
Strategic Plan Water supply (SPW)

Removal of As(III) using BWRO

Challenges of using brackish water as a source for drinking water:

*: Brackish Water Reverse Osmosis

*
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Hello, nice to meet you!
Meet the Brabant Water team:

Tim van Dijk
Senior process 
engineer

Amir Haidari
Advisor water 
technology & 
researcher at 
TU Delft

Jannes van Hove
Senior strategist

Vincent de Laat
Business developer

Yasmine Wiersema
Project manager

and your host for 
today 😊

Teun de Zeeuw
Advisor water 
technology
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Who are you?
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Outline of today
09:00 – Opening and introduction
09:10 – Case introduction
09:20 – Break-out session
09:50 – Group presentations
10:00 – Discussion & vote
10:15 – Wrap-up (any other business)
10:20 – Closing



The future of Brabant Water
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Our ambition: to deliver and keep delivering drinking 
water of excellent quality to our customers, 24/7/365

Challenges
• Increase in demand
• Sources under pressure – lack of sources
• Quality of our sources decreases
• Reaching the limits of our capacity
Solution (one of many)
à Develop additional, alternative sources: 

brackish water and sea water à brackish 
water plant due before 2030! (5 mil. m³/y)
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But Noord-Brabant is not located at sea…

…true. But we do have
The Oosterschelde and
Westerschelde!

Project location brackish 
groundwater

Project location seawater
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Today’s case study
In a nutshell
• The Challenge: our brackish groundwater contains arsenic. Quite a lot.
• Proposed solution: we thought of 2 ways of removing arsenic.
• Workshop: please discuss and reflect on our proposal. What are pros and cons? 

Do you have any better ideas? We share and vote.

P.S.
Not a die-hard process engineer? Don’t worry! You can think of any topic, like 
sustainability, costs, environmental impact, governance, … to base your pros and 
cons on. Use your group members for discussion!



Water Quality - Arsenic challenge
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Brackish groundwater quality Drongelen Goal
pH pH-units 7,93 7,8-8,3

Hydrogen bicarbonate mg/l HCO3 288 >75
Sodium mg/l Na 242 <75
Chloride mg/l Cl 384 <75

Iron µg/l Fe 733 <10
Manganese µg/l Mn 557 <10
Ammonia mg/l NH4 1,8 <0,005

Arsenic µg/l As 49,2 <1
Calcium mg/l Ca 27,0 Nr

Magnesium mg/l Mg 41,3 Nr
Boron µg/l B 473 <500

Osmotic pressure bar 0,8

Tricky part: there are two types of 
arsenic: As(III) and As(V)
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Why is this a challenge?
• As(III) removal in reverse osmosis is unknown, relatively low (40-80%) 

depending different factors such as pH, ionic strength, other ions.

• Strict guidelines: our goal limit for drinking water is very low, 1 μg/l (WHO=10μg/l)
• Discharge limit (concentrate stream) is 10 μg/l

→ Extra treatment step(s) required

As(III) has no charge and 
is therefore poorly 
removed in RO 
membranes. It has to be 
oxidized or pH must be 
increased

As(V) always has a charge 
and is therefore removed 
in RO membranes
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Our proposed solutions
Our team came up with two possibilities to use RO for removing arsenic(III):
• Anaerobic RO treatment with double pass
• Aerobic RO treatment

Other research themes (not for today’s workshop):
• Remineralisation (necessary after RO)
• Treatment of concentrate



Solution #1: Anaerobic RO – double pass

RO

NaOH

ROAs (III) = 50 μg/l
Cl = 400 mg/l

Concentrate:
As (III) = 125
Cl = 1576

As (III) = 25
Cl = 8 

As (III)- = 25
Cl = 8

Concentrate: 
As (III)- = 175
Cl = 56

As (III) = 0,5 μg/l
Cl = 0,16 mg/l

As (III) = μg/l
 Cl = mg/l

50% 98%



Solution #2: Aerobic RO

RO
Aerat
ion

Rapid 
Sand 

Filtration

As (III) à As (V)

As (III) = 50 μg/l
Cl = 400 mg/l

As (V) = 47,5
Cl = 400 As (V) = 0,95 μg/l

Cl = 8 mg/l

Additional advantage: no Fe, Mn and NH4 in RO concentrate stream

Concentrate:
As (V) = 178
Cl = 1576

As (III) = μg/l
 Cl = mg/l

Flush water:
Fe, Mn, NH4, 
…



Break-out session
• Forming groups
• Use sheet to brainstorm 

about the solutions

• ⏰ 9:50 à One member 
of each group presents 
their findings
in 1 minute

Aerobic Anaerobic Other

Pros
Advantages

Cons
Disadvantages

Remarks
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Practical questions?

Zijn er nog vragen?



Pilot Aerobic

RO
Aerat

ion RSF

As (III) à As (V)

As (III) = 50
 Cl = 400

As (V) = 47,5
 Cl = 400

As (V) = 0,95
 Cl = 8

Additional advantage: no Fe, Mn and NH4 in RO concentrate stream

As (V) = 178
 Cl = 1576



Pilot Anaerobic - IEX

RO

NaOH/HCl
conditioning?

Locatie 
MgCl2 

dosering

NaOH CO2

Product 

Marmer BOT

Drinking water  
Genderen

Mixing 
tank

RO                                                      Nazuivering                                              Remineralisatie

Aerat
ion

As = 50 30-40% retentie As= 30-35     95% retention        As = 1,5 

FeCl2 ?

IEX



Pilot Aerobic with IEX

RO Product 

Drinking water  
Genderen

Marmer

Aerat
ion RSF Mixing

NaOH/HCl
conditioning

Location 
MgCl2 dosing

Voorzuivering                                       RO                                                        Remineralisatie

As = 50 2,5-5ug/l removal     As= 45       95-99% retentie    As = 1 

IEX
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Full-scale set-up

Genderen 
5 miljoen m³/jaar

Drongelen 
3 miljoen m³/jaar

Brak water 
8,3 miljoen m³/jaar

Zuivering WPB 
Genderen

13 miljoen 
m³/jaar

Reststroom

3,3 miljoen 
m³/jaar

1 – 2 – 3 – 4 – 5 – 6 – 7

• Buy land for abtraction field at Drongelen 
• Transport pipeline to the treatment plant at Genderen
• 1 large treament plant for both sources
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Two locations



Pilot Anaeroob

RO

NaOH/HCl
conditioning

Location 
MgCl2 dosing

Product 

Marmer BOT

Drinking water 
Genderen

Mixing 
tank

RO        Remineralisatie

Aerat
ion

As = 50 30-40% retention As= 30-35
As = 25 30-40% retention As= 10-15 à

FeCl2 ?

From 
10ug/??

Average



Pilot Anaerobic

RO

NaOH/HCl
conditioning

Location 
MgCl2 

dosering

Product 

Marmer BOT

Drinking water 
Genderen

Mixing 
tank

RO                                                      Nazuivering                                              Remineralisatie

Aerat
ion

Sulfide?

Oxidator?

Membrane 
type?

As = 50 80-95% retention As= 2,5-10

FeCl2 ?

ß Input from KWR
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Pilot installation
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2022 2023 2024 2025 2026 2027 2028

2022 2023 2024 2025 2026 2027 2028

Definition

IBS 
pilot

Research phase 1
Choice anaeroob of 

aeroob

Research phase 2a
Operational design

Research phase 2b
Concentrate treatment

Realisation

Determine design 
parameters



Questions?

Zijn er nog vragen?



Aeration
Sand 

Filtration

Reverse 
Osmosis

Marmer
Filtration

Drinking 
water

Concentrate

Pre-treatment Remineralisation

Brackish 
ground 
water

Reverse 
Osmosis

Reverse 
Osmose

RO

Onderzoekslijnen
Aeroob

Anaeroob

Concentraat- 
behandeling

Aeration
+ Mixing
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Lozingsopties
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Reststroom / concentraat 

- 307 m3/uur gemiddeld (2,7 Mm3/jaar)

Reststroom Genderen en Drongelen (recovery 65%) Genderen Drongelen

Zuurgraad pH-eenheden 7,86 8,09

Waterstofcarbonaat, gefiltreerd mg/l HCO3 576 751
Natrium, gefiltreerd (ICP-MS) mg/l Na 5.091 681
Chloride, gefiltreerd mg/l Cl 9.493 1.085
IJzer, gefiltreerd (ICP-MS) µg/l Fe 3.128 2.091
Mangaan, gefiltreerd (ICP-MS) µg/l Mn 1.065 1.590
Ammonium, gefiltreerd mg/l NH4 23 5
Arseen, gefiltreerd (ICP-MS) µg/l As 71 139
Calcium, gefiltreerd (ICP-MS) mg/l Ca 265 77
Magnesium, gefiltreerd (ICP-MS) mg/l Mg 470 118
Boor, gefiltreerd (ICP-MS) µg/l B 5.077 1.089
Osmotische druk bar 13,4 2,1



Handout Water quality
Brackish groundwater quality Drongelen Goal Concentrate

pH pH-units 7,93 7,8-8,3 8,09
Hydrogen bicarbonate mg/l HCO3 288 >75 751

Sodium mg/l Na 242 <75 681
Chloride mg/l Cl 384 <75 1.085

Iron µg/l Fe 733 <10 2.091
Manganese µg/l Mn 557 <10 1.590
Ammonia mg/l NH4 1,8 <0,005 5

Arsenic µg/l As 49,2 <1 139
Calcium mg/l Ca 27,0 Nr 77

Magnesium mg/l Mg 41,3 Nr 118
Boron µg/l B 473 <500 1.089

HANDOUT



Handout Pilot Anaerobic RO – double pass

RO

NaOH

ROAs (III) = 50
 Cl = 400

As (III) = 125
 Cl = 1576

As (III) = 25
 Cl = 8 

As (III)- = 25
 Cl = 8

As (III) = 175
 Cl = 56

As (III) = 0,5
 Cl = 0,16

HANDOUT

RO feed (1) RO (1) 
permeate

RO (1) 
concentrate

RO feed (2) RO (2) 
permeate

RO (2) 
concentrate

887 m³/h 665 m³/h 222 m³/h 665 m³/h 572 m³/h 93 m³/h

Flow rates in double pass anaerobic RO



Handout Pilot Aerobic RO

RO
Aera
tion RSF

As (III) à As (V)

As (III) = 50
 Cl = 400

As (V) = 47,5
 Cl = 400

As (V) = 0,95
 Cl = 8

Additional advantage: no Fe, Mn and NH4 in RO concentrate stream

As (V) = 178
 Cl = 1576

HANDOUT

Incoming 
water

RO feed Back wash 
water (RSF)

RO 
permeate

RO 
concentrate

795 m³/h 779 m³/h 16 m³/h 572 m³/h 191 m³/h

Flow rates in aerobic RO



Wat is brak water? - definitie
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Rapport Wibo

*Landbouw

Drinkwaternorm <150 mg/l (0,15 promille)
WHO norm <500 mg/l (0,5 promille)



Chloride vs Energie vs Recovery
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Zeewater Genderen Zevenbergen
Chloride 15-20 2,5-3,5 0,25-0,4
Recovery 30% 65% 75%
Energie RO 45 bar 15 bar 5 bar
Energie m3 150 bar 23 bar 7 bar
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Water supply: increase in demand for drinking water

Yearly total
Yearly total meteocorr.
Upper bound
Basic forecast
Lower bound
Expectation 2021
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Percentage of permits used in 2020
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Water supply: challenge

Ro
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Our strategy

Sources under pressure Increase in demand

- Safeguard drinking water supply
- Prepare for worst case scenario
- Contribute to water transition

Robust Scources
Maintain current 

capacity and permits

Additional sources
Expand capacity and 

permits

Water saving
Decrease use of 
drinking water

Robust assets
Maximize and use 
capacity of assets 

within permits

Our strategy in four tracks



Goal / Assignment / ambitions
• Brabant Water wants to produce 20 million m³/y drinking water from additional 

sources before 2030
• Focus on brakisch and sea water.
• Contribute to the water transition of Province of Noord-Brabant

• Project Brakisch Water Genderen: Produce 5 million m³/y drinkwater from 
brakisch ground water.

• After succesfull implementation, a 2nd location will be started
• Sea water project at Bergen op Zoom has started

1 – 2 – 3 – 4 – 5 – 6 – 7



Tasks project team 
Produce 5 million m³/y drinking water from 
brakisch ground water*
• Ground water abstraction 8,3 million m³/y

• Desalination via (RO), produces concentrate stream
• Abstraction at Drongelen, transport and treatment 

at Genderen
• Mix treated brackish water with drinking water 

Genderen for reminiralisation

• First testing (pilot & abstraction test) for desired 
treatment, water quality, abtraction effects, soil 
structure and characteristics, …

• Work together and find partnerships with province, 
regional water autoraties, nationwide autoraties; 
finding a solution for the concentrate stream

*: in 2028 1 – 2 – 3 – 4 – 5 – 6 – 7



Research phase
Pumping / abtraction test
• One abstraction well and approx 12 measuring wells
• One month abstraction (max. 200 m³/h) to meassure effects
Pilot
• Pilot treatments (20 m³/h max.)
• Min. 2 year testing for optimal treatment, water quality and waste stream

1 – 2 – 3 – 4 – 5 – 6 – 7



Pilot Anaerobic

RO

NaOH/HCl
conditioning

Location 
MgCl2 dosing

Product 

Marmer BOT

Drinking water 
Genderen

Mixing 
Tank

RO        Remineralisatie

Aerat
oin

As = 50 30-40% retention As= 30-35    à


