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Let‘s Get to Know Each Other!
Interactive Session

Please join our PINGO Session! 

https://pingo.coactum.de/911218

https://pingo.coactum.de/ 
Access code 911218

You might need to refresh your browser window to view the current survey!

QR Code 

or

[0]
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Industrial Wastewater Fundamentals

Technologies Mentioned in BAT

Membrane Processes

AquaSPICE @ DOW Boehlen



Industrial Wastewater 
Fundamentals



Water Use

§ Global water use § European water use

(AQUASTAT, 2015)

69%

19%

12%
21%

57%

22%
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Use of Water in the Industrial Sector

[1]

Cooling Towers

[2]

Cleaning

[3]

Firefighting water

Reaction medium/solvent

[4]

Integral part of the product

[5]

etc…
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Environmental Challenges of Industrial Sector
Regarding Water

§ Water/resource availability § Water/environmental pollution
• Emissions to:

o Water
o Air
o Soil

• Generation of Waste and Noise
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Best Practices in Industrial Water Management

§ Extensive metering and water balances

§ Leak detection

§ Compliant water discharge within limit values, 

specified in regulations

§ Appropriate water and wastewater treatment

techniques

§ Water reuse Digital Innovation
Circular Innovation

Process Innovation 
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Pollutants in Industrial Wastewater I/II

Pollutants (depending on industry):
§ Organic pollutants

§ Human and animal waste

§ Inorganic pollutants

§ Heavy metals 

§ Metal ions 

§ Pesticides 

§ Suspended solids (e.g. sand, clay, colloids)

§ Nutrients (e.g. phosphorus, ammonia)

§ Pathogens (e.g. viruses, bacteria)

§ etc.

[10]
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Pollutants in Industrial Wastewater I/II

Water quality parameters:

§ Physical parameters (e.g. temperature, total 

suspended/dissolved solids (TSS, TDS), electrical

conductivity, color, odor,…)

§ Chemical parameters (e.g. pH, water hardness, 

dissolved oxygen, …)

§ Biological parameters

[6]

[7]

[8]

[9]
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Industrial Wastewater Policies



UN Sustainable Development Goals
Regarding Industrial Water Use

Source: www.un.org

§ Target 12.4: 
“[…] achieve the environmentally sound 
management of chemicals and all wastes 
throughout their life cycle, in accordance 
with agreed international frameworks, and 
significantly reduce their release to air, 
water and soil […].

§ Target 6.3: 
“[…] improve water quality by reducing 
pollution, […] substantially increasing 
recycling and safe reuse globally.

§ Target 6.4: 
“[…] increase water-use efficiency across all 
sectors […] to address water scarcity.
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European Legal Acts

Enforcement of European Directives requires their 
transposition into national law

Competence to issue a framing legislation defining 
minimum requirements

National Law
Federal Law

Possibility to regulate issues which were not addressed 
in the national law, option to adopt more stringent 
standards Regional Law

Levels of European Legislation
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Good water status

Water Framework 
Directive

2000/60/EC

Definition of use related water quality
requirements

Protection of water
quality

Industrial Emissions
Directive (IED)
2010/75/EU

Integrated Pollution 
Prevention and Control 

Directive
96/61/EC

Drinking Water 
Directive
98/83/EC

Groundwater
Directive

2006/118/EC

UWWTD
91/271/EEC

Priority Substances
Decision

455/2001/EC

Environmental 
Quality Standards 

2008/105/EC

1995

2015

2005

2000

2010

Directive
revised

Source: Boymanns, 2001

Overview – EU water legislation
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Water Framework Directive (WFD)
WFD



Directive 2000/60/EC — EU Water Framework 
Directive

§ Aim: Achieving "good status" for all EU ground and surface waters by 2015/2027
§ Background: 

• Natural conditions and water management issues vary greatly across EU
• WFD sets quality goals and methods to maintain  good water quality

§ Strategy: Water management based on river basins
• Set reference conditions and monitor status of water
• Assess impact of human activity 
• Full cost recovery of water services, polluters pay principle
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WFD

European River Catchments

[11]
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WFD

Ecological status of EU Surface Water Bodies

[12]
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WFD

Ecological status of EU Groundwater Bodies

[12]
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Directive 2000/60/EC — EU Water Framework 
Directive

§ Aim: Achieving "good status" for all EU ground and surface waters by 2015/2027
§ Background: 

• Natural conditions and water management issues vary greatly across EU
• WFD sets quality goals and methods to maintain  good water quality

§ Strategy: Water management based on river basins
• Set reference conditions and monitor status of water
• Assess impact of human activity 
• Full cost recovery of water services, polluters pay principle

§ Review (December 2019)
• Room for improvements (investments, implementation, …)
• WFD achieved higher quality level of water bodies 
à contribute to achieving SDGs

§ Proposal for revision (adopted in October 2022)
• Updated list of pollutants 22



Industrial Emissions Directive (IED)
IED



Directive 2010/75/EU — on Industrial Emissions

§ Aim: Achieve a high level of environmental protection from industrial activities

à All appropriate preventive measures are taken by applying the best available techniques 
(BAT)

§ Sectors:
• Energy
• Chemicals
• Metal production and processing
• Waste management
• Etc.

§ Operator obligations:
• Prevent/reduce industrial emissions into air, water and land
• Avoidance of waste production, recycling where possible, 

disposal while avoiding any impact on the environment
• Efficient use of energy

24



Best Available Techniques



Best Available Techniques (BAT)

§ Definition of the European Commission for Best Available Techniques (BAT)

• Most effective and advanced stage of operation methods which indicate the practical
suitability of particular techniques to prevent or reduce emissions.

• Best = Most effective in achieving a high level of protection of the environment as a 
whole.

• Available = Implementation in relevant industrial sector feasible under economically and 
technically viable conditions.

• Techniques = Both the technology used and the way in which the installation is designed, 
built, maintained, operated and decommissioned.
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BAT-Video

https://www.youtube.com/watch?v=d2kprBd8Tk0 27



Goals of BAT Concept

Local level goal: provide guidance for governments to identify permit 
conditions for industry (BAT-based permitting), e.g.:

• Emission level values (obtained under normal operating conditions using BAT or a 
combination of BAT)

• Technical requirements
• Plant/production management requirements
• Plant/production monitoring requirements (for emissions, consumption of resources and 

waste generation)

Global level goal: harmonize procedures and 
technologies

Prevention and control of industrial pollution to 
protect human health and the environment across 
countries

28



How to Determine BATs in the EU - Sevilla Process

Industry 

Government 

NGOs 

Technical 
Working Group 

(TWG)

Information collection
Evaluation of techniques

and data

Environmental permits
BAT reference documents
including emission levels

(BREFs) 
29



Exemplary BREFs for Industrial Water Treatment
Depending on Sector/Topic

§ Cooling
§ Chemical industry
§ Waste

Industrial Cooling Systems (2001) Chemical Sector (2016) Waste Treatment (2018) 30



Example: BREF on Waste Treatment (WT)
Wastewater treatment

BREF WT content:

§ Scope
§ General Information

• Types of wastewater in EU
• Economics of waste treatment sector
• …

§ Processes and techniques commonly used for
waste treatment

§ BAT conclusions, including
• BAT for wastewater treatment
• BAT-associated limit values (BAT-AEL)
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BAT Conclusions

… …

§ BAT for wastewater treatment § BAT-associated emission levels (BAT-
AEL)
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BREF for Waste Treatment 2018
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How Does (Waste)Water Treatment Work?
Typical Treatment Schemes

Quaternary
treatment

Tertiary
treatment

Secondary
treatment

Preliminary & 
primary

treatment

Waste
water

Receiving
water body

Sludge
treatment

Solids (& organics)
removal

Biodegradation
& nutrient

removal
Polishing &
disinfection

Energy recovery

Micropollutant
removal

DisinfectionFiltrationCoagulation/ 
flocculationOxidation

Water
source

Drinking
water

Organics
reduction
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Solids Removal and Physical Separation in 
Typical Water Treatment Schemes

Quaternary
treatment

Tertiary
treatment

Secondary
treatment

Preliminary & 
primary

treatment

Waste
water

Receiving
water body

Sludge
treatment

Solids (& organics)
removal

Biodegradation
& nutrient

removal
Polishing &
disinfection

Energy recovery

Micropollutant
removal

DisinfectionFiltrationCoagulation/ 
flocculationOxidation

Water
source

Drinking
water

Organics
reduction
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Suspended Solids in Wastewater
Pollutant particle sizes

mm nmdecreasing particle size/
increasing difficulty to remove particle

ColloidsSand and grid Organic matter, silt, clay

The smaller a particle the harder it is to remove from water!
àIdea: Clumping of small particles (colloids) to create bigger agglomerates that are easier to
remove
à Done in preliminary treatment step: Coagulation/Flocculation
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Coagulation/Flocculation

Suspended colloids Agglomeration
Flocculation/

Sedimentation Treated Water

[13]
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Coagulation/Flocculation within General Treatment 
Scheme

§ Basic steps: Coagulation        à       Flocculation   à    Solid-liquid-
separation

Filtration

Flotation

Sedimentation

Ra
w

 W
at

er

Tr
ea

te
d

W
at

er

Coagulation
tank

Flocculation
tank

FlocculantCoagulant
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Wastewater feed

Clarified
water

Sludge

Sedimentation

§ Separation principle: Density difference 
• …between suspended solids and liquid 

phase

§ Driving force: Gravitation
• Separation occurs when:                 
𝑡𝑟𝑒𝑠𝑖𝑑𝑒𝑛𝑐𝑒 > 	𝑡𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛

• Crucial parameter: terminal sedimentation 
velocity 𝒗𝒔

§ Minimal particle size: 100 µm 
• Economically feasible separation of smaller 

particles by flotation or deep bed filtration

§ Used for pre- and post clarification 
basins

𝐹𝐺

FB	 FD	

𝑔

FI	

𝜌𝐿

𝜌𝑆𝑑

𝑣𝑠 Force balance on particle: 
 𝐹𝐺 = Gravitational force 
𝐹! = Buoyancy  
𝐹" = Drag (or resistance)
𝐹# = Inertial force 39



Flotation

§ Adhesion of suspended on rising gas 
bubbles 

à Separation due to density difference
§ Precondition: 

• Hydrophobic surface of pollutant
• Gas insoluble in water

§ For particles < 100 µm

Gas suction

Pipe from
recirculating
pump

Froth discharge

Froth

40



Filtration

§ Separation based on particle size 
and resulting steric hindrance by a 
liquid-permeable filter medium

§ Types of filtration

• Depth-filtration 

• Surface filtration: additional      
retention by the filter cake

§ Filter media examples:
• Sand, Gravel, Anthracite,…
• Cloth, woven fibres,..
• (Biologically activated) carbon
• Multimedia filtration

Wastewater Feed

Filtrate

Anthracite

Sand

41



How Does (Waste)Water Treatment Work?
Typical Treatment Schemes

Quaternary
treatment

Tertiary
treatment

Secondary
treatment

Preliminary & 
primary

treatment

Waste
water

Receiving
water body

Sludge
treatment

Solids (& organics)
removal

Biodegradation
& nutrient

removal
Polishing &
disinfection

Energy recovery

Micropollutant
removal

DisinfectionFiltrationCoagulation/ 
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Water
source

Drinking
water
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42



Precipitation

§ Goal: removal of dissolved pollutants, e.g. heavy metals or nutrients like 
phosphate:

1. Chemical reactants, so called precipitants, are added to wastewater to have a chemical 
reaction with the dissolved pollutants

2. The resulting compounds have a low solubility in water and are therefore present in an 
undissolved, solid state

3. The solid product, called precipitate, can then be removed by mechanical processes (e.g. 
filtration)

Precipitant

Precipitate

Undissolved
solids

Wastewater with
dissolved pollutants
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How Does (Waste)Water Treatment Work?
Typical Treatment Schemes

Quaternary
treatment
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treatment
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Oxidation

§ Oxidation = chemical reaction
• Powerful oxidizing agents break down suspended or dissolved, mostly organic 

pollutants (reducing agents) into simpler, less harmful forms.

§ Pollutant examples: 
• Pharmaceutical residues, Biocides, …

§ Oxidizing agents: 
• O3, H2O2 (, O2)

§ Technologies:
• Ozonation, Advanced Oxidation Processes
• Wastewater Incineration

àOxidation ≠ complete removal
O

OO
O O

45



More Technologies 

Adsorption Processes Thermal ProcessesBiological Processes

Activated Carbon Filtration

Ion Exchange

Distillation, Rectification

Activated Sludge

Membrane Bioreactor

Membrane Processes

[17]
[14]

[15]

[16]

[18]
[19]

[20]
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In a Nutshell…

The choice of industrial (waste)water treatment technologies and the combination thereof depends
on the (waste)water composition and characteristics, (waste)water volume, the desired quality of the
treated water, regulations, resuse and recycling goals,  feasibility, etc.

[21]

47



Advancing Sustainability of Process Industries through Digital and Circular Water Use Innovations

The AquaSPICE project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 958396.

Membranes
Summer School 2024

Laurence Palmowski & Team



Content

§ Membrane Fundamentals

§ Membrane Processes

§ Economic Considerations

§ AquaSPICE Case Study 1: Dow Boehlen
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Membrane Fundamentals



What are Membranes?

§ Membranes :
• Thin selective barriers designed to separate or filter substances based on size, charge, or 

other specific properties 
• Synthetic membranes can be made of organic and inorganic materials, mostly polymers

Electrodialysis membrane (left) and electrodialysis stack (right)

[22]

Hollow fibre membranes (left) and hollow fibre membrane module (right) 

[23]
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Membrane Process Terminology

Membrane

Feed Retentate

PermeateSelective mass transport

Wastewater
Concentrated
Wastewater

Water to
Reuse

§ Different driving forces for mass transport through membrane
• Pressure Δp driven membrane processes, e.g. Micro-, Nano-, Ultrafiltration, Reverse Osmosis
• Electrochemically ΔU driven membrane processes, e.g. Electrodialysis
• Temperature ΔT driven membrane processes, e.g. Membrane Distillation

p

52



Membrane Applications in Industry

Preventing or mitigating 
emissions from industrial 
processes (wastewater 
treatment) [24]

Enabling the recovery of valuable 
resources from industrial process 
streams (water, heat, solvents or 
other raw materials)

[25]

[26]

Promoting energy savings in industry

53



Important Parameter for Membrane Processes I/II

Feed Retentate

Permeate

Parameter:
m – mass flow rate [kg/h]
Q – volumetric flow rate [L/h]
A – membrane surface area [m2]
C – solute concentration [g/L]

Indices:
F – feed
P – permeate
R – retentate
i – substance i
j – substance j

�̇�3 = (�̇�4 + �̇�5 )
67
8

𝐹 =
𝑄!
𝐴

𝐿
𝑚" ∗ ℎ

Mass Balance

Membrane Flux

(Water) Recovery 𝑟 =
𝑄5
𝑄3

∗ 100 %

(Solute) Rejection 𝑅 =
𝐶3 − 𝐶5
𝐶3

∗ 100 %

𝐹

𝑆#$ =
,𝐶#!
𝐶$!

,𝐶#%
𝐶$%

Selectivity

𝑚5

𝑚4

𝑚3

𝑄3

𝑄5
𝐶5

𝐶3
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Membrane Structures

Porou
s

Dense Asymmetric

Selective
layer

Porous
support

Feed FeedFeed

Separation by Sieve Effect Separation by Solution-
Diffusion Mechanism
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Membrane Morphology
Asymmetric Membranes

Why asymmetric membranes?

Requirement High permeate flow

Consequences Thin selective layer

Problem Low mechanical stability

Solution

𝑭𝒍𝒖𝒙 ~
𝟏

𝑴𝒆𝒎𝒃𝒓𝒂𝒏𝒆 𝒕𝒉𝒊𝒄𝒌𝒏𝒆𝒔𝒔

= very thin and selective layer + thick and porous supporting layer

Asymmetric membrane
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Membrane Configurations

Permeate

Membrane

Feed

Frame

Plate and Frame Tubular Capillary/Hollow fiber Spiral wound
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Membrane Module
Scheme of a Capillary Module

Casing pipe
Membrane

Resin

Feed Retentate

Permeat
e
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Pressure Driven Membrane Processes

59



Principle of Pressure Driven Membrane Processes

Feed

Permeate

Retentate

Pressure

Microfiltration:

Particles, algae,            
protozoa, bacteria

Ultrafiltration:

Viruses, colloids, 
macromolecules

Nanofiltration:

Dissolved, org. substances,   
divalent ions

Reverse Osmosis:

monovalent ions, small 
molecules

 

Membrane pF > pp

pp

pF
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Classification of Pressure Driven Membrane Processes

61



Dead-End 

Operational Modes

Cake layer

Permeate pP

Feed pF

Crossflow

Membrane

Feed pF

Cake layer

Membrane

Permeate pP

pF,pR > pp pF > pp

Retentate pR

∆𝑝9:;<=>?>@:;<?=
𝑝3 − 𝑝4

2 − 𝑝𝑃 ∆𝑝9:;<=>?>@:;<?= 𝑝𝐹 − 𝑝𝑃
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Performance Limiting Phenomena
Membrane Fouling 

Backwashing,
Chemical Cleaning[27]

[27]

§ Membrane Fouling is the buildup of undesirable substances or particles on the 
membrane, impeding its filtration efficiency

§ Classification of fouling 

Organic fouling Inorganic fouling

Collodial fouling Biofilms
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Backwashing I/II

Membrane Membrane

Feed

In operation Backwashing

Blocked!

Backwash

Cake layer
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Backwashing II/II
Module-scale Backwashing

Casing pipe

Back flush

65

Feed Retentate
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Membrane Cleaning

Pe
rm

ea
te

Fl
ow

ra
te

(fl
ux

)

Time

Irreversible loss of permeability

Recovery resulting
from backwashing

Recovery resulting
from chemical
cleaning
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Micro- and Ultrafiltration



Micro- and Ultrafiltration

[28]

[29]

[30]
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Main Applications of Micro- and Ultrafiltration
Examples

• Leachate treatment

• Concentration of 
aqueous coating from 
spray booth water

Environmental engineering Metalworking industry

Pharmaceutical industry Food industry

• Concentration of 
oil/water emulsion

• Treatment of 
degreasing baths

• Purification of 
antibiotics

• Concentration, 
separation and 
purification of vaccines 
and enzymes

• Concentration of 
gelatin and chicken 
proteins

• Clarifying filtration of 
wine

[31] [32]

[33]
[34]
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Membranes for Microfiltration
SEM Images

Symmetric polysulfone membranes: pore structure

70



Membranes for Microfiltration

Exemplary pore size distribution of microfiltration membranes

Pore diameter  d

[%
]

[µm]
0.00 0.05 0.10 0.15 0.20 0.25 0.30
0

2

4

6

8

10

12

Po
re

 s
iz

e 
di

st
ri

bu
tio

n
Nominal

pore diameter:

d    ≈  0.12 µmN
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Module Design for Micro- and Ultrafiltration
Capillary/ Hollow Fiber Module

§ Hollow fiber module

Housing Potting
 (resin)

Hollow fiber

Feed: lumen side Feed: shell side

Feed

Permeate Feed

Permeate

Permeate Feed

72



Plants for Micro- and Ultrafiltration
Drinking water treatment 300 m³/h using ultrafiltration in Grundmühle waterworks

Many modules are assembled to 
so called racks or stages.

[19]
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Nanofiltration (NF) 
and Reverse Osmosis (RO)

RO
NF



Principles of Reverse Osmosis

Membrane

Osmosis :     Dp < Dp

Dp

low concentration

high concentration 

Reverse osmosis:      Dp > Dp

Dp   Osmotic pressure
Dp   Hydrostatic pressure
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Modeling of the Mass Transport in Membranes

0.0001 0.001 0.01 0.1 1 10 100

Particle or molecule diameter dP [μm] 

Macromolecules Yeast cell

Viruses BacteriaSalts

Reverse osmosis

Microfiltration

Ultrafiltration

Nano-
filtration

Solution-Diffusion 
membranes

Porous membranes

Membrane Process

Membrane Type/ 
Mass Transport Type

Retained substances
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Models for the Mass Transport Through Membranes

• Ultrafiltration
• Microfiltration
• Nanofiltration

Porous
membrane

• Reverse osmosis
• Pervaporation
• Gas permeation

Solution-diffusion
membrane

w
iP

w
iF

• Reverse osmosis
• Electrodialysis
• Pervaporation

• Microfiltration
• Ultrafiltration
• Nanofiltration

ciF

ciP

77



Design of a Spiral Wound Membrane Module

Feed

Permeate

Feed

Retentate flow

Permeate flow

Permeate collection pipe
Retentate

Retentate

Permeate

Spacer

Spacer

Membrane

Membrane

Height of feed channel fixed due to spacer:  0.5 - 1.0 mm

RO/NF Modules: Spiral Wound Membrane Module
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Example: RO for Seawater Desalination

§ NAQA’A      
Desalination Plant 
(UAE)

§ Desalination capacity  
> 600 000 m3/day

[35]
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Exemplary Membrane Process Flow Chart

Wastewater

Depth or surface
filtration

Feed water pretreatment
and conditioning Nanofiltration Posttreatment

Permate

Retentate to brine
managment

Disinfection and pH 
stabilization

Water to
reuse
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Factors Influencing the Performance of
Membrane Modules

Membrane permeability
• Reversible cake layer
• Membrane fouling
• Membrane aging

Filtering membrane area
• Module blocking due to high particulate concentration
• Blocking/Accumulation of sludge

Chemical cleaning
• Cleaning agents
• Cleaning frequency
• Cleaning parameter

Plant design
• Operation parameter
• Module rinsing
• Chemically supported cleaning  

Feed (pretreatment)
• Feed components and concentrations
• Dissolved substances, colloids
• pH-Value, conductivity
• Pretreatment, Flocculation

Operation and feed parameter

Characteristics of membrane module

Performance of membrane modules

Characteristics of membrane
• Morphology and structure
• phys.-chem. properties
• chem./mech./therm. stability 

Module design
• Feed-side hydrodynamics
• Packing density/Dead zone
• Backwash ability 
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Common Properties of Membrane Processes

§ Limited selectivity ( effective for large classes of compounds)
§ Modular construction 

• Scalable and easily expandable

§ Relatively compact compared to sedimentation
à Low footprint

§ Only separation, no elimination of pollutants 
à Treatment/disposal of pollutant-rich concentrate is needed

§ Moderate energy demand
• Yet critical for cheap products, such as water

§ Large contact surface 
à Membrane fouling and durability are critical aspects 
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Economic Considerations



Technical and Economic Aspects
Different Levels of Process Development

Membrane element 

resp.

PermeateFeed

resp.

𝑥$ , 𝑥%

𝑤$& , 𝑤%&

𝑦$ , 𝑦%

𝑤$', 𝑤%'

�̇�$
((

�̇�%((

�̇�'
((

Module

x/L

z/L

Membrane

z dz
Concentrate

Feed

Permeate

�̇�& �̇�)

�̇�'

�̇�!
𝑤!

𝑝!

𝑝"

Module arrangement

Concentrate

Feed

Permeate

�̇�&

𝑤&

�̇�) , 𝑤)

�̇�' , 𝑤'

Full process

RO

Destillat

Evaporation

Feed

Concentrate

Permeate
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Limiting Factors of Membrane Processes

- Acid, alkaline solution
- Free chlorine
- Free oxygen
- Organic solvent
- Bacteria

Fouling

- CaSO4
- CaCO3
- CaF2
- BaSO4
- SiO2
- SrSO4
- Mg(OH)2

- Osmotic pressure
- Viscosity

Limiting factors

Performance reductionBlockingAgeing

Scaling

- Metal oxides
- Colloides
- Biological substances
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Viewpoints of Module Development, Choice and 
Operation

Minimum 
cost of operation

Module
Development

Choice

Operation
Danger

of blocking
Economic

production
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Demands on Module Construction

§ Economic production:

§ Minimum cost of operation:

§ Low danger of blocking:

• High packing density
• Low-cost materials that guarantee  sufficient 

thermal, chemical and mechanical stability

• Low pressure drop
• Low energy demand
• Good cleaning performance
• Cost-efficient membrane change

• High load capacity for solids
• Steady flow
• Prevention of dead zones
• Prevention of channeling 87



Technical and Economic Aspects

§ Shares of operation cost of membrane plants

Membrane replacementDepreciation

Energy

ConcentrateChemicals

Insurance/Buildings

Maintenance
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Literature Reference: Membrane Processes

ISBN 978-3-540-34328-8

The material on membrane processes
presented is partially based on the book
„Membranverfahren“
and course material of Aachener 
Verfahrenstechnik (AVT RWTH Aachen), 
which are kindly acknowledged.
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Assessment of
Cooling Tower Blowdown Reuse Feasibility

at Chemical Industrial Site
Sarah Isabell Müller, Eduard de las Heras García, Lies Hamelink, David Moed, Lisa Wyseure, Ivaylo Hitsov,

Gergana Chapanova, Thomas Diekow, Christian Kaiser, Laurence Palmowski, Thomas Wintgens



Dow Chemical Company Introduction
Quick Facts

§ Dow Chemical Company
• Founded in 1897
• Multinational corporation, headquarters in Midland, Michigan (USA)
• Products:

o Basic and performance plastics
o Basic and performance chemicals
o …

• Target industries/applications:
o Automotive
o Construction
o Pharmaceutical
o Agriculture
o …

@ Terneuzen, The Netherlands
@ Boehlen, Germany

[36]
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Water Stress in Germany
Current Drought Map of July 2023

Abnormally dry
Moderate Drought
Severe Drought
Extreme Drought
Exceptional Drought

Pilot Trials at                 Böhlen
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Water Usage in the Chemical Industry

Water
Intake

Cooling Towers (≈ 60 
%)

Evaporation (≈ 45 
%)

Cooling Tower 
Blowdown (≈ 15 
%)

According to AquaSPICE D2.2 (2021)

Steam System (≈ 30 %) 

Processes (≈ 10 %)

Water
Treatment
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Evaporation
& Drift

Cooling Tower 
Blowdown (CTBD)

Cooling Tower Make
Up (CTMU)

+ Antiscalants
+ Anti-corrosive
+ Biocides

Conductivity = const.

Cooling Tower Blowdown
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Options for Water Use Minimization

Raw Water

Cooling Tower 
Make Up 

Treatment

Cooling 
Tower Make

Up Cooling 
Tower 

Blowdown
Wastewater
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Evaporation 
& Drift

Cooling Tower 
Blowdown Treatment

Reuse in other
processes

Wastewater

Intensified Cooling Tower 
Make Up Treatment

Reduced
Cooling Tower 

Blowdown

Option 1

Option 2



Trials: Cooling Tower Blowdown (CTBD)

Biologically
Activated

Carbon Filtration
Ultrafiltration

96

Reuse

Mixed Bed
(Ion Exchange)

Reverse Osmosis

Average CTBD 
Quality:pH 7

Turbidity 7 NTU

EC 1950 µS/cm

TOC 22 mg/L

Targets:

Water
Efficiency

Water
Quality

Boiler Feed 
Water:
TOC < 0.2 mg/L
EC < 0.2 µS/cm

Cooling Tower 
Make Up Water:
TOC < 3 mg/L
EC < 500 µS/cm



Trials: Pre-Treatment

§ 3 cylindrical columns
operated in series (50 L), 
top down

§ Biologically activated GAC 
(NORIT GAC 830 W)

§ Volume Flow: 500 L/h

§ Filtration Velocity:  15 
m/h

§ EBCT: 5 min per column

Biologically
Activated

Carbon Filtration
Ultrafiltration
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Reuse

Mixed Bed
(Ion Exchange)

Reverse Osmosis

Average 
Quality

Rejection

TOC 16 mg/L ≈ 20 %

EC 2 mS/cm -

Turbidity 3 NTU ≈ 55 %

Specific Energy Consumption: 
≈ 0.04 kWh/m³

Water Recovery: 99.9 %



Trials: Pre-Treatment

§ 2 modules of 4“ inge dizzer® P Multibore® 0.9 
membranes operated in parallel (dead-end)

§ Permeate Flux: 35 LMH

§ Filtration Time: 30 min

§ Backwash Time: 15 s

§ Forward Flush Time: 30 s

Biologically
Activated

Carbon Filtration
Ultrafiltration
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Reuse

Mixed Bed
(Ion Exchange)

Reverse Osmosis



Trials: Pre-Treatment

Biologically
Activated

Carbon Filtration
Ultrafiltration
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Reuse

Mixed Bed
(Ion Exchange)

Reverse Osmosis

Average 
Quality

Rejection

TOC 14 mg/L ≈ 10 %

EC n.a. -

Turbidity 0.5 NTU ≈ 80 %

Day
 7

Day
 14

Day
 21

CIP UF

Specific Energy Consumption: 
≈ 0.04 kWh/m³

Water Recovery: 95.4 %
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Trials: Desalination

§ 4“ module DuPont FilmTecTM LCLE-4040 (8.7 m²):
• Partial Recirculation of Concentrate: higher system recovery

§ Module Feed Flow: ~ 1100 L/h

§ Permeate Flux: 20 LMH

§ Feed adjustments:
• 20 w-% HCl for pH (pH = 6.1)
• Antiscalant (Genesys LF: 4 mg/L to Feed)

Biologically
Activated

Carbon Filtration
Ultrafiltration
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Mixed Bed
(Ion Exchange)

Reverse Osmosis

Reuse



Average 
Quality

Rejection

TOC 0.1 mg/L ≈ 99.3 %

EC 80 µS/cm ≈ 96 %

Turbidity 0.2 NTU ≈ 60 %

Trials: Desalination

Biologically
Activated

Carbon Filtration
Ultrafiltration
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Mixed Bed
(Ion Exchange)

Reverse Osmosis

Reuse

CIP RO

Day
 7

Day
 14

Day
 21

Specific Energy Consumption: 
≈ 2 kWh/m³

Water Recovery: 75 %
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Average 
Quality

Rejection

TOC 0.05 mg/L ≈ 50 %

EC 0.2 µS/cm ≈ 99 %

Turbidity n.a. -

Specific Energy Consumption: 
≈ 0.02 kWh/m³

Water Recovery: 99 %

Trials: Desalination

§ Resin: AmberliteTM MB20
§ 1 day operation (till

exhaustion)
§ Throughput: 16 BV/h

§ Filtration velocity: 22 m/h

Biologically
Activated

Carbon Filtration
Ultrafiltration
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Reverse Osmosis

Reuse

Mixed Bed
(Ion Exchange)



TO
C 

22
 m

g/
L

16
 m

g/
L

14
 m

g/
L

0.
1 

m
g/

L

0.
05

 m
g/

L

Summary: Targets

Biologically
Activated

Carbon Filtration
Ultrafiltration Reverse Osmosis

Reuse

Mixed Bed
(Ion Exchange)
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Water
Efficiency
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Conclusion

§ Total treatment train operated with 71 % Water Recovery
• Cooling tower‘s water footprint reduction of > 15 %

§ Recommendation: Reuse of treated water as boiler feed water (high 
quality even of RO permeateà boiler feed water (deionate) is more
valuable)

§ Good operational stability of all technologies was shown

§ Barrier for implementation: Effects of reduced and more concentrated
water amount on receiving water bodies need to be studied

Biologically
Activated

Carbon Filtration
Ultrafiltration Reverse Osmosis

Reuse

Mixed Bed
(Ion Exchange)
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