Angde Kethade Shikstaf
EsItmlyt Hoeter

H-+2H"+26 Oy aH + dd—+2HD
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Development of anammox technology at
low temperatures

i3
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Projects at GT

« Irrigation in greenhouses
« Pilot at Harnaschpolder with filtration methods;

» Sewermining
 Production of high quality process water from sewer, '
preferably energy neutral
38

« Anaerobic Membranes

e uncoupling HRT and SRT, resulting in high quality
nutrient rich, pathogen free effluent;

* Fouling, shear and costs
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And also at EBT-TNW...

= Cold Anammox (BT);

* Nereda
* Low energy use
* Alginate production/extraction (BT)
* Increased digestion of biomass (GT)

= VFA production of biowaste/wastewater
« Bioplastic production (BT)
* Increased hydrolyses (GT)
* VFA production from waste streams (GT/BT)
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