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 PERSPECTIVE

3.1 DEVELOPMENTS AND TRENDS

DEVELOPMENT DIRECTION IMPACT

Demographic Population growth Treatment capacity 

  Urbanization Treatment capacity 

  Aging Wastewater: hormones, medicines 

  Shortage of technicians Water(technology) capability

Economic Shortage of raw materials Capital and Operational costs 

  Globalization; commercialization Exchange; organizational change 

  Declining industrial discharge Wastewater: less degradable matter 

  Increasing operational costs Operational costs

Environmental policy Demand of higher efficacy Efficiency, efficacy, quality 

  Effect of European legislation Discharge standards 

  Sustainability Policies on purchase, impacts 

  Strategy of containment, storage and Treatment capacity 

  discharge (of wastewater)   

  Cooperation in water cycle Optimization

Ecological Climate change Peak capacity 

  Sustainability becomes natural Reuse of resources 

  Increase of treatment plant loading Fraction non-degradable matter

Social   Individualization Acceptance of public activities 

  Demand of higher quality, luxury, comfort of life Dilution wastewater

  (virtual) Webs Knowledge exchange

Technological Raw materials from wastewater Water, N, P 

  Energy from wastewater Production, providing 

  ICT development Process management, information 

  Decentralized pretreatment Chemical use 

  Increasing knowledge of hazardous compounds Treatment performance standard 

  Increase of build and paved area Treatment capacity 

  Scaling-up of treatment plants Economics; technology 

  Nano particles ? 

  Application of nanotechnology Technology 

  New treatment techniques Technology

Table 3.1. Important developments and impact on wastewater treatment.
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3.2 FAC TORS

3.3 IMAGES
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Figure 3.1. Priority of expert group for factors of influence.
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Comfort and ease

High tech end of pipe technology

Tailor made

Invisible government

D. Solitaire and simple
Simple and modest

Cheap, proven technology
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Autarchy
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Advanced innovative technology
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Figure 3.2. Images and aspects.
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Figure 3.3. According to expert group the situation in 2010 (left) and in 2030 (right).
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TREATMENT TECHNOLOGY

4.1 INTRODUCT ION

Pretreatment Basic treatment

Rejection water treatment Sludge treatment

AdditivesInfluent

Post treatment

Energy conversion

Residues, sludges, etc.Raw materials 
(water, N, P, Energy)

Figure 4.1. Scheme of various process steps of a wastewater treatment plant.
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4.2 PRE TREATMENT

Tabel 4.1. Overview of techniques for pretreatment.

SYSTEM FEATURES
Basic
Screen  Purpose: removal of coarse materials

Grit chamber Purpose: grit removal

Pre-sedimentation Purpose: removal of settleble suspended matter (COD) 

   Special: The suspended matter removed is a residue (primary sludge). It mainly consists  

   of organic matter and water, and is a raw material of energy (biogas) production 

   The ratio of organic matter (COD) over N and P of the wastewater is reduced (higher  

   removal of organic matter). This may negatively impact the subsequent biological 

   treatment

Improved
Coagulation + pre-sedimentation Purpose: removal of settleble and colloidal matter (COD) and P

   Special: In the case of inorganic coagulants, also P is removed and can be valued 

   positive. However, again it may have adverse effects on subsequent biological treatment  

   (ration COD/N). Necessity for the E-factory. Use of chemicals might have a negative 

   environmental impact

Biological adsorption Purpose: removal of suspended and colloidal COD

(A step of AB system) Special: post separation of wastewater and biomass is required 

Advanced
Membrane filtration Purpose: optimized removal of suspended and colloidal matter through a combination of  

Sand filtration straining and adsorption

Micro sieve, drum sieve Special: Advanced separation of contaminants/raw materials (COD removed, N and P not  

   removed). Reduction of COD over N and P ratio. Higher removal of suspended matter and  

   lower sludge production (lower water content)

Alternative
Anaerobic pretreatment Purpose: removal of COD and nutrients

   Special: suitable as a local pretreatment; not suitable at municipal wastewater treatment  

   (temperature and concentrations too low)
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SYSTEM FEATURES
Conventional: Suspended growth
Activated sludge  Purpose: removal of COD, N (nitrification, denitrification), P

 Activated sludge + chemical P-precipitation Special: the reliability of these systems may hamper development of a new 

 Activated sludge treatment + generation of treatment plants; external biomass-water separation (secondary 

 biological P-removal sedimentation); return and excess biomass. Basic treatment option in all scenarios

Attached growth
Trickling filter + Sedimentation Purpose: removal of COD, transformation of N (nitrification)

   Special:  extended removal of COD and P at pretreatment required; 

   external biomass-water separation (secondary sedimentation); excess biomass

Submerged systems (e.g. Biostyrtion) Purpose: removal of COD, transformation or removal of N (nitrification, 

   denitrification)

   Special (Biostyr): attached growth at a synthetic carrier material; upflow 

   treatment; packed fluidized bed retained by a screen; aerobic or anoxic and 

   aerobic reactor; backwashing; external clarification of backwash water; hardly any  

   experience in The Netherlands

Airlift fluidized systems (e.g. Circox)  Purpose: removal of COD, transformation of N (nitrification), removal of P

   Special (Circox): attached growth at a carrier material; internal plate separator for  

   clarification of effluent; limited excess biomass production; limited space 

   consumption; hardly any experience in The Netherlands

 Moving-bed biofilm systems Purpose: removal of COD, N (nitrification, denitrification), P

 (MBBR; e.g. Kaldness) Special (Kaldness): no P-removal; attached growth on a synthetic carrier 

   material; aerobic and anaerobic reactors; air mixing and mechanical mixing; 

   internal clarification (screen); no return biomass required; applicable as full 

   treatment or pretreatment; hardly any experience in The Netherlands

Alternative systems
Aerobic suspended bed reactor (Nereda)  Experience: promising system: first full scale reactor will start up in 2011

Cold Anammox reactor  Purpose: removal of N through anaerobic oxidation of ammonia by nitrite

   Special: less space consumption, reduced CO2-emission, reduced power 

   consumption, no external C-source required, minimal surplus sludge; until now only  

   theoretical

Membrane bioreactor (MBR) Purpose: removal of COD and N

   Special: high costs and energy consumption

Alternatives for sedimentation
 Upflow sludge blanket filtration  Special: compact system

Lamella filtration (e.g. Actiflo) Special: widely applied abroad but not in The Netherlands; compact system

4.3 BASIC TREATMENT

Table 4.2. Overview of techniques. 
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4.4 POS T TREATMENT

Tabel 4.3. Overview of techniques for post treatment.

SYSTEM FEATURES
Removal of particulate matter
Rapid sand filtration Purpose: depending on design and operation

   - Removal of suspended matter and N (biological)

   - Removal of suspended matter and P (floc filtration)

   - Combined removal

   Special: high energy consumption

Micro sieve, rotary drum sieve Purpose: removal of suspended matter and included N and P

 Fabric sieve Special: micro sieve and drum sieve are attractive because of low energy 

 Fuzzy filter consumption; in The Netherlands only minor experience on full scale

Removal of colloidal and dissolved matter and microorganisms
Membrane techniques

Microfiltration Purpose: removal of organic and inorganic compounds and pathogens; except  

Ultra filtration microfiltration effective at disinfection

 Nanofiltration Special: high treatment costs, production of a residue (brine); proven technology,  

Reverse osmosis mainly used for water production

Other techniques

Activated carbon filtration Purpose: removal of (hazardous) organic compounds

Ion exchange Purpose: removal of inorganic compounds

Ozonisation Purpose: removal of pathogens

 UV disinfection Special: regeneration and residue (carbon, ion); relatively high treatment costs;  

 Hydrogen peroxide very limited experience on effluent treatment in The Netherlands

General effluent polishing
Reed bed filter (constructed wetland) Purpose: removal of colloidal organic matter (sedimentation), N and P 

 Algae pond (plant uptake), heavy metals (adsorption), addition of oxygen

   Purpose: ‘natural’ bridging of the water quality gap between effluent and surface  

   water (vitalization of effluent)

   Special: large space requirements; no removal of pathogens; possibility of 

   harvesting plants en algae; until now no full-scale experience in The Netherlands
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4.5 SLUDGE TREATMENT

Tabel 4.4. Overview of techniques for sludge treatment.

SYSTEM FEATURES
Physical dewatering (free water)
Gravity-belt thickener Purpose: reduction of water content (sludge volume) in view of successive sludge  

 Centrifuge treatment

Belt-filter press

Biochemical dewatering (entrapped water)
Enzymatic hydrolysis Purpose: reduction of water content by breaking down a complex chemical 

 Thermal hydrolysis structure of macromolecules or the structure of microorganisms

 Disintegration (cavitation) Special: experience in The Netherlands limited. Worldwide experience show 

 Biological techniques possibilities for larger scale sludge treatment 

Organic mass reduction
Mesophylic digestion Purpose: reduction of sludge organic matter and recovery of energy and heat

 Thermophylic digestion Special: the energy produced is mostly applied at the wastewater treatment plant  

 Combined digestion and sometimes elsewhere ; the water separated from digested sludge is rich of 

   N and P. The residue requires final treatment

Final treatment
Composting Purpose: reduction of mass and volume of energy recovery residue

 Thermal drying Experience: mostly direct incineration (sludge only). In some cases first 

 Incineration composting or thermal drying and subsequently co-incineration (domestic waste,  

 Gasification and pyrolysis coal, cement ovens). Pyrolysis, gasification and wet oxidation are not applied

Wet oxidation
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4.6 TREATMENT OF RE JEC T ION WATER

Tabel 4.5. Overview of techniques for treatment of rejection water.

SYSTEM FEATURES
N removal
Sharon process Purpose: removal of dissolved N (ammonia) from water

 De-ammonification (e.g. Anammox) Special: Sharon process requires an external (added) C-source, deammonification  

   processes not; widely accepted as proven technology

N recovery
Steam stripping Purpose: removal of N from water and recovery of N from stripping gas 

 Air stripping (after partial oxidation as NH4NO3)

   Special: in general N is a renewable resource. Recovery from wastewater may not be  

   competitive to other options. Limited experience

P recovery
Crystalactor technology  Purpose: removal of P from water and recovery of P. Recovery as calciumphosphate  

 Struvite reactor grains (Crystal) or magnesiumammoniaphosphate (Struvite)

   Special: reuse may be obstructed by pollution of phosphate produced; 

   high operation costs (Crystalactor) 
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4.7 ENERGY CONVERSION

Tabel 4.6. Overview of techniques for energy conversion.

SYSTEM FEATURES
Basic
Boiler  Purpose: combustion  of digestion gas and recovery of heat for heating purposes

Cogenerator Purpose: combustion  of digestion gas for production of electricity and recovery of  

   combustion heat for heating purposes

   Special: relatively low efficiency at electricity production (35%); contamination of  

   digestion gas

Advanced
Dual fuel Purpose: combustion  of digestion gas for production of electricity and recovery of  

 Cogenerator applying ORC combustion heat for heating purposes

 (organic ranking cycle) Special: higher efficiency at energy production (> 40%); NOx-emission (Dual Fuel),  

 Fuel cell  high costs (fuel cell); all systems require a certain scale; limited experience in 

   The Netherlands

Alternatives
Heat pump Purpose: use of combustion gas heat to produce work

   Special: reuse should be possible in the vicinity of the treatment plant, because of  

   heat losses at transport

Geothermal heat pump Purpose: subsurface storage and use of combustion gas heat

   Special: low thermal efficiency; not applied for wastewater treatment heat in 

   The Netherlands; increasing applications at reuse of other forms of residual heat

Production of green gas Purpose: production of natural gas from digester gas

   Special: maximal thermal efficiency (at direct delivery of gas); the energy required  

   by the wastewater treatment plant has to be purchased
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 OUTLINE OF 2030 WASTEWATER TREATMENT PLANT

5.1 WATER FAC TORY

5.1.1 WATER FAC TORY INSPIRAT ION – DUTCH EXAMPLES

Pretreatment Basic treatment

Rejection water treatment Sludge treatment

AdditivesInfluent

Post treatment

Energy conversion

Residues, sludges, etc.Raw materials 
(water, N, P, Energy)

Figure 5.1. Scheme of various process steps of a wastewater treatment plant, in blue treatment scheme for a Water Factory.
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F 5.2

F 5.4

F 5.3

F 5.5

Figure 5.2. Design of Membrane Bioreactor at wwtp Terneuzen (NWP, 2009).

Figure 5.3. Building of facility for ultrapure water at wwtp Emmen (Kampen Industrial Care, 2009).

Figure 5.4. Reed bed at wwtp Kaatsheuvel (Brabants Dagblad, 2007).

Figure 5.5. Reed beds at wwtp Land van Cuijk (STOWA, 2004).
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5.1.2 EXPER IENCE IN THE NE THERLANDS

A step MBR

Oxidation (O3) Metalsalts + C-source Reverse Osmosis

Contact reactor

Filtration wastewater

Conventional sludge treatment Regeneration of 
Activated Carbon

Reed beds and 
surface water

Boiler feedwater/ 
drinking water

20%

10%

30%

70%

Biological Activated 
Carbon

Filtration 

Figuur 5.6. Water factory scheme by expert group.
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5.2 ENERGY FAC TORY

Pretreatment Basic treatment

Rejection water treatment Sludge treatment

AdditivesInfluent

Post treatment

Energy conversion

Residues, sludges, etc.Raw materials 
(water, N, P, Energy)

Figuur 5.7. Scheme of various process steps of a wastewater treatment plant, in red treatment scheme for a Energy Factory

5.2. ENERGY FAC TORY INSPIRAT ION – DUTCH EXAMPLES
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F 5.8
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Figure 5.8. Co-digestion, de-ammonification (DEMON) and digestion at wwtp Apeldoorn (Waterschap Veluwe, 2009).

Figure 5.9. Wwtp Garmerwolde (Waterschap Noorderzijlvest, 2006).

Figure 5.10. Wwtp Amsterdam-West (Waternet, 2010).

Figure 5.11. Biogas as car fuel at wwtp Beverwijk (HHNK, 2009).

Figure 5.12. Treatment of sludge from wwtp Ede and wwtp Apeldoorn (GMB, 2010).
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5.2.1. EXPER IENCE IN THE NE THERLANDS
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sedimentation
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Figure 5.13. Energy factory scheme by expert group.
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5.3 NUTRIENT FAC TORY

Pretreatment Basic treatment

Rejection water treatment Sludge treatment

AdditivesInfluent

Post treatment

Energy conversion

Residues, sludges, etc.Raw materials 
(water, N, P, Energy)

Figuur 5.14. Scheme of various process steps of a wastewater treatment plant, in green treatment scheme for a Nutrient Factory

5.3.1 NUTRIENT FAC TORY INSPIRAT ION – DUTCH EX AMPLES
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F 5.15
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F 5.16

F 5.18

Figure 5.15. Crystalactor at wwtp Geestmerambacht (Giesen, 2009).

Figure 5.16. Struvite production at wwtp Steenderen (TUDelft/Paques, 2009).

Figure 5.17. The phosphate cycle (SNB, 2009).

Figure 5.18. BCFS reactor at wwtp Deventer (Waterschap Groot Salland, 2009).
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5.3.2 EXPER IENCE IN THE NE THERLANDS

Digestion
NH4PO4

NH4NO3

Sludge 
thickening

Grit chamber Biological 
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P-recovery

Centrifuge
Water

Sludge

Ash
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Post 
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Figuur 5.19. Nutrient factory scheme by expert group.
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ROADMAP

6.1 DES T INAT ION

There will be one institution responsible of the integral urban wastewater management.

It will act as a directing linking pin that cooperates in several strategic alliances, to efficiently treat wastewater and

transform wastes into raw materials and energy.

6.2 ROUTE

Tabel 6.1. Important phenomena.

PHENOMENA MONITORING
Starting-points Will effluent be discharged into surface water or used as a water source?

   Will it be possible to utilize local circumstances in favour of the viability of a kind

   of factory?

Boundary conditions Protection of public health by safe discharge and treatment of human wastes is a

   prime objective 

   Protection of surface water quality and environment by prevention of discharge of

   oxygen demand and nutrients is a second important objective 

   Setting up water, energy and nutrients factories requires a guaranteed sales of

   products 

   Sales requires marketing; this is a new skill that has to be developed

Factors of influence The choice of technology is not only determined by boundary conditions but also

   by effluent quality, costs, energy neutrality and nutrient recovery

Factors that require attention Process steps should be tuned, in order to design a well balanced plant 

   Plants should be flexible (modular), in order to accomodate developments smoothly



36WWTP2030E

6.3 GPS

Tabel 6.2. Future activities.

TOPIC  ACTIVITY
Technology known and proven in  Knowledge and experience is well documented by STOWA

The Netherlands This database should always be consulted

Technology known in The Netherlands but  Participation in an international network

 only proven abroad Excursions

   Development of business cases

   Demonstration projects at a Dutch wastewater treatment plant

Technology known but not proven Similar

Design  Development of existing models for the purpose of design of water, energy and  

   nutrient production
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