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DOW™ Ultrafiltration  
Membranes  

Overcome Pretreatment Challenges

HeBei DaTang International HuaTan Electricity Co. Ltd is located in the  
harbor of the commercial development area in the province of HeBei.  
Taking the advantage of the coastline and the nearby coal production  

base, DaTang installed a coastal electricity station. To desalinate the seawater for  
the boiler water supply and other industrial water, the plant uses reverse osmosis 
technology.

There are two obvious challenges in this case: high turbidity and great temperature 
range. Due to the rise and fall of tides, the seawater turbidity fluctuates greatly on  
a daily basis. The temperature has a range of 27.1º C during the hottest and the 
coldest months in a year period. Nevertheless, DOW™ Ultrafiltration membranes 
are able to overcome the obstacles and demonstrate solid performance with  
produced water of turbidity <0.2 NTU and SDI <2.1.

•	 The	seawater’s	chemical	oxygen	demand	(COD)	level	is	less	than	10	and	 
turbidity decreases to 100 NTU due to piping. Thus, no coagulation is needed  
for	pretreatment.	Only	oxidizer	NaOCl	is	used	to	disinfect	the	water	source.

•	 The	disc	filter	is	able	to	filter	out	large	molecules	and	prevent	irreversible	 
damages to the membrane. 200 µm of a filtering column is used to achieve  
a self-controlled wash at an hour interval at design 15 NTU.

•	 3	ppm	of	reducer	(NaHSO3)	is	used	to	counter-react	with	the	oxidizer	 
remaining	in	the	water.	1	ppm	of	flocculants	(CP	101)	is	used	to	remove	 
excess	bulky	substances.

•	 Security	filters	were	used	to	prevent	macromolecules	in	the	environment	from	
transferring into the treated water and damaging the membrane. 5 µm filled 
with	PP	material	and	capacity	of	60	m3/h	each	are	used.

•	 Various	amounts	of	NaOH	are	added	to	the	system	for	pH	adjustment.	It	is	 
optimal	for	RO	feedwater	to	be	a	pH	6-9.

•	 A	portion	of	the	first	pass	SWRO	water	is	used	for	other	industrial	purposes.	
The	rest	goes	through	a	second	pass	RO	and	ion	exchange	to	obtain	pure	and	
refined water ready for the boiler make-up supply.

Technical Process

Seawater Disc Filter DOW™ UF Security Filter 1st Pass RO Industrial Water

 Security Filter 2nd Pass RO Ion Exchange Boiler Make Up 

NaOCI  NaHSO3, CP101, HCI NaOCI
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The	figure	above	shows	that	the	feedwater’s	turbidity	fluctuation	over	a	4	month	period.	Turbidity	varied	 
greatly from 20 NTU to 100 NTU. However, the turbidity of product water maintained around 0.2 NTU  
and	never	exceeded	0.3	NTU.	As	a	result,	the	turbidity	of	feedwater	did	not	affect	the	performance	of	the	 
UF	membrane,	and	the	product	water’s	quality	is	appropriate	to	be	fed	into	a	RO	membrane	system.

Despite the high and fluctuating turbidity and water temperature, WangTang is able to obtain desirable  
feedwater for RO using only a disc filter and DOW™ Ultrafiltration membranes as pretreatment. No other  
pretreatment system such as coagulation, sedimentation or sand filtration is needed. DOW™ Ultrafiltration  
membranes provide an economical and effective solution for seawater desalination.

The	DOW™	Ultrafiltration	membrane	is	able	to	produce	water	with	silt	density	index	(SDI)	less	than	2.1	and	 
turbidity averaging around 0.2 NTU over the two years of operation. This further enhances and ensures the  
performance	of	the	RO	system,	resulting	in	a	desirable	and	optimal	flux,	salt	rejection	rate	and	recovery	rate.	 
The	UF	system	and	RO	system	only	require	chemical	cleaning	once	every	eight	and	six	months	respectively,	 
further proving the reliability of the DOW™ Ultrafiltration pretreatment system.

Location: HeBei, China

Capacity: 1200 tons/hr UF water (840 t/h for Phase 1;  
360 t/h for Phase 2)

Time in Operation: Since 2005

Raw Water Source: Seawater

UF System and Module Employed: 10 skids of SFP 2660

Phase 1: 7 skids; Phase 2: 3 skids

Technical Process Vs. Operation Time
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Figure 2: Turbidity vs. Operation Time
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The Cost and Benefits 
of Desalination 
Many of you are familiar with the statistics, but they 
bear repeating: 

•	 More	than	1	billion	people	lack	access	to	safe	 
drinking water.

•	 In	the	developing	world,	waterborne	diseases	cause	
over 80 percent of illnesses.

•	 And	more	than	6,000	people	–	mostly	children	–	 
die every day from these diseases.

Dow	is	uniquely	positioned	to	provide	breakthroughs	
that	supply	cleaner	and	safer	water	to	those	in	need	–	
breakthroughs like lower cost desalination technologies 
and more effective ultrafiltration systems to drive water 
reuse.	An	effective	global	water	strategy	will	come	 
together when all stakeholders are engaged in the  
solution. 

An	effective	global	water	strategy	calls	for	action	 
in three key areas to alleviate the plight of those  
without water: water conservation; water reuse  
and desalination. 

Conservation
•	 In	developed	countries,	deteriorating	water	 
infrastructure	is	a	major	issue.

•	 70	percent	of	the	world’s	fresh	water	is	used	for	 
agricultural irrigation.

•	 Industry	must	take	responsibility	to	proactively	 
manage water use.

Reuse
•	 As	part	of	Dow’s	2015	Sustainability	Goals,	Dow	 

will continue to provide high-performance solutions  
to help facilitate sustainable water management.

•	 Dow’s	view:	Water	reuse	will	be	increasingly	deployed	
as a sustainable option to help deal with water  
scarcity.

•	 Ultrafiltration,	membrane	bio-reactor	and	reverse	 
osmosis	(RO)	membrane	technologies	are	helping	to	 
enable this trend. Dow is introducing new  
technologies that are making water reuse more  
cost effective, which in turn is helping to enable  
industrial growth.
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Desalination
•	 Desalination	provides	the	opportunity	to	provide	safe	

drinking water where freshwater resources are scarce  
or unavailable.

•	 The	technology	is	available.	Dow	is	the	world	leader	
in	RO	technology	–	enabling	more	than	8	billion	
cubic meters of water per year.

•	 Dow’s	products	and	technologies	have	been	an	 
integral part of the success stories of some of the  
largest seawater desalination programs, from  
Israel	to	Spain,	and	from	Florida	to	Australia.

Desalination provides many benefits, including drought-
proof reliability. It is effective in providing a water 
source alternative for drought-stricken areas that have 
few	other	options.	Countries	such	as	Australia	are	 
experiencing	an	annual	growth	of	desalination	of	 
30	percent,	which	is	largely	powered	by	renewable	 
energy and follows high environmental standards.  
In the U.S., desalination is effective in drought-proofing 
areas such as central Florida through the Tampa Bay 
Desalination	Plant.

Desalination also has a limited impact on the  
environment. Dow is leading the industry in new  
RO technology that is more energy efficient and has  
less impact on the environment than previous processes.  
Below are some of the reasons desalination is more 
energy efficient and environmentally friendly:

•	 Energy	requirements	for	RO	desalination	are	 
significantly less than for thermal desalination. 

•	 Energy	for	desalination	can	come	from	alternative	
sources like wind and solar power.

•	 Concentrate	left	over	from	the	desalination	process	 
is	safely	re-introduced	using	dispersion	techniques.

•	 Air	pollution	is	reduced	from	less	transportation	of	
potable water.

•	 High-quality	groundwater	is	protected,	with	reduced	
pumping	of	aquifers.

•	 Fish	habitats	are	improved	due	to	reduced	diversions	
from rivers, streams and groundwater.

Desalination	is	more	available	and	expandable	than	ever	
before. The innovations over the last decade in seawater 
desalinization	have	reduced	the	energy	costs	of	the	 
reverse osmosis portion of producing drinking water 
from seawater by a factor of ten. This makes  
desalination	a	more	viable	option	to	expand	a	 
community’s	water	supply.	Another	way	to	look	at	it:	
the energy it takes to drive a hybrid vehicle five miles  

is	equivalent	to	what	is	needed	to	generate	a	ton	of	
freshwater from seawater.

Finally, the cost of desalination has dropped  
dramatically over the past 25 years. On average,  
it	ranges	from	$2.43/m3	to	$0.65/m3 today although  
the costs might be slightly higher now due to increases 
in energy. There are two primary reasons for the  
lower cost of desalination: economies of scale and  
advancements in RO technology. 

The improvements in SWRO membrane technology 
have helped to enable widespread adoption of  
technology	–	due	to	lower	cost	and	higher	efficiency.	
Today’s	FILMTEC™	membranes	produce	8,000	gal/day,	
reject	99.8	percent	of	salt	water,	sell	for	half	the	price	
they	did	just	10	years	ago	and	produce	twice	as	much	
water in desalination and other applications. Further 
reductions	in	pressure	required	by	SWRO	will	result	in	
even higher productivity from membranes for the same 
energy	expenditures.	Dow	Water	Solutions	is	further	
committed	to	driving	a	35	percent	reduction	in	the	cost	
of	water	reuse	and	desalinization	worldwide	through	
component technology advances.

Dow believes global water issues are entirely solvable  
in terms of technology. However, the ultimate success  
in achieving United Nations and individual national 
goals	requires	an	approach	that	involves	people	from	
government,	business	and	humanitarian	organizations	
working together to create the right plans, priorities and 
solutions. 

The world is at a critical crossroads in desalination. 
Dow has made great progress in driving down both the 
cost	and	the	environmental	impact.	But	there’s	so	much	
more to be done. Continued population growth, climate 
change,	urbanization,	industrialization	and	 
pollution threaten to take the world two steps  
backward for every step the world moves closer to the 
goal of a safe and sustainable water supply for all.
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QAsk the Experts
Q: How can I prevent and not promote biofouling in  
my RO elements?
Biofouling1	is	a	major	headache	for	those	who	operate	reverse	osmosis	(RO)	equipment.	 
In	addition	to	the	ooze	and	slime,	the	effects	of	biofouling	include	lower	permeate	 
production,	higher	operating	pressures	and	frequent	cleanings.	In	this	article,	we	will	 
discuss a “new” form of biofouling. It is “self-inflicted” biofouling. This is perhaps the most 
tragic of all types of biofouling, but luckily one that the RO operator can control. Before  
one	can	control	self-inflicted	biofouling,	one	needs	to	understand	some	of	the	major	factors	
influencing biological growth in RO membranes.

Factors influencing biogrowth 
The four factors which influence biofouling 
are bacteria, nutrients, temperature, and 
oxygen	level.	This	influence	is	illustrated	in	
Figure 1.

RO	systems	that	are	frequently	plagued	by	 
biofouling have the four factors present at  
the levels needed to promote continuous  
bacterial growth. The result is rapid, or even, 
exponential	growth	of	bacteria	in	the	system.	
The rapid growth creates a large bacterial 
mat that plugs the brine channels in the 
reverse osmosis membrane.

One common attitude is to view biofouling 
as if it is “one of those inevitable things” 
that happen to RO systems. Beyond cleaning 
the RO membranes, there is little one can 
do	about	it.	Another	approach	is	to	view	
biofouling from the perspective of Figure 2. 
In Figure 2, each input to the biofouling  
process is shown with a valve which  
indicates that the operator can choose to 
control, or not control, the input. This does  
not	mean	that	exercising	control	is	easy	or	 
inexpensive.	For	example,	the	temperature	
of the feedwater can be controlled in several 
ways: choosing cooler feedwaters  
(well	water)	instead	of	surface	waters	or	
installing	chillers/heaters	to	control	the	 
feedwater. Either of these approaches  
requires	equipment	and	piping.	So,	while	
there is always a variety of technical options 
to deal with the problem, only a few may be  
cost-effective.

 1Note that in the context of this discussion we are primarily referring to bacterial fouling when the term biofouling is used.
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Four factors that affect biogrowth 
Temperature 
The rate of bacterial growth in RO systems depends 
strongly on the feedwater temperature. “Normally,”  
RO systems operating below 70ºF do not have  
excessive	bacterial	growth.	Once	the	temperature	rises	
above	75º,	many	bacterial	species	reproduce	very	quickly.	
This	explains	why	RO	systems	run	on	river	waters	often	
have biofouling in the summer as the water heats up.  
Systems	operating	on	cooler	well	waters	don’t	see	the	
same degree of biofouling.

In addition to the temperature of the feedwater, it is  
also important to consider what the temperature of the  
RO will be during shutdown and evaluate the potential 
for biofouling. RO systems that are shutdown can also 
have tremendous bacterial growth as the system warms 
up to the ambient temperature. 

Oxygen levels 
Bacteria are classified by their ability to live in the  
presence	of	oxygen.	Aerobic	bacteria	grow	in	the	presence	
of	oxygen	and	anaerobic	bacteria	grow	in	the	absence	 
of	oxygen.	RO	systems	generally	have	both	types	of	
bacteria growing in them. The aerobic bacteria live closer 
to	the	RO	inlet	where	dissolved	oxygen	is	more	plentiful.	
Anaerobic	bacteria	tend	to	grow	downstream	of	the	 
RO inlet. 

Nutrients 
Bacteria need carbon, nitrogen and phosphorous sources 
to sustain growth. The nutrient in shortest supply is often 
the	factor	limiting	the	growth	of	bacteria.	Generally	
speaking, carbon compounds are not in short supply in 
most water supplies. The common limiting nutrients are 
nitrogen, phosphorous, or sulfur compounds. Note that 
nutrients are the most controllable element in cases of 
“self-inflicted” biofouling.

Bacteria 
Obviously, bacteria must be present in the feedwater to 
have biofouling. It is perhaps not as obvious that one  
can control bacteria before they get to the RO system.  
The common approach reduces the number and viability 
of	bacteria	entering	an	RO	system.	Among	these	 
treatments are chemical biocide addition, chlorination, 
ozonation,	as	well	as	ultraviolet.	

In	addition	to	these	treatments,	one	very	effective	(but	
after	the	fact)	bacterial	control	is	a	thorough	membrane	 
cleaning. FILMTEC™ membranes should be cleaned 
first with a caustic solution maintained at a least pH 12. 
In	some	circumstances,	the	pH	can	be	raised	to	pH	13.	

These	levels	are	required	to	effectively	strip	the	biofilm	
layer from the membrane surface2.

Self-inflicted RO problems 
Water fed to thin-film polyamide membranes must be 
dechlorinated before contacting the membranes. Chlorine 
is	a	powerful	oxidant	that	can	destroy	the	membrane	very	
quickly.	A	popular	method	of	chlorine	control	is	sodium	
metabisulfite	(Na2S2O5)	addition.	Its	popularity	is	due	 
to the fact that the reaction between bisulfite and chlorine 
is	very	fast	and	chlorine	levels	drop	quickly.	Sodium	 
metabisulfite is also easy to use since it is readily  
available	as	a	10	or	30	percent	solution	in	45-gallon	
drums. In short, sodium metabisulfite appears to be an 
ideal	way	to	protect	membranes	from	chlorine	exposure.	
Unfortunately, there are two pitfalls one encounters when 
using sodium metabisulfite. These pitfalls are “more is 
better” and “buy in bulk,” and they both help create 
biofouling. 

More is better 
Two	questions	to	answer	when	dechlorinating	with	
bisulfite are “what is the appropriate dosage?” and  
“what is an appropriate way to control the dosage?” 
Often operators control the dose manually by adding 
enough	to	deal	with	the	maximum	chlorine	level	ever	 
seen in the system. Most of the time, the bisulfite level  
will	be	far	in	excess	of	what	is	needed	to	eliminate	 
chlorine.	The	excess	bisulfite	gives	the	water	a	 
tremendous shot of bacterial food. 

The	bisulfite	overdose	also	reduces	the	oxygen	level	in	the	
water	since	bisulfite	is	an	excellent	oxygen	scavenger	 
(see	equation	below).	Because	of	the	two	effects	of	
bisulfite over addition, the RO system becomes the perfect  
environment for the growth of sulfate-reducing bacteria 
and other anaerobes. These bacteria grow well in the  
absence	of	oxygen.		

Buy in bulk 
A	little-known	fact	about	bisulfite	addition	is	that	 
the	solution	should	be	replenished	frequently.	Bisulfite	 
solutions	sitting	in	an	open	drum	will	scavenge	oxygen	
from the surrounding air. The air will degrade the  
sodium metabisulfite according to the formula: 
Na2S2O5	+O2	+	H2O	Na2SO4	+	H2SO4

The by-products of this reaction are sodium sulfate and 
sulfuric acid, and both compounds promote the growth  
of sulfate reducing bacteria. Neither compound will  
control	the	chlorine.	As	the	bisulfite	solution	degrades,	
more solution must be added to the RO feed to  
compensate for the reduction in the solution strength.  

 2Consult www.filmtec.com for the latest membrane cleaning datasheet for further information.
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The	extra	bisulfite	solution	in	turn	provides	a	nutrient	
boost to the biofilms growing on the membranes.  
Mixing	a	fresh	bisulfite	solution	from	bisulfite	powder,	
rather than a drum of concentrated solution, will help 
maintain the effectiveness of the bisulfite solution.  
Alternatively,	sweeping	the	headspace	of	the	tank	with	 
an	inert	gas	like	nitrogen	will	minimize	oxygen	in	the	
solution.	Another	effective	approach	is	simply	to	replace	
the bisufite addition with a carbon bed.

Bisulfite addition summary 
Bisulfite is a double-edge chemical in an RO system.  
It is either reducing chlorine or it is feeding bacteria.  
It is important to dose correctly and avoid overfeeding  
the chemical. 

The final straw 
There	are	examples	of	plants,	located	close	to	one	another,	
that operate on the same water source. One plant will 
have massive biofouling problems and the other will  
have no biofouling problem. These strange circumstances  
highlight the need to look closely for nutrients being 
added	to	the	RO	system.	Antiscalants	are	often	 
overlooked as possible contributors to biofouling.  
However, it makes sense to suspect them since they  
are dosed into a system continually. There are many  
antiscalant formulations and they use a variety of  
inorganic and organic chemicals: phosphates,  
polyacrylates, amines, and surfactants, to name a few.  
In addition to the active ingredients, they may contain 
trace	quantities	of	other	contaminant	compounds	 
like acetates, simple glycols, formates, ammonia and 
methanol, which are present in the raw materials. Bacteria 
can	feed	on	all	these	compounds.	Antiscalants,	therefore,	
may be a tremendous source of food for biofilms. For this 
reason,	it	is	important	to	be	prepared	to	question	the	use	
of	antiscalants	in	one’s	RO	system.	Some	RO	designers	 
specify an antiscalant addition system if the Langlier  
Saturation	Index	(for	carbonate	scale)	calculated	by	
Dow’s	ROSA	program	shows	any	positive	value.	 
A	positive	value	means	that	there	is	a	potential	for	 
scaling. However, it does not automatically mean that  
a scale will actually form. 

The RO operator should not necessarily assume that  
because his system has antiscalant pumps that the  
antiscalant should be turned on the moment the RO 
system is started up. Some simple testing during the first 
few months of operation can determine if membranes are 
scaling3.	Antiscalant	dosages	should	be	adjusted	gradually.	
The “more is better” approach to antiscalant addition is 
not recommended.

The sick RO syndrome 
There is such a thing as an over-medicated RO system. 
These systems use a lot of continuous addition of  
antiscalants, bisulfite and biocides. Despite all the  
chemical dosing, these systems need to be cleaned  
frequently,	and	the	membranes	don’t	last	as	long	as	 
expected.	This	writer	advocates	a	more	skeptical	 
approach	to	chemical	use.	First	question	the	need	to	use	
any chemical at all and then be fanatical about controling 
the	dosage.	Proper	control	of	chemicals	such	as	bisulfite	
and antiscalants will limit the levels of additional bacterial 
nutrients added to an RO system. 

Data is part of the cure 
Tracking	RO	performance	using	a	normalization	program	
is a critical part of operating an RO system. Using a data 
normalization	program	makes	it	possible	to	notice	a	loss	
in system productivity, and then take action to clean and 
restore the system. RO manufacturers recommend  
cleaning	membrane	elements	when	the	normalized	flow	
has	dropped	by	10	percent.	At	this	level	of	flow	loss,	
biofouling is manageable. The biofouling can often be 
removed and the flow restored with one short cleaning 
cycle. If the cleaning is delayed, it will take more effort 
and several aggressive cleaning cycles in succession to 
remove	the	biomass.	It	is	important	to	emphasize	that	a	
fouled RO system needs several cleaning cycles to remove 
biofilm. One cleaning cycle will certainly restore some 
flow, but it is often incomplete. Incomplete cleaning  
simply means that the biofilm will re-establish itself 
quickly.

Summary 
Operating a reverse osmosis system can be very simple  
or very difficult. What makes operating an RO system  
difficult is the growth of biofilms in the membrane.  
The first step toward simplfying an RO system is to  
question	and	review	the	use	of	chemical	additives.	Are	the	
chemicals additives in your RO providing nutrients which 
encourage	growth	of	bacteria?	Are	there	alternatives	to	
using these chemicals?

The second step toward simplifying RO operation is to 
use	normalized	flow	data	to	decide	when	to	clean	the	RO.	
Cleaning the RO when the data indicates the system needs 
cleaning will prevent build up of the biofilm and ensure 
continued reliable operation.

For	more	information,	contact	Cliff	Gilbert,	senior	account	
manager,	at	856.231.8392,	or	cdgilbert@dow.com.

 2Element autopsy, changes in element weight, and analyzing used membrane cleaning solutions are some of the approaches used to test for membrane scaling.
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QAsk the Experts
Q: How do I repair broken DOW™  
Ultrafiltration fibers?
A:	We	have	the	DOW™	Ultrafiltration	Fiber	Repair	kit	for	repairing	UF	fibers.	

The kit includes:

1)	Concentrate	tube	plug:	an	assembled	tool,	used	to	seal	the	concentrate	side	 
of	the	membrane	so	it	can	be	pressurized.	

2)	Air	supply	apparatus:	an	assembled	tool,	used	to	supply	oil-free	compressed	
air	to	the	module/skid	during	test	and	repair.

3)	Fiber	repair	essentials:	items	such	as	glue	and	repair	pins	to	complete	the	
repair.

Apart	from	the	tools	mentioned	above,	the	kit	also	includes	a	detailed	repair	 
protocol and a demonstration video, which provides instructions throughout  
the test and repair process. The DOW™ Ultrafiltration fiber repair protocol and 
a new fiber repair kit video are available via our website: http://www.dow.com/
webapps/lit/litorder.asp?filepath=liquidseps/pdfs/noreg/795-00028.pdf&pdf=true

For	more	information	contact	WU	Fei,	Product	Marketing	Specialist,	 
at	+86-21-61404333	ext.	211	or	FWu@dow.com.

Major 2009 Tradeshows for Dow Water Solutions
Event Date(s) Event Location
1/19/2009 – 1/21/2009 Environment Exhibition 2009  

and Conference
Abu Dhabi National  
Exhibition Centre
Dubai, UAE

1/27/2009 – 1/29/2009 Bismarck Energy Generation Conference Bismarck Civic Center
Bismarck, North Dakota, U.S.A.

1/28/2009 – 1/30/2009 6th Annual Everything  
About Water Expo

Hall #18 Pragati Maidan
New Delhi, India

5/1/2009 Aquatech China Shanghaimart Expo
Shanghai, China

5/16/2009 – 5/20/2009 EDS Conference on Desalination and the 
Environment

TBD
Baden-Baden

6/2/2009 – 6/4/2009 Electric Utility Chemistry  
Workshop 2009

Hawthorne Suites
Champaign, Illinois, U.S.A.

6/22/2009 – 6/26/2009 Singapore International  
Water Week

Suntec Singapore International  
Convention and Exhibition Center
Suntec City, Singapore

11/7/2009 – 11/12/2009 2009 IDA World Congress Atlantis Resort, The Palm Dubai, UAE



Update on Field Trial Results  
for FILMTEC™16 - Inch Membrane Modules:
Bedok NEWater Factory, Singapore
Authors:  
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Mike S. Koreltz;  
Martin H. Peery;  
Glen W. Peterson; 
Echo Zhao;
Renee Ong 

Summary 
FILMTEC™	membrane	modules	were	fabricated	in	a	16-inch	diameter	format	for	 
use	in	seawater	and	brackish	water	(BW)	reverse	osmosis	applications.	This	report	
provides  
preliminary results from the ongoing evaluation of these modules in a brackish  
water-reuse	setting.	The	results	demonstrate	a	4.3	times	increase	in	membrane	area	 
and permeate productivity over standard 8-inch diameter modules, with no difference  
in	solute	rejection.

Module construction 
The	16-inch	modules	were	fabricated	with	an	active	area	and	productivity	4.3	times	
that	of	commercial	37	m2	(400	ft2)	8-inch	products.	Typical	performance,	based	upon	
30-minute	post-production	testing,	is	shown	in	Table	1.

The materials of construction were identical to those used in 8-inch FILMTEC products. 
The	16-inch	by	40.5-inch	modules	were	fabricated	with	97	membrane	leaves	measuring	
950	mm	(37.5	inches)	in	length.	The	design	achieved	greater	than	90	percent	module	
efficiency based upon leaf length, membrane permeability and permeate spacer  
pressure	drop.	The	active	area	was	160	m2	(1725	ft2).	Feed	spacer	thickness	was	 
0.71	mm	(0.028	inches).	

System configuration and operating conditions 
The	Bedok	NEWater	Plant	is	owned	and	operated	by	PUB,	the	national	water	agency	 
of	Singapore.	Parallel	trains	of	8-inch	and	16-inch	BW	modules	were	installed	in	 
October 2007, to provide comparative performance data in a challenging water reuse 
application. The Bedok feedwater, which contains treated industrial and municipal  
effluent, undergoes pretreatment by ultrafiltration prior to reverse osmosis.  

1 BW test conditions of 15.5 bar (225 psi), 2000 ppm NaCl, 25ºC, 15 percent recovery, pH 8. 

Table 1: 16-inch Module Active Area and Typical Performance

Module Type Typical Performance1

Membrane Type
Feed Spacer  
Thickness mm 

(inch)

Active  
Membrane Area 

m2 (ft2)

Permeate Flow 
m3/h (gpd)

Stabalized  
Rejection %

BW 0.71 (0.028) 160 (1725) 170 (45,000) 99.5

10 Splash www.dowwatersolutions.com
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The	feedwater	contains	300	to	500	ppm	of	total	dissolved	solids.	The	temperature	is	
30C	with	only	small	fluctuations.

Parallel	8-inch	and	16-inch	trains	were	installed,	each	with	2	by	1	arrays	of	7-module	 
pressure	vessels.	The	modules	contained	37	m2	and	160	m2	(400	ft2 and 1725 ft2)	 
of membrane active area, respectively. The trains were independently controlled to  
the	same	average	flux	of	17.5	lmh	(10.3	gfd)	and	the	same	recovery	of	75	percent.	

Comparative operation 
Comparison	between	the	trains	showed	equivalent	feed	pressure,	pressure	drop,	and	 
permeate	quality,	within	ranges	consistent	with	normal	membrane	variation,	at	the	 
beginning and at the end of the performance period. Both trains were started on  
October	10	and	were	brought	to	their	target	flux	and	recovery	on	October	16.	 
Comparative	data	are	presented	for	October	16,	2007,	and	for	September	9,	2008	 
in Table 2.

Data were recorded continuously, enabling a comprehensive comparison that included 
the effects of fouling and chemical cleaning. The trains were run simultaneously to the 
extent	possible	and	were	automatically	controlled	to	the	same	flux	and	recovery.	

1 Net feed pressure is the pressure in the feed header minus the permeate backpressure for the train.

Table 2: Comparison of 8-Inch and 16-Inch Performance for Parallel 2x1x7M Trains;  
Bedok NEWater Plant, Singapore; 17.5 lmh (10.3 gfd) Average Flux and 75 Percent Recovery

Comparison  
of 24 hr  
Average  
Values

October 16, 2007
Feedwater; 730 S/cm 31.2C

September 9, 2008
Feedwater: 656 S/cm 30.7C

Net Feed  
Pressure1 Bar 

(psi)

Pressure Drop 
Bar (psi)

Permeate  
Conductivity  

S/cm

Net Feed 
Pressure1 Bar 

(psi)

Pressure Drop 
Bar (psi)

Permeate  
Conductivity  

S/cm
8-inch BW 6.05 (87.7) 1.75 (25.4) 13.3 5.80 (84.1) 1.79 (26.0) 15.0

16-inch BW 6.07 (88.0) 1.86 (27.0) 15.3 5.76 (83.5) 1.64 (23.8) 17.1
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Dow Water Solutions was awarded the following high-profile 
projects in 2008:
· Sydney Bluewater JV, Australia (Veolia) 

· Hadera, Israel (IDE) 

· Cape Preston, Australia (IDE) 

· Larnaca, Cyprus (IDE) 
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Feed	pressures	are	compared	in	Figure	5.	During	one	three-day	period,	the	16-inch	 
train was running while the 8-inch was shut down. This permitted backflow of  
16-inch	permeate	into	the	8-inch	permeate	collection	manifold,	unintentionally	 
imposing	a	gentle	backwash	on	the	8-inch	membrane.	This	episode	is	labeled	(1)	in	 
Figure	1.	At	points	(2)	through	(5)	identical	chemical	cleanings	of	both	trains	were	 
carried out using a two-hour soak at ambient temperature and pH 12. Differences in 
feed	pressure	were	therefore	due	to	unequal	treatment	during	periods	of	shutdown,	
rather than differing rates of fouling or cleanability. The feed pressures of both trains 
returned to their startup values after cleaning.

Permeate	backwash	of	the	8-inch	train	occurred	once	(1),	and	chemical	cleaning	of	both	
trains	was	performed	four	times	(2)(3)(4)(5).

Salt	rejection	is	plotted	in	Figure	2.	A	small	difference	in	rejection	was	noted	upon	
startup, and the offset was constant throughout the performance period. The difference 
between	the	permeate	streams	–	approximately	2	mho/cm	or	1	ppm	TDS	–	was	within	
normal membrane variation.

Figure 2: Comparison of System Salt Rejection for 8-Inch and 16-Inch Permeate

Figure 1: Comparison of Net Feed Pressure for 8-Inch and 16-Inch Train Trial  
at Bedok NEWater Plant, Singapore, beginning October 2007
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Conclusions 
Findings based upon the parallel operation 8-inch 
and	16-inch	reverse	osmosis	systems	run	at	the	
same	overall	flux	and	recovery	were	as	follows:

•	 The	16-inch	system	produced	4.3	times	more	
permeate than the 8-inch system, in keeping 
with	the	4.3	times	difference	in	module	active	
area.

•	 Within	the	context	of	normal	membrane	 
variation,	equal	performance	was	noted	for	
the net feed pressure, feed-side pressure drop, 
permeate conductivity, response to chemical 
cleaning, and rate of fouling of these systems.

Dow Water Solutions is also releasing its 6.2 version of ROSA  
(reverse osmosis system analysis), a comprehensive membrane  
engineering tool for system design and evaluation of existing plant 
performance. Software improvements include:

•	Internally	staged	design	(ISD)	capability

•	Permeate	split	stream	calculations

•	Improved	modeling	at	high	temperature	and	pressure

•	Element	value	analysis	(EVA)/cost	analysis

You Should Know…



A solution in every drop of 

water. In the simple bond of hydrogen and  

oxygen, the complexity of human need presents  

itself. But if we apply chemistry, using the Human  

Element as our filter, we discover solutions as vital as  

water itself. Solutions like advanced desalination and  

re-use technology from Dow Water Solutions that 

make the purification and recycling of municipal  

water possible. 

Dow Water Solutions’ reverse osmosis technology  

is at work in three wastewater reclamation and  

reuse facilities in Beijing, China. Reverse osmosis  

technology enables Beijing to meet its 50 percent  

wastewater reuse rate for the 2008 Beijing Olympic 

Games this summer. It also helps address growing  

worldwide demand for water and China’s  

own commitment to conservation and reuse. Caring  

for man is caring for the future of mankind.  

And that is what Dow is all about. 

www.dowwatersolutions.com

www.dow.com/hu
®™The DOW Diamond Logo and Human 
Element and design are trademarks of  
The Dow Chemical Company © 2008
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Dow Water Solutions Announces $88 Million Edina Expansion
Investment increases production facility more than eleven times to 630,000 square feet

Dow	Water	Solutions	has	announced	that	it	will	expand	its	presence	in	Edina,	Minnesota,	to	further	 
its	commitment	to	addressing	the	world’s	growing	demand	for	high	quality	water.	The	$88	million	 
manufacturing	expansion	is	the	third	expansion	at	the	Edina	manufacturing	location	in	the	past	 
eight years. 

The	Dow	Water	Solutions	facility	will	feature	an	expanded	manufacturing	area	to	produce	additional	 
advanced	water	solutions,	such	as	reverse	osmosis	and	nanofiltration	membranes.	The	expansion	will	 
also	include	the	automated	processes	required	to	produce	16-inch	diameter	elements.	Comprised	of	 
roughly	630,000	square	feet,	the	expanded	facility	will	be	more	than	eleven	times	the	square	footage	 
of	Dow’s	original	plant	in	Edina	and	will	feature	leading-edge	process	and	manufacturing	technology,	 
additional	membrane	lines	and	new	fabrication	cells.	It	will	introduce	further	automation	to	the	company’s	
already automated production capabilities. The new lines are scheduled to begin operation in 2008,  
increasing	the	company’s	total	output	by	an	initial	25	percent.

Dow to Build Global Water Technology Development Center in Spain 
Dow Water Solutions will build a Water Technology Development Center at the Dow facilities in  
Tarragona, Spain. The center will include capabilities for product application development and  
component	testing,	and	is	designed	to	accelerate	the	commercialization	of	Dow’s	membrane	and	 
ultrafiltration technologies, which enable the production of clean drinking water from various water 
sources, including seawater.

Dow	is	investing	US$15	million	in	the	center,	which	is	expected	to	open	at	the	end	of	2009	and	employ	 
25	expert	researchers.	The	company	has	been	granted	subsidies	from	Spain’s	Ministry	of	Industry	for	 
the	research	programs	in	this	area,	in	line	with	the	Spanish	government’s	commitment	to	research	and	 
development,	specifically	in	the	field	of	sustainable	water	supplies.	This	project	is	part	of	a	continuous	
investment	program.	Two	years	ago,	the	company	opened	the	global	textile	fibers	center	at	the	Tarragona	
site. Dow also has a European center for plastics development at the site.

The	center’s	proximity	to	the	Mediterranean	will	provide	access	to	seawater,	with	the	additional	options	 
of accessing brackish water, industrial wastewater, and treated river water. By replicating real-world  
operating conditions in large-scale pilot plants, Dow Water Solutions will enhance its understanding  
of how to achieve the best performance and lowest operational costs for treating water. The center will  
feature	a	state-of-the-art	demonstration	area	showcasing	Dow	Water	Solutions’	leading	capabilities	in	
water treatment technology to its customers.

Dow	has	selected	Acciona	Agua	as	its	partner	for	the	design	and	construction	of	the	pilot	plant,	based	 
on	the	company’s	extensive	experience	and	expertise	in	this	field.

www.dowwatersolutions.com 15Splash

Expansions



® TM The DOW Diamond Logo and Human Element and design  
are trademarks of The Dow Chemical Company © 2008

Published	November	2008 
Printed	in	U.S.A.

Form	No.	609-02141-1108XBBI

For more information, contact us: 

www.dowwatersolutions.com

North America 
1-800-447-4369 

Latin America 
55-11-5188 9222 

 

Europe 
+800 3 694 6367

Asia/Pacific
800 7776 7776

Hig
he

st 
Cle

an
ab

ilit
y 

 

Fou
ling

 Re
sis

tan
t M

em
bra

ne 
iLEC

™  In
ter

loc
kin

g E
nd

cap
s 

 

34
 m

il f
ee

d s
pa

cer
 

 

28
 m

il f
ee

d s
pa

cer
 

 

Ac
tiv

e A
rea

 (f
t2 ) 

 

Pe
rm

ea
te 

Tub
e I

.D.
 (in

) 

Hi
gh

Re
je

ct
io

n
Lo

w
 

En
er

gy
 

Fo
uli

ng
 

Re
sis

ta
nt 

Performance Attributes Construction Features 

400 

440 

400 

365 

400 

440 

400 

365 

BW30-440i 
BW30-400/34i 
BW30-400 

BW30-365 

LE-440i 
LE-400 

XLE-440 

BW30-400-FR 

BW30-365-FR 
Flo

w 
Ra

te 
(gp

d) 
 

10,500 

10,500 

11,500 

10,500 

12,650 

11,500

9,500 

9,500 

12,700 
Fe

ed
 Pr

es
su

re 
(ps

i) 
 

100 

225 

225 

225 

225 

150 

150 

225 

225 

Sta
bil

ize
d R

eje
cti

on
 (%

) 
 

99.5 

99.5 

99.5 

99.5 

99.3 

99.3 

99.5 

99.5 

99.0 440 

1.125 

1.125 

1.125 

1.125 

1.125 

1.125 

1.125 

1.125 

1.50 

BW30 - Permeate flow and salt rejection for BW30 elements based on the following standard conditions: 2,000 ppm NaCl, 225 psi (15.5 bar), 77˚F (25˚C), pH 8 and 15% recovery.
LE - Permeate flow and salt rejection for LE elements based on the following standard conditions: 2,000 ppm NaCl, 150 psi (10.3 bar), 77˚F (25˚C), pH 8 and 15% recovery.
XLE - Permeate flow and salt rejection for XLE elements based on the following standard conditions: 500 ppm NaCl, 100 psi (6.9 bar), 77˚F (25˚C), pH 8 and 15% recovery.

FILMTEC™ Brackish Water Elements – Performance Data

FILMTEC™ Seawater Elements – Performance Data

SW30XHR-400i 800 6,000 99.80 93 1,200 400

SW30HRLE-400i 800 7,500 99.75 89 1,200 400

SW30HR-380 800 6,000 99.70 90 1,000 380 

SW30HR-370/34i 800 6,300 99.75 91 1,200 370

SW30XLE-400i 800 9,000 99.70 88 1,200 400

SW30ULE-400i 800 11,000 99.70 87 1,200 400
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