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Two advances in wastewater treatment technol-
ogy promise to save significant amounts of energy and 
improve processing efficiency.

The first, by scientists at Nanyang Technological 
University (NTU), Singapore, involves a new type of 
nanofilter that could reduce up to five times the energy 
needed to treat wastewater (Figure 1).

Typically in a wastewater treatment process, an ultra-
filtration (UF) membrane removes small particles from 
the water before it goes to a reverse osmosis (RO) mem-
brane for final purification. The high pressure needed for 
RO means the pumps require a lot of energy.

However, NTU’s proprietary nanofiltration hollow-
fiber membrane combines both processes into one step. 
It also requires only two bars of water pressure, yet pro-
duces water almost as pure as the RO process.

Researchers at NTU’s Nanyang Environment and 
Water Research Institute (NEWRI) have spent two years 

developing the new membrane; it’s now being commer-
cialized by NTU spin-off company De.Mem, Singapore.

De.Mem, which owns more than a dozen water treat-
ment plants in Vietnam and Singapore, will be building 
a pilot production plant in Singapore to manufacture the 
new membranes.

“With the increasing urbanization of cities and fast 
growing global population, more cities and communities 
will face an unprecedented challenge to meet growing 
demand for clean water and wastewater treatment,” notes 
professor Ng Wun Jern, executive director of NEWRI.

NTU professor Wang Rong, director of NEWRI’s 
Singapore Membrane Technology Centre, says his team 
designed the new membrane for commercial scale-up and 
production.

“Our new membrane is also easy to manufacture 
using low-cost chemicals that are 30 times cheaper than 
conventional chemicals, making it suitable for mass pro-
duction,” he adds.

Andreas Kroell, chief executive officer of De.Mem, 
says the new membrane fills a gap in the current market 
for water treatment: “Such an effective and efficient tech-
nology has significant market potential and can be used 
in many of De.Mem’s projects that involve the treatment 
of industrial wastewater, too.” 

De.Mem’s next step is to test the new membrane tech-
nology in a number of its treatment plants to verify its 
effectiveness and efficiency at an industrial scale. If this 
goes well, the company will then scale up its membrane 
production plant, too.

Meanwhile, researchers from the Universitat Autòno-
ma de Barcelona (UAB), Barcelona, Spain, and techni-
cians at water treatment company Depuración de Aguas 
del Mediterráneo (DAM), Valencia, Spain, will soon put 

More Efficient Wastewater Treatment Looms 
New technologies could lead to greener, less-expensive manufacturing processes

By Seán Ottewell, Editor at Large

Figure 1. Nanyang Technological University’s nanofiltration hollow fiber 
membrane combines both ultrafiltration and reverse processes into one 
step. Source: NTU, Singapore. 

Single-Step Process
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into operation an experimental plant at the Rubí-Vall-
doreix wastewater treatment plant, with the objective of 
making the treatment process generate more energy than 
it consumes (Figure 2).

The technology has been developed as part of a project 
that focuses on the radical redesign of wastewater treat-
ment plants to make them more efficient. Of the €1,169,068 
budget, the European Union’s LIFE Programme is funding 
58%. This is the EU’s only funding devoted exclusively to 
the environment; its general objective is to contribute to sus-
tainable development and other important strategies related 

to climate and the environment.
UAB researchers say present-day wastewater treat-

ment plants require a minimum energy consumption of 
8–15 kWh/inhabitant/year to meet legal requirements on 
effluent discharge in terms of organic matter, nitrogen 
and phosphorus. This means considerable greenhouse gas 
emissions and high costs. Eliminating these costs could 
save €500 million to 1 billion (≈$550 million to $1.1 bil-
lion) per year in EU countries, they estimate.

This new treatment plant will use all organic matter 
in wastewater to produce biogas for heat and electricity. 
In addition, the nitrogen in the wastewater will be elimi-
nated autotrophically, i.e., without the need for organic 
matter, by means of a new technology based on two 
biological stages: an aerobic partial-nitration reactor and 
an anaerobic ammonium oxidation (anammox) reactor.

The system has been laboratory tested; the pilot plant 
at Rubí-Valldoreix will treat 3 m3/d of wastewater.

Compared with current urban wastewater treatment 
systems, UAB researchers predict the new process could 
consume 40% less energy, reduce nitrogen compound 
disposal by 10% and greenhouse gases emission by 20%, 
and increase biogas production 50%.

Pilot plant operation is expected to start in the first 
quarter of 2017, with the first experimental results due at 
the end of next year. Ongoing validation of the process 
will continue into 2018.  

Figure 2. Researchers in Barcelona are attempting to develop a waste-
water treatment process that generates more energy than it consumes. 
Source: UAB, Barcelona.

Biogas
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Jacobi Carbons, Inc.      215-546-3900
Columbus, OH, USA    www.jacobi.net

Industry Standard Activated 
Carbons for Wastewater Treatment

Type/Application

Granular, Moderate Activity – TOC / COD Removal
Granular, High Activity – TOC / COD Removal
Granular, Microporous – VOC Removal
Powdered Grade – VOC Removal

Product

AquaSorb™ 80
AquaSorb™ 90 
AquaSorb™ CS 
AquaSorb™ CP1

Jacobi Carbons, a worldwide leader in activated carbon technology, 
manufactures our AquaSorb™ line of activated carbon products to meet the 

most challenging wastewater treatment applications, with grades produced 
from coal, coconut, and proprietary blends of raw materials.  Whether the 

wastewater treatment challenge is overall organic/toxicity reduction, decreasing 
chemical oxygen demand (COD), or eliminating specific volatile organic 

compounds (VOCs), Jacobi can assist in the selection of the correct grade of carbon, 
including laboratory testing and analysis.

http://www.jacobi.net
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Many chemical makers now are focusing intently on 
water issues, prompted by concerns over water supply, quality 
and cost as well as by the quest for improved sustainability. 
As the experiences of Dow, Huntsman, Bayer and AkzoNo-
bel show, optimizing water use requires careful analysis of all 
production processes involved. 

“Changing water source is effectively a change in raw mate-
rial and, therefore, numerous checks have to be carried out be-
fore it can happen,” cautions Verónica García Molina, EMEA 
technical service and development manager, and global water 
technology center R&D manager, Dow Water and Process 
Solutions (DW&PS), Tarragona, Spain.

Huntsman Corp., The Woodlands, Texas, stresses that an 
accurate and comprehensive view of plant water use must un-
derpin efforts. At its facilities in drought-stricken Texas, noth-
ing has escaped attention: “To meet the water authority’s call 
for conservation, operating personnel at the Port Neches plant, 
located 100 miles east of Houston, went through every unit to 
identify areas for reducing or eliminating water use, including 
replacing leaking valves,” notes Mike Miller, senior manager, 
environmental, Huntsman Port Neches operations.

SPANISH SUCCESS

Dow’s technology center in Tarragona (Figure 1) focuses both 
on development of technologies to improve water treatment 
and on process optimization and integration needed to imple-
ment them to the best effect. An ongoing water optimization 
project at the Camp de Tarragona chemical complex exempli-
fies a successful combination of the two.

The Tarragona region of Spain traditionally suffers rainfall 
shortages. The chemical complex takes water from the River 
Ebro, one of the most important rivers in Spain. The river also 
supplies the Camp de Tarragona municipality, which is popu-
lar with tourists; the local population of 200,000 can triple to 
600,000 in a busy season. Unfortunately, drought and demand 
have caused a 25% fall in river volume over the last 60 years.

For its part, the chemical complex draws 19,000m3/h of 
water from the Ebro. Home to almost 30 chemical companies 
— including a Dow facility that manufactures olefins, poly-
olefins, polyglycols, surfactants and performance fluids — and 
employing over 33,000 people, the site produces more than 
21 million mt/y of products; it is the most important chemical 
complex in the Mediterranean region. 

Backed by almost €6 million ($6.7 million) in funding 
from the DEMOWARE water reuse initiative of the European 
Union (EU), the complex in 2014 started a project aimed at 
replacing river water with treated wastewater from the munici-
pality. 

For Dow, this meant cutting back on the 6 million m3/y of 
river water it alone used.

Today, Dow relies on a blend of 40% reclaimed water and 
60% Ebro water. The plan eventually is to raise the level of 
reclaimed water in the blend to 90%.

“There were questions and concerns about the impact of 
the change in areas like corrosion, scaling and biofouling or 
bacteria growth phenomena. We reached a common agree-
ment with the plant after about six months of a deep review 
process which included failure modes and effects analysis,” says 
Molina.

Some surprises have occurred. For example, with the 
current 40% reclaimed water blending, DW&PS projected 
a 20–30% reduction in blowdown water production by the 
plant processes because of the better quality. In fact, the drop is 
nearly 50% now, which has cut the cost of treating the result-
ing wastewater, too. 

The current 40% blending also has pared the volume of 

Keep Calm and Save Water 
Processors adopt diverse approaches to cut consumption

By Seán Ottewell, Editor at Large

Figure 1. Spanish site both develops water-treatment technologies and 
works to optimize and integrate them. Source: Dow Water & Process 
Solutions.

FOCUS ON WATER



 	 8  	  

chemicals needed in cooling towers by about 23%, again be-
cause of the higher quality water. Dow expects to increase the 
amount of reclaimed water used in its ethylene-cracker cooling 
tower to 90% over the next 2–3 months. 

“The expectation is that with better water quality we 
will also see additional benefits and savings due to less foul-
ing buildup that, in turn, will lead to a decrease of cleaning 
operations in heat exchangers and other plant equipment,” 
adds Molina.

One innovation stemming from this project is the idea of 
using DW&PS’ minimal liquid discharge approach as part 
of the cost/benefit analysis. This enables an increase in the 
recovery of a system from 70% (achievable using a standard 
reverse-osmosis configuration) to as much as 95% at a 60% 
lower cost compared to alternative technologies such as zero 
liquid discharge, says Dow. 

This month, the company is starting a new project at 
Tarragona, which initially will be funded by the EU as a 
demonstration unit, that will allow the site to treat and reuse 
its own wastewater rather than send it to the local wastewater 
treatment plant. DW&PS is partnering on the project with 
Veolia Spain — following good experiences with the company 
during DEMOWARE and other efforts, according to Molina. 
Startup is expected in January or February. Already settled is 
the ultrafiltration technology: Dow IntegraFlux, which allows 
up to 15% energy savings, while Dow’s new Filmtec Fortilife 
membranes will handle reverse osmosis.

“The flow to be treated will be low, around 4 m3/h, but 
this will be the first step. If the results are successful, we could 
expect total savings of up to 30–40%, including savings as-
sociated to the cost of treating the waste stream and the savings 
associated with the fresh water consumption decrease, but this 
is still a preliminary assumption,” notes Molina.

DROUGHT-DRIVEN STEPS

The persistent drought in Texas has prompted Huntsman to 
implement measures to limit water use by as much as 30% at 
its plants in the state. The measures remain in effect; work to 
further reduce water use is ongoing.

The Port Neches facility started recycling its wastewater 
and changed routine firewater testing to avoid excessive use. 
Another saving came from the reverse osmosis unit used to 
produce high quality water for boiler feed. Originally 30% of 
this had been discharged. “Recycling this is saving us 600 gal/
min of water,” says Miller.

The company’s specialty plant in Conroe, Texas, 30 
miles north of Houston, (Figure 2) has focused its atten-
tion on the two onsite wells that supply groundwater for the 
production of amines, carbonates, urethane catalysts and 
surfactants. The plant had been withdrawing water at a set 

rate regardless of demand, sending excess water to the plant 
wastewater treatment system. It now has installed a variable-
frequency-drive (VFD) motor so operations staff can adjust 
the pumping rate based on demand.

“The plant has also made improvements to increase con-
densate recovery, by collecting condensate produced during 
the process and putting it back into the system. As a result, site 
water usage has dropped by 7%,” notes plant manager Walter 
Stamm.

Huntsman’s Chocolate Bayou plant at Alvin, Texas, 40 
miles south of Houston, which manufactures linear alkyl-
benzene, originally used 820,000 gal/d of water from the 
Brazos river for cooling tower evaporation and for steam boiler 
makeup. “As drought conditions worsened, the site was called 
on to reduce water supplied from the river. Today, we have 
reduced the amount of makeup water needed and also recycled 
water for other uses — reducing both intake and discharge by 
15%,” boasts plant, product and asset manager John Wiley.

Huntsman has shared the experiences of the Texas plants 
as best practices and implemented them elsewhere as needed, 
says Roy Conn, global sustainability coordinator. In Texas, one 
strategy the company is investigating is collecting storm water 
to provide emergency supplies in times of drought, he adds. 

Meanwhile in the company’s textile effects (TE) division, 
process modifications have made cleanout procedures more 
efficient, increasing output of the plants without the need for 
additional water supplies. 

“Before the consolidation effort, TE discharged 12 tons 
of water per one ton of dye produced. Today, that number has 
been cut in half. The team also employed advanced technolo-
gies to improve effluent treatment at plants, removing hazard-
ous chemicals to significantly improve the overall quality of 
water being discharged,” explains Barry Griffin, vice president, 
operations.

In Finland, Huntsman’s Pori pigments and additives plant 
uses 16 billion gal/y of river water. Now, the site returns 90% 
of this to the river. Moreover, it’s cleaner than the water drawn 
from the river — thanks to treatment with a ferric sulfate 
coagulant that is a byproduct from Huntsman’s own TiO2 pro-

Figure 2. Specialties plant installed a variable frequency drive to allow 
adjusting water intake to demand. Source: Huntsman Corp. 

TEXAS SITE
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cess. “Another ferric additive is also supplied from the nearby 
Kemira plant,” adds Kati Ruusunen, Pori EHS manager. 

In an interesting twist here, the water, which is potable, can 
be piped directly to the local town in an emergency, as hap-
pened three years ago when 47,550 gal/h of treated water was 
diverted following a rupture in the town’s supply line.

LEVERAGING COOLING WATER

Bayer, Leverkusen, Germany, also is making concerted efforts 
to cut water usage. In 2015, total water consumption in the 
group fell by 1.1 % to around 346 million m3.

Cooling water represents about 73% of all water used 
by the company. In cooling other streams, this water only is 
heated and doesn’t come into contact with products. So, it 
can be returned to the water cycle without further treatment 
in line with the relevant official permits, says the company. 
The total volume of once-through cooling water was around 
240 million m3 in 2015. Water currently is recycled at 35 
sites, for example, in closed cooling cycles, through the 
reuse of treated wastewater or the recirculation of steam 
condensates as process water. The company reused a total of 
10.5 million m3 of water in 2015.

Bayer is running numerous projects and initiatives at plants 
around the globe. 

A number of sites have set themselves specific water-
related goals as part of environmental management 
measures within their HSEQ [health, safety, environ-
ment and quality] management process, ISO 14001 
certification, or the EU’s EMAS [eco-management and 
audit scheme] validation services. For example, at Bayer’s 
Antwerp complex, one initiative for increasing water 
efficiency is the development of a cost calculation for the 
re-engineering of wastewater streams in one plant to bet-
ter separate the heavily contaminated streams from the 
less polluted ones. 

The Bayer Integrated Site Shanghai in China, which 
produces polycarbonates, polyurethanes, coatings and raw ma-
terials for adhesives and is the largest and most important plant 
of Bayer Material Science (BMS) in the Asia Pacific region, has 
hit almost all of its targets for water use by better control and 
optimization of the production processes, says the company.

Meanwhile, a three-year project now is underway to reduce 
water use at the BMS (now Covestro) 250,000-mt/y polycar-
bonate production site in Map Ta Phut, Thailand. One of the 
main focuses here is on acid water recirculation. 

In another three-year project, Bayer Technology Services’ 
Belford Roxo, Brazil, site will add a water recycling system that 
will allow 90% of current wastewater from its polyurethane 
unit to be used as process water.  

ECO-EFFICIENCY

AkzoNobel, Amersterdam, treats its water management 
efforts as an integral part of its ongoing operational eco-
efficiency program. 

A project at its Barcelona coatings facility exemplifies the 
approach. It centers on monitoring density in reused wash 
water to determine its solids’ content. This information is used 
to balance the solids/water input for the batch and to better 
manage overall water consumption.

Such monitoring has reduced solid waste in the 
treatment plant and allowed reuse of wash water in the 
next batch. This has resulted in annual savings of almost 
€80,000 ($90,000), €46,000 ($52,000) from extra paint/
yield increase and the rest from decreased water treatment. 

A project at the Kristinehamn adhesives plant in Sweden 
involved installing a VFD system on cooling water pumps and 
automating the associated valves; this has allowed the plant to 
tailor fresh water intake to production rather than draw water 
at a constant rate. As at Huntsman’s Conroe facility, this has 
stopped waste of unused fresh water. 

“Refinery Tackles Water Issues,” 
	 http://goo.gl/kcigFB
“Technology Buoys Water Treatment,” 
	 http://goo.gl/2mjnVO
“CP eHandbook: Consider These Water Best Practices,” 
	 http://goo.gl/75jKzQ
“Chemical Makers Transform Their Water Sourcing,”
	 http://goo.gl/qF3r8C 
“Water Conservation Efforts Pay Off,” 
	 http://goo.gl/PaoyyE 
“Water Worries Aren’t Dampening,” 
	 http://goo.gl/BNZd1U 

“Water Wins Wider Attention,” 
	 http://goo.gl/0B5CSw 
“Save Water When Handling Slurries,” 
	 http://goo.gl/qCbSbD 
“The Tide is Turning,” 
	 http://goo.gl/d6j56x 
“Plant Pares Water Use and Disposal Costs,” 
	 http://goo.gl/DDNu8j 
“Water Turns Green,” http://goo.gl/wN8dPD
“Improve Water Quality,” http://goo.gl/KLYUZb 	
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eHandbooks 
Check out our vast library of past eHandbooks that offer a wealth of 
information on a single topic, aimed at providing best practices, key 
trends, developments and successful applications to help make your 
facilities as efficient, safe, environmentally friendly and economically 
competitive as possible.  
 

Upcoming and 
On Demand Webinars 
Tap into expert knowledge. Chemical Processing editors and industry ex-
perts delve into hot topics challenging the chemical processing industry 
today while providing insights and practical guidance. Each of these 
free webinars feature a live Q&A session and lasts 60 minutes.
 
 

White Papers 
Check out our library of white papers covering myriad topics and offer-
ing valuable insight into products and solutions important to chemical 
processing professionals. From automation to fluid handling, separa-
tions technologies and utilities, this white paper library has it all.
 
 

NEW!! Minute Clinic 
Chemical Processing’s Minute Clinic podcast series is designed to tackle 
one critical issue at a time — giving you hard-hitting information in 
just minutes.
 
 

Ask the Experts 
Have a question on a technical issue that needs to be addressed? Visit 
our Ask the Experts forum. Covering topics from combustion to steam 
systems, our roster of leading subject matter experts, as well as other 
forum members, can help you tackle plant issues.

Visit the lighter side, featuring drawings 
by award-winning cartoonist Jerry King. 
Click on an image and you will arrive at 
a page with the winning caption and all 
submissions for that particular cartoon. 
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