
VOLUME 30, ISSUE 2

CONTENTS APRIL-MAY2015

1APRIL-MAY 2015 WWINTERNATIONAL.COM

REGULARS

UPFRONT

REGIONAL SPOTLIGHT: EUROPE

EDITOR’S NOTE 4

NEWS  6

PRODUCT FOCUS 38-39

DIARY /AD INDEX/WEB PROMO  40

LEADER FOCUS (COVER STORY) 10
Five years in the making, WWi was recently granted an 
exclusive interview with Olivia Lum, CEO of Singapore 
water frm Hyfux. Here she talks to Tom Freyberg about the 
Qurayyat deal in Oman, progress in India and what it takes to 
grow a multi-million dollar global water business.

THE BIG QUESTION  14
As part of WWi’s ongoing technology series, we ask several 
membrane manufacturers: Is polymeric membrane integrity 
suitable for modern day water production demands, or should 
new materials be considered?

GERMANY: ENERGY POSITIVE WATER TREATMENT 22
German utility Hamburg Wasser is expecting its electricity 
production to exceed consumption by 15% and this year half 
its energy bills to €4 million. Find out about the combination 
of on-site biogas and wind energy.

FRANCE: LIQUEFIED BIOGAS FROM WASTEWATER  26
French water treatment company SUEZ environnement has 
developed a process that converts wastewater into liquefed 
biogas (LBG) using membrane based technology. How does 
the technology work and what is the potential?

NUTRIENT RECOVERY DEVELOPMENTS  30
Commercialisation of nutrient recovery technologies are 
progressing across Europe. This article looks at progress and 
options from companies facing tough market barriers, such as 
raw material prices and legal frameworks.

GREECE: WATER PRIVATISATION BATTLE 34
Surprising to many, Greece is endowed with abundant 
water resources of 58 billion m3/year. Yet, like its fnances, 
mismanagement has left the country’s 230 different municipal 
utilities in need of help. 

TECHNOLOGY CASE STUDIES

TECHNOLOGY UPDATE: CERAMIC MEMBRANES 18
Big promises have been made regarding ceramic membranes 
yet they still have only 2-3% of the membrane market. In 
a recent Insight Report on ceramic membranes, BlueTech 
Research has reviewed their adoption in water and 
wastewater treatment, improvements in life-cycle costs, key 
markets and recent innovations.

URBAN WATER MANAGEMENT IN INDIA 36
About 30% of people in India live in cities that are expected to 
double in population by 2050. With a growing economy and 
changing lifestyles, the pressure on already strained water 
resources is increasing. The government has shown an interest 
in Integrated Urban Water Management (IUWM) as a new 
framework and approach for the nation.

PRODUCT REVIEW

SLUDGE TREATMENT 38
Upfow anaerobic sludge blanket reactor helps Nottingham 
WWTP run on biogas; screw compressor and blower 
package launched for sludge agitation; submersible mixer for 
granulated sludge used in Virginia development and sludge 
cake loading silos delivered to Southern Water, UK.

PIPES/NETWORK MANAGEMENT 39
GRP overfow system for combined sewers developed 
in conjunction with the CVUT University Prague; heavy 
grinding, milling and cutting equipment upgrade for pipe 
robots; AC actuators part of Woleebee Creek pipeline upgrade; 
Yorkshire Water trials new pipe lining technology and new 
steam-cured pipe liner launched. 

10 18

30

1504WWI_1   1 5/12/15   11:12 AM

http://digital.wwinternational.com/wwinternational/20150405/TrackLink.action?pageName=1&exitLink=http%3A%2F%2FWWINTERNATIONAL.COM


TECHNOLOGY UPDATE MEMBRANES 

18 WWINTERNATIONAL.COM APRIL-MAY 2015

Big promises have been made 

regarding ceramic membranes 

yet they still have only 2-3% of 

the membrane market. In a 

recent Insight Report on ceramic 

membranes, BlueTech Research, 

has reviewed their adoption in 

water and wastewater treatment, 

improvements in life-cycle 

costs, key markets and recent 

innovations.

By Tyler Algeo and James Fotouhi

T
he development of ceramic 

ultrafltration (UF) membranes 

predates that of their polymeric 

counterparts. Yet ceramics only 

make up a fraction of the market for 

membrane fltration products in water 

and wastewater treatment. While the 

US$500 million UF treatment market 

continues to grow in applications such 

as reverse-osmosis pre-treatment, 

municipal wastewater and drinking 

water treatment, ceramics comprise only 

a 2-3% market share. 

Adoption of ceramic membranes has 

been fairly modest, with an estimated 

200+ treatment plants, representing a 

population equivalent of roughly fve 

million people, over the past 20 years. 

The past fve years has seen a small 

uptick in the cumulative installed 

capacity, with two large-scale plants 

developed by PWN and Metawater 

(>100,000 m3/day) becoming 

operational in 2014. 

Historically the primary barrier 

to ceramic membrane usage is the 

much higher CAPEX compared with 

polymerics (up to three times as much). 

The process advantages of ceramic 

membranes (pH resistance, higher fux 

rates, longer membrane service life) 

have enabled suppliers to carve out a 

few niche markets such as in produced 

water treatment, oil/water separation, 

commercial pool treatment and radium 

removal from groundwater.

DRINKING WATER TREATMENT

The robustness of ceramics compared 

with polymerics has led to many 

suppliers targeting industrial and 

diffcult-to-treat waters, however the 

largest market by volume of membrane 

sales is still drinking water treatment. 

In North America and Europe UF 

membranes (primarily polymeric 

membranes) found considerable 

market success in drinking water 

treatment because the membrane is a 

physical barrier for microorganisms 

such as cryptosporidium. Outbreaks 

of cryptosporidium contamination in 

the early 90s in Nevada and Wisconsin 

made removal of disinfection resistant 

microbes a critical priority for 

municipalities.

TOUGH TALKING
INNOVATION AND APPLICATIONS 

FOR CERAMIC MEMBRANES

Andijk III in the Netherlands, which uses 

ceramic membranes from Metawater. The 

Japanese frm claims a decreasing module 

CAPEX of US$100/m2
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Recent large-scale drinking water 

installations completed by PWN 

(Metawater/NGK) indicate that 

ceramics are beginning to show 

life-cycle cost competitiveness with 

polymeric membranes. A principal 

challenge with evaluating ceramic life-

cycle cost to date was validating the 

service life claims of the membranes 

(estimated by suppliers at 15-20 years). 

Commercial installations by 

companies such as Purifcs have now 

been active since the early 1990s, many 

of which are still using the original 

membrane module. The validation of 

this claim, combined with Metawater’s 

decreasing module CAPEX (estimated at 

US$100/m2) and the market’s growing 

familiarity with the technology indicate 

strong potential for future growth in 

drinking water treatment. 

A recent project tender for an upgrade 

to the 7 MGD (26,500 m3/day) Butte-

Silver Bow Public Works Department’s 

Basin Creek Water Treatment Plant 

in the US revealed that the proposed 

Metawater ceramic monolith system 

showed a better 20-year life cycle cost 

than the three competing UF systems 

proposals. 

Two of the proposals were 

disqualifed due to compliance failures 

in the scope, but the other accepted bid 

was more than US$0.9 million more 

than Metawater’s US$8.7 million tender. 

Provision of a warranty for the system, 

a specifc request of the project owners, 

may have contributed to Metawater’s 

cost advantage.

Recently complete large-scale projects 

include the 171,000 m3/day plant in 

Yokahama, Japan, the 120,000 m3/day 

Andijk III plant in the Netherlands, and 

a 37,000 m3/day plant in Colorado. In 

late 2014, a 90,000 m3/day project was 

tendered in Plymouth, UK.

The added fouling resistance and 

ease of cleaning ceramic modules led 
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 By grouping 200 ceramic elements into one vessel, 

PWN claims this will cut down on the amount of energy 

needed when backwashing the membranes

For more information, enter 8 at wwi.hotims.com
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many to speculate that produced water 

treatment and oil/grease removal 

represented a strong market opportunity 

for ceramics. Installations in the oil and 

gas industry have been few, with Veolia 

(CeraMem) the most active company 

in this area. Veolia claims to have three 

installations (300-400 m3/day in size) to 

date despite seven years of aggressively 

targeting the market. 

Given the challenge with 

commercialising new water technologies 

in the oil and gas sector, this can be 

viewed as a minor success. However, 

given the recent decline in oil prices 

that are straining the targeted market 

segments (Canadian Oil Sands and 

US Shale Oil) growth potential in this 

area appears limited. Nevertheless, this 

market continues to be one targeted by 

ceramic membrane companies.

EARLY STAGE INNOVATION

Young companies around the world 

are developing novel methods of 

producing ceramic membranes, even 

as key established producers strive to 

bring down the price to compete with 

polymeric membranes on a whole-life 

cost basis. 

Ceramic membranes are typically 

produced by applying a slurry of oxide 

particles and solvents onto a supporting 

substrate and sintering the membrane 

in a kiln. It is a multi-step process 

involving successively fner layers on a 

substrate to produce smaller pore sizes 

(an important difference to polymeric 

membranes that can be produced 

“asymmetrically” in a single step).

A crop of innovative companies 

has appeared over the last few years 

offering unique and new ways to 

produce ceramic membranes. Some of 

the new methods may lead to lower 

production costs, while others provide 

enhanced performance characteristics 

that may swing the economics for other 

reasons. The following four companies 

are among the innovators.

METAL MEMBRANES

Metal Membranes takes a thin sheet 

of metal, aluminum or titanium 

and exposes it to a plasma arc. The 

plasma arc creates a highly oxidising 

environment at the surface of the metal 

plate that forms a metal-oxide layer 

(i.e. a porous ceramic layer – either 

aluminum oxide or titanium dioxide). 

The reverse of the metal plate is then 

etched to leave just the ceramic layer 

exposed. A metal plate is used as a 

structural support. One of the potential 

advantages of this manufacturing 

approach is that you can create very 

thin, layered ceramic membranes. The 

company indicates that it can get pore 

sizes in the <1nm (0.001µm) range.

CERAHELIX

The Helix NFM is a ceramic 

nanofltration membrane with pore sizes 

of approximately 1nm. The membranes 

are based on a (non-crystalline) titania 

ceramic that enables Cerahelix to 

narrow the pore size range. Titania 

is more expensive than alumina and 

has relatively high permeability, high 

hydrophilicity, a wide pH range, and is 

suitable for UF, nanofltration (NF) and 

as a substrate. 

The core of the Cerahelix technology 

is the method of producing the 

membrane layer on the substrate. A 

solution is produced containing DNA 

strands. The solution forms a gel in 

which the DNA strands are aligned.

This gel coats the ceramic substrate 

and during the sintering process the 

DNA is burned off, producing a ceramic 

membrane with a tight pore size range 

and straight pore channels. The straight 

pore channels and thinness of the active 

membrane layer holds the promise 

of better fux rates than other ceramic 

membranes.

Current pilot units consist of tubular 

or multi-channel membranes operated 

in cross-fow. Cerahelix has produced 

fat-sheet membranes as well and, for 

high-volume applications, will offer 

monoliths with more channels than its 

current multi-channel systems.

NANOSUN

NanoSun has developed a novel fexible 

membrane based on titanium dioxide 

nanofbers with a pore size ranging 
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Figure 1: Ceramic S-Curve - Ceramic ultrafltration membrane adoption for water and wastewater applications over the 

previous 20 years.

Table 1: Application for ceramic membranes

Markets for ceramic 

membranes
Application frequency Suppliers active

Drinking water treatment

Majority of installations and 

installed capacity of ceramic 

membranes

Metawater (PWN), 

Purifcs, ITN, Liqtech, 

Likuid

Groundwater treatment Few installations
Purifcs, ItN Nanovation, 

Meidensha

Industrial process water/

wastewater treatment 

Many installations, much 

smaller in size (100-1000 

m3/d) compared with DW

Tami, Atech, Liqtech, Likuid

Commercial pool water 

treatment
Few installations Liqtech

Produced water treatment Minimal installations Veolia, Liqtech, Cerahelix
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from 0.1µm to 1µm (microfltration). 

Lab testing has shown the membrane to 

have several key advantages including 

•  Very high fux (up to 960LMH has 

been demonstrated in the lab)

•  Low fouling rates, high temperature 

tolerance (it can be heated to 250ºC to 

burn off organic foulants

•  The ability to perform photocatalytic 

oxidation by exciting the titanium 

dioxide nanofbers with UV radiation. 

The TiO2 nanofber membrane forms a 

scaffold type structure and has inherent 

biocidal properties as well.

NanoSun’s membrane is fabricated 

using a 3D-printing technology 

developed at Nanyang Technological 

University (NTU) with nanofbres 

fabricated from an electrospinning 

process are used as an input material. 

Although there are TiO2-based ceramic 

membranes, there are no commercial 

TiO2 nano-composite membranes on 

the market, and no other membranes 

are produced currently through 3D 

printing. 

This suggests that if the membrane 

qualities claimed by NanoSun can be 

validated, the technology could be 

highly disruptive to the membrane 

market. Current testing has been 

done using fat-sheet plate and frame 

membranes; however the fexible nature 

of the membrane is enabling NanoSun 

to explore spiral-wound form factors.

LANCE ENERGY SERVICES

Lance Energy Services has developed 

a novel chemical treatment to produce 

“nano-functionalized ceramic 

membranes”. The majority of testing 

to date has been with 0.2µm pore size 

(200nm) membranes. 

The company indicated that the 

chemical treatment is not simply a 

coating of the membrane but results 

in an impregnation of the original 

ceramic membrane. As a result of the 

penetration of the chemical treatment, 

the modifcation does not wear out 

or disassociate from the membrane. 

The result of the chemical treatment is 

that the membrane becomes strongly 

hydrophilic and, as the company 

describes it, “organo-phobic”. 

According to the patent, the result is a 

ceramic membrane with “functionalised 

alumoxane nanoparticles, and zitterionic 

cysteic acid molecules” that make the 

membrane hydrophilic and prevent oil 

from attaching to the membrane surface.

The key advantage of the Lance 

Energy membrane is its anti-fouling 

properties with respect to oils and 

bacteria. The “organo-phobic” 

behaviour is believed to be due to the 

formation of an aqueous layer on the 

surface of the membrane that provides 

an entropic barrier, preventing oil 

droplets from contacting the surface of 

the membrane. 

LONG-TERM SUCCESS INDICATED

Growing numbers of installations 

by major technology providers like 

Metawater, as well as new innovations 

that look to fundamentally change the 

production of ceramic membranes, 

combine with a growing market 

competitiveness to indicate a strong 

future for ceramics. 

Author’s note: Tyler Algeo is director 

of research and James Fotouhi is a water 

technology market analyst at BlueTech 

Research. For more information, email: sefan.

urioc@bluetechresearch.com.
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