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OF DRINKING WATER
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INTRODUCTION

PENTAIR X-FLOW
Pentair X-Flow® delivers membrane solutions and application know-how to OEMs
and contractors. As a leading pioneer and developer of membrane-based filtration
solutions, we believe membranes will be essential in the purification processes of
the future. Considering the increasing worldwide health and environmental concerns,
and dwindling natural resources, we see membrane technology as essential in the
health of our world relying on access to safe, clean water.
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In many parts of the world, water scarcity is a growing issue. In
order to secure future access to reliable water sources, crucial
reuse opportunities are necessary today. Our strong belief in the
need for ongoing development has made knowledge sharing part
of our business model. New applications and better solutions
start with exchange and cooperation. That is why we regard our
customers as partners.

Pentair X-Flow started manufacturing Membranes and
Membrane Elements in 1984. Be confident in your filtration
solution decisions with our 35+ years of practical experience
and countless project references around the world.

We aim to maximize our results for you
with our world-class Pentair X-Flow
Membrane Elements, engineering services,
and Pentair X-Flow Membrane+ Approach.
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Pentair X-Flow facility in Enschede,
the Netherlands, features a membrane
element production plant, and R&D
laboratory. Dozens of specialists work
daily to bring you enhanced Pentair X-Flow
Membrane Solutions and other continuous
improvements to support your needs.

Focused on practical and economic
progress, Pentair X-Flow develops
membrane-based filtration solutions that
help enable a lower total cost of ownership
and higher efficiency.
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PENTAIR X-FLOW
MEMBRANE+ APPROACH
Pentair X-Flow Membrane+ Approach provides technological support to OEMs and contractors in
connection with the membrane filtration solutions we provide. This expert assistance, especially when
provided from an early stage onward, makes the difference for the membrane filtration portion of your
plant in terms of quality, safety, efficiency and reliability.

Excellent performance starts with choosing the right solution
and design for a particular membrane application. Once up and
running, the system has to keep working well. As these choices
typically involve multiple and interrelated considerations, Pentair
X-Flow Membrane+ Approach offers crucial help from the very
start. Feel confident and at ease taking on the challenging task of
selecting the right solution. Our experts with years of combined
experience are available to give you a helping hand.
We support you not only with superior Pentair X-Flow Membrane
Elements, but also with engineering know-how, monitoring tools and
automation solutions specifically related to our membrane elements.

DESIGN PHASE
Our process design engineers help your bid evaluations run
smoothly in connection with the membrane filtration portion of
your plant. We can work alongside your plant design engineer and
technical experts to review the system’s preliminary P&IDs and
layout drawings.
This stage usually comprises in-depth consultations between all
parties involved. Our engineers can join you through in-person
or virtual meetings to help clear up any remaining uncertainties
and offer substantive support on design choices when you may
need it most. This will give you the opportunity to closely look

Pentair X-Flow Membrane+ is our approach to helping you solve
any specific project-related issue. Our engineers are committed
to providing all the practical support required in every project
phase from conceptual design to piloting, start-up and beyond
in connection with the Pentair X-Flow Membrane Elements. Gain
peace of mind from our support at every project phase.

DEVELOPMENT PHASE
To help ensure your technical knowledge is up-to-date, Pentair
X-Flow offers advanced education in membrane technology and
engineering through Pentair University.
Our convenient and insightful training sessions also help you to
get the basic parameters right and avoid costly errors which can
affect short-term and long-term performance of your plant as
they relate to the membrane filtration elements.
You can readily validate design choices and establish KPIs by
making use of our test applications in real-life circumstances.
Our engineers offer you plug-and-play pilot possibilities
and piloting assistance. Pilot performance optimization is a
continuous process of data exchange between engineers. The
information from the pilot test gives you important data about
how to run a large-scale project before you commit a significant
amount of time, energy or money.

4

XF14128ENG-BR-6-17-22

into the membrane filtration portion of your plant together with
our engineers. They will support you in optimizing the membrane
filtration element portion of your plant.

Real-time monitoring of your plant generates data to enable
long-term optimized operation, providing peace of mind for both
contractors and operators.

EXECUTION PHASE

Our service engineers offer extensive operational support. They
analyze membrane performance to optimize your system and
advise on further performance improvements.

The backbone of your membrane filtration system will be built by
our process engineers.
They finalize the basic design, produce detailed drawings and
documentations and review the drafts of the P&IDs, system
layout, software protocols, and commissioning manual.
Commissioning assistance includes hardware and software
testing, as well as fine-tuning for optimal operation. Our
engineers verify performance data and fully support you during
commissioning to help ensure a successful start-up.

OPERATION PHASE
Pentair X-Flow Membrane+ Approach offers you continued support
when the system is built, commissioned and running as intended.

We are always ready to help you ensure your plant continues
to perform even after delivery. Our local service partners are
available to support if and when issues arise. Service training is
a great way to continuously upgrade the skills and knowledge of
your plant operators.
You can rely on a worldwide network of service representatives
that will assist in ensuring your Pentair X-Flow Membrane Elements
perform according to design specifications and operations manual.
This helps make your life much easier so you can focus on other
important work and you do not have to worry about if your system
is running as it should.
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HFNANO SOLUTION

FROM RAW WATER TO POTABLE WATER
Wherever you are in the world, access to safe and clean water is vitally important for
public health and prosperity.
In many places, our most precious natural resource is in dire
need of better management. The familiar big challenges of
climate change, urbanization, and population growth are causing
water scarcity and concerns over future supply. The drinking
water of hundreds of millions of people is polluted because of
poor wastewater management. Half of the world’s population will
be living in water-stressed areas by 2025 1.
Besides a long-term perspective on the management of our
water resources, we need more resourcefulness. The insight is
breaking through that we simply have to do more with less. New
and evolving technologies allow us to reuse more wastewater
and rely on surface water for producing drinking water. If you
are in the business of solving water issues in a cost-efficient

and sustainable manner, clearly there is still a great deal of work
to be done. Nanofiltration has its place in solving the world’s
drinking water problems.
To support your needs, Nanofiltration (NF) is used in the
production of high-quality drinking water as it rejects trace
organic compounds, heavy metals, and viruses at a lower energy
demand than reverse osmosis. Many drinking water suppliers are
dependent on the surface water of declining quality, often due to
increased levels of Natural Organic Matter (NOM).

1 “Drinking-Water.” World Health Organization, World Health Organization,
14 June 2019, www.who.int/news-room/fact-sheets/detail/drinking-water.

CASE STUDY
Operating experience with hollow-fiber nanofiltration
for potable water production

APPLICATION
The treatment and reuse of river water at a water
treatment plant

CUSTOMER
Water treatment plant Taswater in Tasmania, Australia

RESULTS
At a pilot test; the Pentair X-Flow HW1000 Membrane
Element was installed in a full-scale system in Tasmania,
Australia. The design capacity of the system was 60 m3/hr.
The water source was river water, low in hardness, alkalinity
and conductivity, and moderately high in dissolved organics.
During storm events, the water observes high turbidity and
bacteriological contamination.
The water treatment plant is co-located with an irrigation
scheme. This allows for a shared river water intake,
furthermore, NF backwash waste is free of chemicals and is
reused as irrigation water, eliminating the need for a sewer
connection.
Read the full story on the Pentair X-Flow website:
https://xflow.pentair.com/en/case-studies/taswater
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Example of medium unit and Nanoqube.

PURE DRINKING WATER WITH PENTAIR
X-FLOW HFNANO
• Retaining NOM without coagulation and with minimal
hardness retention
• High permeate quality 2
• A scalable system with low chemicals and power
consumption
• Minimal brine waste 3
• Certified for bacteria and viruses (LOG 4 virus and
LOG 6 bacteria removal) 2
• Minimal pretreatment required (strainer)

2 	Registered at nsf.org as Nanofiltration device, HFW1000. Certified by NSF for
Cryptosporidium removal efficiency, with a mean log removal value of 6.32 log,
and minimum LRV of 5.75 log. The maximum certified filtration flux rate is
23.5 gfd. Also tested for virus removal efficiency, with a mean LRV of 5.54 and
a minimum of 5.44 log.
3 Heidfors, I.; Vredenbregt, L.H.J.; Holmes, A.; van Es, M.B. Pilot Testing with
Hollow Fiber Nano Filtration Membranes for Removal of NOM from Surface
Water in Sweden. In Proceedings of the NOM 6—IWA Specialist Conference on
Natural Organic Matter in Water, Malmö, Sweden, 7–10 September 2015.
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Pentair X-Flow HFNano Solution with HFW1000
Membrane Elements for visitor center in Australia.
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PENTAIR X-FLOW HFNANO:
THE SOLUTION FOR SURFACE WATER
HIGH IN COLOR AND NOM LEVELS
WHEN DO YOU CHOOSE HFNANO?
•
•
•
•

Feedwater color: up to 100 Hazen units
Feedwater TOC (Total Organic Carbon): up to 50 mg/l
Low salinity, low hardness
Microbiological contamination requiring multiple barriers
(e.g. combining NF with UV and chlorine)

While the bulleted list is a good indication of surface water
conditions that warrant the choice for Pentair X-Flow HFNano,
the ideal solution is determined by your site-specific conditions
and your water quality. In general, flow demand and the
availability of proper sludge discharge facilities drive the choice

APPLICATION AREAS
TYPICAL APPLICATIONS FOR PENTAIR X-FLOW HFNANO SOLUTION
Pentair X-Flow HFNano systems are built when it becomes difficult to treat surface water.
• Where sustainable operation with very low environmental impact is required
• Relatively small-scale operations in remote locations with NOM and color issues
• Tourist locations with a seasonal occupation, such as visitor centers
• Water plants without operating personnel that require a high degree of automation

1
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Drinking water
• Color & organics removal
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KNOWN ISSUES WITH COAGULATION PROCESSES:

KNOWN ISSUES WITH SPIRAL-WOUND NF AND RO:

•
•
•

•
•
•

High chemical consumption
Sludge disposal
Meeting required water quality

COUPLING NF WITH HOLLOW-FIBER TECHNOLOGY
TO DEAL WITH DECLINING FEEDWATER QUALITY
The quality of surface water is deteriorating in many parts of
the world, making it harder for producers to reach the quality
standards for potable water. Apart from increased NOM levels,
rapid changes in water quality can occur because of greater
fluctuations in rainfall.
Drinking water suppliers also face tightening legislation, investor
concerns, and pressure on operational costs. After many years
of varying degrees of success for NOM and color removal, there
is a need for better methods. Specifically, they need an effective
and sustainable system that provides full control over product
quality at an affordable price now and in the future.
Pentair X-Flow HFNano Solution provides the answer. By using
Pentair X-Flow HFW1000 Membrane Elements, Pentair X-Flow
HFNano combines and leverages the strengths of hollow-fiber
technology and nanofiltration. A benefit of the innovative Pentair
X-Flow HFW1000 hollow-fiber NF membrane element is that it is
chlorine-resistant and back washable, addressing the drawbacks
of spiral-wound NF membranes. Pentair X-Flow HFNano also
eliminates the need for coagulants to remove dissolved organics.

4 Baresova, Madalena. “The impact of interactions between NOM on coagulation.”,
7–10 September 2015, Malmö, Sweden
Baudin, Isabella. “Enhanced removal of Natural Organic Matter by coagulation:
Full-scale application of modelling approach.”, NOM 6—IWA Specialist Conference
on Natural Organic Matter in Water, 7–10 September 2015, Malmö, Sweden
Benetti, Antonio. “Dissolved organic carbon removal from filtered water by
granular activated carbon.”, NOM 6—IWA Specialist Conference on Natural
Organic Matter in Water, 7–10 September 2015, Malmö, Sweden
Grace, Maebh. “A novel filtration configuration for targeted humic acid removal
from drinking water.”, NOM 6—IWA Specialist Conference on Natural Organic
Matter in Water, 7–10 September 2015, Malmö, Sweden
Hem, Lars. “NOM removal through coagulation, sedimentation and filtration
as a remedial action to prevent adverse effects of re-growth in networks.”,
NOM 6—IWA Specialist Conference on Natural Organic Matter in Water, 7–10
September 2015, Malmö, Sweden
Hidayah, Euis Nurul. “NOM removal from slow sand filter effluent by alum
coagulation.”, NOM 6—IWA Specialist Conference on Natural Organic Matter in
Water, 7–10 September 2015, Malmö, Sweden
Jarvis, Peter. “The impact of changing water quality on treatment of NOM
laden water sources.”, NOM 6—IWA Specialist Conference on Natural Organic
Matter in Water, 7–10 September 2015, Malmö, Sweden
Nkambule, Thabo. “Natural organic matter (NOM) in South African waters.”,
NOM 6—IWA Specialist Conference on Natural Organic Matter in Water, 7–10
September 2015, Malmö, Sweden
Poutanen, H. “Increasing organic carbon concentrations in the raw water
source of Helsinki.”, NOM 6—IWA Specialist Conference on Natural Organic
Matter in Water, 7–10 September 2015, Malmö, Sweden
Sjoerdsma, Peter. “Color in drinking water: from interfering substance into
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Frequent cleaning due to fouling
Concentrate treatment
Chlorine resistance

THE CHALLENGE POSED BY NOM
NOM is a complex mixture of organic compounds present
in all freshwater, notably surface waters. The amount and
composition depend on climate, geology, and topography.
Levels have been rising worldwide for decades, especially
in northern Europe, Russia, and Canada, where it has
adverse effects on drinking water production.
Several technologies tried to deal with NOM. Coagulation
and Dissolved Air Flotation (DAF) involve chemicals, jar
testing, and sludge formation. Ion exchange produces
brine and requires remineralization. Activated carbon
comes with high regeneration costs. Membrane filtration
with spiral-wound NF is elegant, but demands clogging
prevention and also removes minerals, causing the water
to be corrosive to pipes and household appliances.
You can tackle NOM with Pentair X-Flow HFW1000
Membrane Elements, which are highly effective in the
removal of NOM with limited reduction of divalent salts
(e.g. hardness). 4

valuable commodity.”, NOM 6—IWA Specialist Conference on Natural Organic
Matter in Water, 7–10 September 2015, Malmö, Sweden
Wray, Heather. “Ion Exchange: Predicting NOM Removal During Drinking Water
Treatment.” , NOM 6—IWA Specialist Conference on Natural Organic Matter in
Water, 7–10 September 2015, Malmö, Sweden
Almqvist. “Selection of treatment process at vätternvatten new drinking water
treatment plant.”, The 11th Nordic Drinking Water Conference, 11th-13th June
2018, Oslo – Norway
Bomo. “Planning and operation of coagulation membrane filtration WTP.”, The
11th Nordic Drinking Water Conference, 11th-13th June 2018, Oslo – Norway
Eikebrokk. “Treatment Optimization from simple NOM diagnostics, Case
studies from 10 utilities within the NOMiNOR project.”, The 11th Nordic Drinking
Water Conference, 11th-13th June 2018, Oslo – Norway
Lavonen. “Pilot scale study on suspended ion exchange, ozonation and ceramic
microfiltration.”, The 11th Nordic Drinking Water Conference, 11th-13th June
2018, Oslo – Norway
Harkki. “Optimization of coagulation and flocculation processes with cfdmodelling. Case: Pitkäkoskiwater treatment plant,.”, The 11th Nordic Drinking
Water Conference, 11th-13th June 2018, Oslo – Norway
Krezeminski. “Seasonal changes and removal of NOM fractions in main
waterworks of Nordic capital cities.”, The 11th Nordic Drinking Water
Conference, 11th-13th June 2018, Oslo – Norway
Vogt. “Causes for increase in Dissolved Natural Organic Matter and changes in
its quality.”, The 11th Nordic Drinking Water Conference, 11th-13th June 2018,
Oslo – Norway
Vuorilehto. “How we built the largest WTP in Finland –renovation project of
Vanhakaupunki WTP.”, The 11th Nordic Drinking Water Conference, 11th-13th
June 2018, Oslo – Norway
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BUILDING WORLD-CLASS DRINKING WATER PLANTS WITH PENTAIR X-FLOW HFNANO SOLUTION

SERVICES (M+)
Pentair University, aftersales service

ENGINEERING (M+)
Mechanical, automation, process

UNITS
Design and fabrication

CONNECTING PARTS
Proprietary

ELEMENTS
Minimum scope

MEMBRANES
Core value
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- Commissioning and installation services
- Pentair University training & education

- Process engineering
- Mechanical engineering
- Electrical engineering
- Automation
Pentair X-Flow HFNano units

End-caps
Couplings

Pentair X-Flow HFW1000 Membrane
Elements

Pentair X-Flow nanofiltration Membranes,
PVDF
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THE CRUCIAL ADVANTAGES
PENTAIR X-FLOW HFW1000
MEMBRANE ELEMENTS

The innovative Pentair X-Flow HFW1000 Membrane Element offers a combination of high chemical
resistance with hollow-fiber technology and the superior performance of nanofiltration in retaining
dissolved organic matter.
Pentair X-Flow HFW1000 Membrane Element is made from a
modified polyethersulfone (PES) blend. A pore size fine-tuned
to 1000 Daltons retains dissolved organics while allowing mono
and divalent salts to pass through the membrane, maintaining
water hardness, and avoiding the remineralization required after
treatment with RO or spiral-wound NF.
Rely on the robust Pentair X-Flow HFW1000 Membrane Element
that is easy to clean by reversing the flow (backwashing) and with
aqueous chlorine solutions. Feel confident knowing the effluent is
free of chemicals. The hollow-fiber technology delivers a strong
permeate quality and allows for integrity testing while in operation.
The integration of Pentair X-Flow HFW1000 Membrane Elements in
the Pentair X-Flow HFNano Solution makes for a straightforward
production process. No coagulation means no waste generated
by sludge and chemicals and no disposal and transport issues.
Communities in remote areas can benefit from a simple, robust,
safe, and reliable system to produce drinking water.
• High removal of organic matter 7
• Certified for bacteria and viruses: 4-log (99,99 percent) 3
• Hydrophilic membrane composed of (modified) PES (high
performance and superb antifouling behavior)
• Highly asymmetric/microporous structure
• Molecular Weight Cut-Off (MWCO): 1,000 Da (Dextrane) 8
• Typical permeate quality: 5 SDI < 3, turbidity <0.1NTU
• Designed for color removal; typical membrane retention of >
90% (Pt-Co) 3
• Minimal salt rejection to maintain salt balance 3
• Online integrity testing
• Simple pretreatment with strainer
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7 Aggarwal, Rahul. “Strategic Assessment of Drinking Water Production
Systems Environmental Impacts from a Life Cycle Perspective:
A Case Study of Norrvatten Future Drinking Water Production Alternatives.
” DIVA, KTH ROYAL INSTITUTE OF TECHNOLOGY, 11 Dec. 2020,
urn.kb.se/resolve?urn=urn%3Anbn%3Ase%3Akth%3Adiva-287466.
8 As mentioned in “Molecular weight cut-off determination of HFW1000
membranes” by Dr. J. Ploegmakers, Ing. K.W. Wiratha, 23th of January 2017,
Enschede, Pentair.
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HOLLOW-FIBER NANOFILTRATION COMPARES
WITH TRADITIONAL SOLUTIONS
Several challenges are faced when using membranes.
This applies to low-pressure membranes (ultrafiltration),
high-pressure membranes (spiral wound nanofiltration),

and the newly developed hollow-fiber nanofiltration. Take a look
at the differences between these membranes:

COAGULATION +
ULTRAFILTRATION

COAGULATION +
PRETREATMENT + SPIRAL NF

HOLLOW-FIBER
NANOFILTRATION HFW1000
WITHOUT CHEMICALS

No

Yes

Yes

Yes

No

Yes

Yes

No

Yes

No coagulant for doc removal 8

No

Yes

Yes

Online integrity test

Yes

No

Yes

High NOM removal 5
Minimal hardness removal
Minimal brine waste

3

3/6

5 UPTEC-W1424 Degree Project 3 credits August 214 Reduction of DOC depending on character with four drinking water preparation techniques
Comparison between precipitation (FeCl 3 and Al 2 (SO 4) 3), membrane filtration and ion exchange with MIEX Sarah Nilsson and Sofia Wängdahl
6 Keucken, Alexander. “Enhanced NOM removal by direct filtration of surface water in Sweden using novel hollow fiber nanofiltration membranes.”
IWA Conference, 2013, Perth, Australia.

PENTAIR X-FLOW HFNANO SOLUTION DESIGN OPTIONS
To support different customer requirements we
offer different system designs for the Pentair X-Flow
HFNano Solution. Decisive factors may include location
characteristics and plant accessibility, delivery time,
engineering standards to facilitate operation and
maintenance, building and discharge permits, stand-by
requirements, and the availability of maintenance staff. In
general, large systems require more customization and have
longer delivery times, while small systems are standardized
and can typically be delivered sooner. Pentair X-Flow helps
you select with confidence one of the three different basic
system setups to cater to various priorities:

Large systems: Fully customized design, made to order.
Medium units (<50 m3/h per unit): Standardized skids with
engineered solutions e.g. optimized for a higher flux rate or
total output, or lower energy consumption.
Nanoqube (<10 m3/h per unit): A standardized system with
a modest flux rate for robustness and minimum exposure to
operational issues, typically small enough to fit in a standard
shipping container.

For more information, contact your local Pentair X-Flow representative or visit
xflow.pentair.com/en/products/x-flow-hfnano

Marssteden 50
7547 TC Enschede
The Netherlands

P.O. box 739
7500 AS Enschede
The Netherlands
Ph: +31 (0)53 428 70 00

pentair.com
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