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All About Water…
In June, Germany is host for a further important event for 
water and waste water technologies in 2018: The ACHEMA in 
Frankfurt. Clean drinking water is a privilege that is worth 
protecting, thus water and its industrial use is a permanent 
issue discussed intensively. 
Chemical industry is impossible without water. It is therefore 
essential to develop industrial water and waste water manage-
ment to protect our water resources globally. 
Main focus for the water sector is „Industrial Water 4.0“ – the 
link between Industry 4.0 and Water 4.0. Cloud networks allow 
the supervision of processes also remote controlled. This in turn 
can shorten walking distances for operators, reduce the effort 
involved in routine tasks and increase the efficiency of material 
flows. The ambitious goal of digitalization is the integration of 
all levels in the industrial water management. 
Beyond that, zero liquid discharge becomes more and more 
important in countries with limited water resources, espe-
cially in Asia – a challenge that is not yet common in Europe. 
In this case, our knowledge export is in demand, as well as 
in water recycling plants. They save costs and increase envi-
ronmental sustainability. Singapore is one of the famous 
cities using water recycling plants: from waste to tap. 
Nevertheless, developing countries still struggle with sustain-
able water supply. Our two interview partners in this issue 
explain the different demands worldwide: the problems of 

less developed countries, their deficient urban sanitation 
and water infrastructure in context of the Sustainable Devel-
opment Goals (SDG), discussed on the World Water Forum in 
Brazil. Massive investments are needed to guarantee water 
security and from governmental sites, legal structures are 
required to cover these investments. 
On the other hand, a specialist of a leading german company 
in the water treatment sector explains the design of a water 
treatment system for an aero engines manufacturer in Germany 
– an elite order, that needs high precision. Both show the high 
complexity of global challenges in water management from 
complete different perspectives and should make you curious 
to gain more details. The requirements of industrial waste 
management are high, but solvable.

Enjoy reading the new issue and perhaps see you in 
Frankfurt!

Dr. Hella Runge 
is chief editor of the Water Solutions and Geologist by profession. 
She is managing director of a drilling company for water well 
drilling in East-Africa and has extensive expertise in water supply 
in remote areas in developing countries.
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Seychelles: on the way to a better wastewater management
The Republic of Seychelles plans to improve its own sewage sys-
tem. Strong rainfall and a high groundwater level often lead to 
floods. Dorsch International Consultants GmbH was commissioned 
with design and construction supervision by “Public Utilities Cor-
poration of Seychelles (PUC)” in 2015. After the successful comple-
tion of the design phase, the construction supervision has started 
now; the project ends in autumn 2019.

Vacation paradise in the Indian Ocean
The island republic of the Seychelles is located East of the African 
continent and North of Madagascar in the Indian Ocean. In total, 
the republic consists of about 115 islands and atolls, of which about 
35 are inhabited. They have always been a popular tourist destina-
tion, generating about 70% of the country’s income. The islands 
of Mahé (145 km²), Praslin (38 km²), Silhouette (20 km²) and La 
Digue (10 km²) belong to the Seychelles. They are distributed over 
a sea area of about 390 000 km ², while the land area covers only 
454 km ², which is about the size of Andorra (Europe). It is the most 
densely populated and therefore the most important archipelago 
in the country. The climate of the Seychelles is influenced by the 
monsoon, the humidity is more than 80 percent. 

Step by step to a new sewage system 
Due to the high groundwater level and the fact that there was no 
sewer system at altitudes above 200 meters, heavy monsoon rains 
often cause flooding. In addition, the population is growing and 
thus an extended sewage system was necessary. With the “Sey-
chelles Water Development Plan 2008-2030”, the Seychelles gov-
ernment presented a 20-years investment plan to meet water 
needs in the three main islands of Mahé, Praslin and La Digue by 

2030. This overall project focuses on the design / repair of a waste-
water treatment plant on the main island of Mahé and the con-
struction of a new wastewater treatment plant on the neighbour-
ing island of La Digue. Wastewater treatment protects the valuable 
ecosystem with its flora and fauna. Ground water resources can 
be used and the disease risk of the population is reduced. 
The project is divided into two phases. Phase I is primarily about 
the design of sewer and sewage treatment plants. Phase II involves 
construction supervision within the new sewage system, including 
sewerage and sewage treatment plant for 5,000 population equiva-
lents on the island of La Digue. In addition, the replacement of 
the main pressure line, the reconstruction of eight pumping sta-
tions and the treatment plant of Providence for Greater Victoria 
on the island of Mahé with 87,000 population equivalents. The 
so-called population equivalents represent an arithmetic variable 
for wastewater treatment. 

The Dorsch project scope includes:
• Feasibility studies 
• Detailed Design of a new sewage system for La Digue 
•  Detailed Design for the rehabilitation of the sewage system on 

the island of Mahé 
• Preparation of tender documents 
• Technical evaluation of offers by contractors 
•  Construction supervision and supervision in compliance with 

environmental, safety and health requirements
„Also because of the flourishing tourism in this region, it’s impor-
tant providing a high quality and stable on-site sewer system; it’s 
essential to protect the ecosystem and biodiversity sustainably. 
The new sewage system is an environmental benefit for the people 
and for the region”, stated Dr. Laure Nicolet-Misslbeck, Technical 
Manager within the department “International Cooperation” at 
Dorsch in Munich.

Further information:
www.dorsch.comA rainwater discharge in La Digue

The port of La Digue
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Indonesia’s capital is sinking 
Jakarta is sinking faster than any other city in the world. Due to mounting climate impacts and man-made actions, 
40% of Indonesia’s capital is currently below sea level and continues to sink up to 6 centimetres every year.

University of Indonesia hydrologists say a protective sea wall 
could help save Jakarta and the millions who call it home from 
being further submerged. However, rising sea levels linked to 
climate variability and change are not alone to blame for this 
crisis. Some of Jakarta’s 10 million residents have resorted to 
digging illegal wells to gain access to drinking water draining 
the underground water aquifers upon which Jakarta sits. This 
unregulated tapping into the water table results in the rapid 
sinking of the Indonesian capital threatening the livelihoods of 
millions. Indeed, this situation illustrates precisely what hap-
pens when a community lacks water security. 
Water issues are rife throughout Indonesia, where more than 
40 million people live without access to improved drinking water 
sources. Despite the precarious condition faced by this Asian 
capital, it is considered to enjoy the most adequate access to 
water throughout the nation.
“Increasing availability and resilience by securing our water 
resources involves among other things the construction of res-
ervoirs and maintaining infrastructure. In addition, there must 
be a rational management and use of water, which means all 
sectors must share resources fairly and encourage citizens to 
be efficient with water use in their own homes. Industry needs 
to recycle and reuse water and ensure irrigation uses more 
efficient methods. Managing demand in this way will enable us 
to use our water resources more efficiently and effectively,” 
explains World Water Council President Benedito Braga. 
In general, the Asia-Pacific region faces many threats to water 
resources including poor access to water and sanitation, limited 
water availability, deteriorating water quality, and increased 

exposure to climate change and water-related disasters. Per 
capita, water availability in Asia is the lowest in the world. 
Domestic sewage is a particular concern as it affects ecosystems 
located near densely populated areas. Approximately 150 to 250 
million m3 per day of untreated wastewater from urban areas is 
discharged into open water bodies or leached into the subsoil.

WWC publication on water security 
Water Security is a global challenge. The World Water Council 
is taking action by producing an in-depth publication entitled 
Global Water Security: Lessons Learnt and Long-term Implica-
tions. This publication offers cohesive solutions. The diversity 
of perspectives, challenges and alternatives in the world of 
water have been brought together by the World Water Council 
and the Ministry of Water Resources of the People’s Republic 
of China in a collaboration by ten authors, all of whom present 
what water security means in their city, country or region. The 
book brings together ways of dealing with issues related to 
water security, such as those affecting Indonesia, India, South 
Africa and the world at large. This book highlights the relation-
ship between the water sector and various other sectors helping 
to establish an improved understanding of the crucial signifi-
cance of adequate water resources and their management as 
an essential cross-cutting vector of socio-economic 
development.

Link to publication: 
https://link.springer.com/book/10.1007/978-981-10-7913-9

WATERS  LUTI  NS

Water Solutions:  
The global view on the water and 
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a year. Available as download on: 
www.water-solutions.info
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New plant lineup in Northern Ireland
German Foreign Trade Award 2018: Biogas manufacturer on second place

German biogas specialist Weltec Biopower is currently build-
ing three anaerobic digestion plants in Northern Ireland. All 
three 500-kW plants will go live in summer 2018. Two of them 
are being set up in County Antrim in north-east Northern 
Ireland. Another plant is being built in Benburb in County 
Tyrone. Thus, Weltec will soon account for nine of a total of 
about 40 biogas plants in Northern Ireland. In recognition of 
this strong overseas commitment, the company recently 
qualified for the second place in the ranking of the German 
Foreign Trade Award. 
At first glance, the three new 500-kW plants look similar. 
Henceforth, all biogas plants will largely be charged with 
slurry and pig, cattle and poultry manure as well as a small 
amount of renewable raw materials. Nevertheless, the engi-

neers have developed an individual concept for each plant, 
as the substrate composition and retention times vary. For 
example, the plant in County Antrim will only have one 2,625-
m³ stainless-steel digester. The second plant, which is located 
nearby, provides for two digesters with a capacity of 2,625 
m³ each. The plant in Benburb will use a slightly larger stain-
less-steel digester in order to extract as much energy as 
possible from the substrates. 
The strong market position of Weltec in the United Kingdom 
has a solid basis. From the outset, the company from Lower 
Saxony has played a key role in the field of AD plant construc-
tion. Thanks to the individual approach, the flexible substrate 
use and especially the short construction time, the overseas 
demand for technology „made by Weltec“ has been high for 
many years. 
Hence Weltec Biopower qualified for the second place in the 
ranking of the German Foreign Trade Award in the small and 
medium-sized segment. On 19 April 2018, the award was con-
ferred for the 10th time. The ceremony was conducted at the 
end of the German Foreign Trade Day by Dr. Carsten Sieling, 
mayor of Bremen, and Harald Emigholz, Chairman of the 
Bremen Chamber of Commerce.
Specifying the reasons for the bestowal of the award, the 
jury pointed out that Weltec Biopower started engaging in 
foreign trade as early as a year after its foundation in 2001. 
Today, more than 300 Weltec plants exist in 25 countries on 
five continents. At present, additional energy plants are being 
built in Uruguay, France, Croatia and Greece. The export of 
German regenerative energy know-how has greatly contrib-
uted to Weltec‘s sales and earnings performance. True to its 
convictions, the company has retained the main elements of 
its value chain in the region and in Germany. 

Further information:
www.weltec-biopower.de

German biogas specialist WELTEC BIOPOWER is currently 
building three anaerobic digestion plants in Northern Ireland. 
All three 500-kW plants will shortly be completed and will go 
live in summer 2018
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4,000,000 tonnes of viscose fibres
In April speciality fibres manufacturer Kelheim Fibres produced 
their 4,000,000th ton of viscose fibres. The “jubilee tonne“ was 
produced on line 2 and is a Galaxy® fibre – an appropriate coin-
cidence according to production manager Konrad Brunner: “This 
speciality fibre is made for the tampon industry, one of the 
most important pillars of our business. This fibre combines our 
strengths: unique and patented fibre properties meet production 
conditions that fulfil the strict hygiene requirements of this 
sensitive final product.”
Considering that about 5.000 shirts or even 500.000 tampons 
can be produced from one tonne of viscose fibres alone, we can 
get an idea of how many people all over the world have come 
into contact with viscose fibres from Kelheim. CEO Craig Barker 
is proud of the “anniversary”, too: “Of course, there are bigger 
viscose fibre plants than ours. Plants that can produce the same 
amount of fibres in less time. But there is no one else who is 
able to put more than 80 years of experience in every single 
one of their fibres. At Kelheim, there are families working in the 
third or even fourth generation for our company. Their loyalty 
as well as their engagement and know-how are the cornerstone 
of our success: Our employees, together with our consistent 
innovation strategy and our small and flexible production lines, 
make us the world’s leading manufacturer of viscose speciality 
fibres. To further reinforce that position is our goal for the next 
million tons of viscose fibres and beyond!”

USDA Certified Biobased Product Label
Furthermore the Bavarian Viscose speciality fibre manufacturer 
has earned the U.S. Department of Agriculture (USDA) Certified 
Biobased Product label. The products DANUFIL®, GALAXY® and 
VILOFT® are now able to display a unique USDA label that high-
lights their biobased origin. Third-party verification is adminis-
tered through the USDA BioPreferred® Program, an initiative 
created by the 2002 Farm Bill (expanded by the 2014 Farm Bill). 
One of the goals of the BioPreferred Program is to increase the 
development, purchase and use of biobased products. Utilizing 
renewable, biobased materials displaces the need for non-
renewable petroleumbased chemicals. These products have 
played an increasingly important role in reducing greenhouse 
gas emissions that exacerbate global climate change. Biobased 
products are cost-comparative, readily available, and perform 
as well as or better than their conventional counterparts. “Our 
fibres are completely made of pure wood pulp. They combine 
perfectly the advantages of a product from renewable raw 
materials with the possibilities of industrial production such as 
a consistent quality and tailor-made design for meeting the 
customer’s exact needs.” says Horst Wörner, Business Manager 
at Kelheim Fibres.

Further information:
www.kelheim-fibres.com

Production Manager Konrad Brunner (on the right) and a part of his team proudly present the 4,000,000th tonne of viscose fibres 
from Kelheim
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Improvements in liquid-solid  separation 
Huber Engineered Materials 
(HEM), located in Havre de 
Grace, Maryland, processes 
silica flour into a variety of 
silica and silicate products 
used in the rubber, paper, 
chemical and dental markets. 
Havre de Grace is the first 
established plant in this 
business unit, and celebrated 
its 60-year anniversary in 
October 2012. A former whis-
key distillery, the site now 
houses two manufacturing 
plants, a Technical Center for 
Silica Research & Develop-
ment, and a pilot plant.
As part of the silicate pro-
cess, a wastewater stream is 
generated containing unre-
acted silica which is reusa-
ble, as well as waste solids. 
The effluent treatment sys-
tem employs a variety of fil-
ters to separate the solids 
from the liquid streams. One 
of the filters was an aged 
vacuum belt filter used to 
separate solids and recover silicate water for reuse in the 
process. The resultant filter cake solids were then further 
processed as a waste stream.
After a review of the separation system, the decision was 
made to replace the vacuum belt press with a recessed plate 
type filter press. The filter press, which is a known technology 

for the plant, would provide more effective separation, yield 
improved cake dryness, and therefore maximize the amount 
of silicate water recovered for reuse.
The new filter press system would include two diaphragm 
pumps. Huber has typically used Air Operated Diaphragm 
(AOD) and centrifugal pumps within the process, and so these 
were evaluated. In conjunction with the press OEM, diaphragm 
pumps were selected as the best applied technology for the 
process. However, air usage and the subsequent cost were 
also of concern and so Huber explored the possibility of using 
electric driven diaphragm pumps in lieu of the AODs. As a 
result, ABEL model EM pumps were chosen and installed in 
the process.
A year after start-up, the ABEL model EM electric diaphragm 
pumps perform well with minimal wear part replacement. Along 
with the recessed plate filter press, the EM positive displace-
ment pumps remove nearly two times more silicate water for 
reuse than the previous belt press system (I.e. an improvement 
of the filter press cake from 44% solids by weight to 72% solids 
by weight). The new system also promotes a 
cleaner environment around the process equip-
ment, free from uncontained mud.

Further information:
www.abel.de

ABEL EM-50 electric diaphragm pumps for filter press feed

Performance Chart: Electric Diaphragm Pumps EM Series
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Expanded grinding technology 
NETZSCH Pumpen & Systeme GmbH announces the new 
N.Mac™ Twin Shaft Grinder, designed to protect pumps and 
processes. The N.Mac is designed to fragment a variety of 
materials, and is ideal for wastewater treatment, biogas and 
biomass plants, food, animal processing, and other waste 
and industrial applications. Available in both channel and 
inline (flanged) housing construction, the N.Mac can be 
installed into effluent channels or upstream from a pump.
The new product expands grinding technology offerings, pro-
viding an upstream application to core NETZSCH pump tech-
nology. Featuring cartridge cutting knives for quick and simple 
replacement and servicing, the N.Mac offers quenched lubri-
cated mechanical seals for dry running capability. The 
mechanical seal cartridge design – a leak free combination 
of mechanical seal and bearing cartridges – enables quick 
and simple replacement and servicing. For higher flow appli-
cations, grinders can operate in parallel, enabling partial 
servicing while in operation. The N.Mac can be mounted 
upstream before the pump (inline model) or on top of the 
auger (channel model). Grinders can also be stacked for suc-
cessive particle size reduction. An optional control panel is 
equipped with an auto-reverse feature to retract jammed 
media.
The N.Mac Twin Shaft Grinder features modular assemblies 
and interchangeable components that facilitate universal 

parts servicing. Dual recessed and self-collapsing lifting tabs 
make pull-out for servicing simple. The flanged versions 
include cleanout and inspection ports. Dual tempered hex 
shafts are designed for pre-indexed assembly and even trans-
fer of load. An exclusive shock absorption system guarantees 
quiet and trouble-free prolonged operation.
Models feature from 1 to 6 cutter cartridges per shaft. Car-
tridges come pre-assembled, with a pre-stacked spacers and 
blades and are available in different materials depending on 
the application. The cycloidal gearbox is maintenance-free 
for up to 2 years. The grinder comes standard with different 
cutting gear sizes for different shaft speeds, resulting in 
better grabbing and grinding. 
Available accessories include a control panel to ensure opera-
tor and equipment safety, a cutter cartridge cleaner that 
keeps the area free to cut and allows fluid passage, and a 
transmission shaft extension that elevates the electric motor 
to above the fluid limit.

Contact:
NETZSCH Pumpen & Systeme GmbH
84478 Waldkraiburg, Germany
Fone: +49 8638 63-0
pr.nps@netzsch.com
www.netzsch.com

New member in BSI wastewater committee
WPL’s technical director Andrew Baird has been accepted to the 
British Standards Institute (BSI) as a member of its committee 
on wastewater treatment plants. Baird will join as British 
Water’s representative in Working Group 41, helping shape two 
British Standards (BS) that will also contribute to European 
Norms (EN).
BS EN 12566-3:2016 is the standard for small wastewater treat-
ment systems up to 50 population total (PT) and BS EN 12255 1-15 
is a multi-document standard for wastewater treatment plants. 
Lloyd Martin, British Water’s chief executive said, “British Water 
is the UK’s largest water industry trade association and always 
has a representative on the BSI committee for wastewater 
treatment. Andrew will take up the role of convenor of our thriv-
ing focus group for wastewater treatment plants serving up to 
1,000 people next month and was an obvious choice to represent 
the organisation.” 
Andrew Baird said, “I’m delighted to join BSI as a committee 
member and to play a part in setting standards for wastewater 
treatment equipment in the UK and Europe. This is an especially 
important time to be involved with BSI - when we leave the 
European Union in March 2019 existing EU legislation will be 
copied across into domestic UK law. 

“Going forward, we will need to work closely with our nearest 
neighbours and keep on top of any changes to ensure continu-
ation of our strong trading links.”
BSI is responsible for overseeing the development of UK national 
standards and representing the UK within European and inter-
national standards organisations. The Institute has 1,200 com-
mittees with some 10,900 expert members who all work 
voluntarily. 
Andrew Baird has served in the roles of convenor and vice-
convenor of British Water’s Wastewater Treatment Plant Focus 
Group over the last four years. In that time the remit of the 
group’s attention has widened to include plants up to 1,000-pop-
ulation and the membership has grown. He will take over as 
convenor again in April 2018.
The Focus Group has also worked closely with the Environment 
Agency, Scottish Environmental Protection Agency and Natural 
Resources Wales and lobbied at governmental level to improve 
package treatment plant industry standards. 

Further information:
www.wplinternational.com
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Double honor

For the fifth consecutive year, Endress+Hauser Conducta has 
received the European Business Award. The Endress+Hauser 
Group’s center of competence for liquid analysis took the “Nation-
al Winner” award in the “Business of the Year” category for 2018. 
The company also received the TOP JOB seal of quality once again 
as one of Germany’s best medium-sized employers.
“Enthusiastic employees and a focus on customer-oriented 
innovation is the foundation of our sustainable success,” says 

Dr Manfred Jagiella, CEO of Endress+Hauser Conducta and mem-
ber of the Executive Board at the Endress+Hauser Group. 
Since 2007, the European Business Award has recognized com-
panies in 11 different categories. When evaluating the nominees, 
the jury, composed of prominent representatives from govern-
ment and industry, evaluates the nominees based on innovation 
strength, ethical commitment, economic success and long-term 
strategic alignment balanced by the flexibility to respond to 
dynamic market conditions.

Attractive employer
At nearly the same time, Endress+Hauser Conducta was awarded 
the TOP JOB seal of quality, capturing second place among Ger-
man companies with more than 500 employees. Organized by 
zeag GmbH, a center of competence in the area of employer 
attractiveness, the awards are bestowed on companies that 
exhibit a strong commitment to creating a healthy and simul-
taneously high-performance work culture.

Leader in liquid analysis 
Endress+Hauser Conducta is one of the world’s leading providers 
of measurement instruments and complete systems for liquid 
analysis. The company’s intelligent solutions help customers in 
the environmental and process industries operate their systems 
in a safe, reliable, economic and environmentally friendly man-
ner. Endress+Hauser Conducta, headquartered in Gerlingen, 
Germany, has more than 900 employees worldwide.

Further information: 
www.endress.com

Handover of the European Business Award in Berlin (from left): 
Gregor Schmidt, Chief Officer Strategy RSM GmbH, Dr Manfred 
Jagiella, CEO of Endress+Hauser Conducta, Stephan-Christian 
Köhler, Director Human Resources Endress+Hauser Conducta and 
Adrian Tripp, CEO of the European Business Award

Former German Minister for Economic Affairs Wolfgang Clement (right) hands the TOP JOB seal of quality to Dr 
Manfred Jagiella, Managing Director Endress+Hauser Conducta (left), and Stephan-Christian Köhler, Director 
Human Resources Endress+Hauser Conducta
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Joining the Lankawater Expo 
The organisers of LANKAWATER 2018 – Sri Lanka’s Biggest Inter-
national Water Supply & Treatment Industry Exhibition and Con-
ference – are pleased to confirm the participation of water treat-
ment equipment manufacturer HUBER SE. The company will join 
thousands of other participants at the exhibition, leveraging on 
its marketing platform to highlight their state-of-the-art products 
and solutions for the water treatment sector.
HUBER specialises in designing and manufacturing innovative 
high quality machines, plants and stainless steel equipment for 
municipal and industrial water. Since its founding, the company 
has grown into a worldwide active company in the field of water, 
wastewater and sludge treatment.

The LANKAWATER 2018 will take place from 24 to 26 August 2018 
at the Sri Lanka Exhibition & Convention Centre in Colombo. The 
expo will be the most comprehensive platform to showcase 
one’s business to the Sri Lankan market, and is expecting par-
ticipation by thousands of industry-related brands from around 
the world, as well as more than 6,000 visitors from all over the 
country. The expo is organised by AMB Tarsus Events Group, an 
international trade show organiser in Asia. 

Further information:
www.lankawater.org

Save the date

13th – 15th  
June 2018 

Water Africa
in Accra, Ghana 
www.ace-events.com

25th – 27th  
September 2018

VA-Mässan
in Jönköping, Sweden
www.elmia.se/en/va-massan/

28th – 30th  
June 2018

Indo Water
in Surabaya, Indonesia
www.indowater.com

29th September – 
3rd October 2018 

Weftec
in New Orleans, USA
www.weftec.org

8th – 12th  
July 2018

Singapore International Water Week
in Singapore, Singapore 
www.siww.com.sg

2nd – 5th  
October 2018 

Pollutec Maroc
in Casablanca, Morocco
www.pollutec-maroc.com

18th – 20th  
August 2018

DWP Asia-Pacific Drinking Water &  
Purification Fair
in Guangzhou, China
www.gzdwp.com

15th – 17th  
October 2018 

IFAT India
in Mumbai, India
www.ifat-india.com

24th – 26th  
August 2018

LANKAWATER’18
in Colombo, Sri Lanka
www.lankawater.org

17th – 19th  
October 2018 

H2O ACCADUEO
in Bologna, Italy
www.accadueo.com

26th – 31st  
August 2018 

World Water Week
in Stockholm, Sweden
www.worldwaterweek.org

23rd – 25th  
October 2018 

WETEX
in Dubai, Emirate of Dubai
www.wetex.ae

16h – 21st  

September 2018

IWA World Water Congress & Exhibition
in Tokyo, Japan
http://worldwatercongress.org/

7th  
November

Our Future Water
In Berlin, Germany
www.ourfuturewater.com/berlin/

20th – 22nd  

September 2018

IE expo Guangzhou 2018
in Guangzhou, China
http://gz.ie-expo.com/

19th – 20th  
November 2018

ICPWT 2018
In Havana, Cuba
https://waset.org/conference/2018/11/Havana/
ICWPWT

25th – 27th  
September 2018 

Ecwatech
in Moscow, Russia
www.ecwatech.ru/en/

27th – 30th  
November 2018

Pollutec
In Lyon, France
http://www.pollutec.com/
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Focal topics
These are identified anew for every ACHEMA and feature topics 
that are currently trending in industry. 

Biotech for Chemistry #BioForChem 
From gene to process to product – chemical and 
biotechnological processes grow together.

Flexible Production #FlexProd
Smaller batches, more specialised products, faster 
cycles – the digital integration of the value chain 
makes it possible.

Chemical and Pharma Logistics  
#PharmaChemLog
 From service provider to system partner with higher-
level solutions - the digitization of the logistics chain 
opens new doors in supply chain management and 
distribution. This focal topic is particularly easy to 
find as it has a special exhibition zone, the Logistics 
Hotspot, in hall 1.1.

Follow the icon 
It’s your assistant in finding the focal topic quickly and easily 
on the fairgrounds. Look out for the icons in the app, in the 
printed programme, in the catalogue and on-site on the aisle 
floors. Whenever you step on a floor graph, you are standing 
right in front of the stand of a company offering products or 
services related to one of the focal topics.

Eingang
Entrance

Eingang
Entrance

Eingang
Entrance

Eingang
Entrance
City

Eingang
Entrance

Anlagenbau
Engineering
9.1, 9.2

Forschung und Innovation
Research and Innovation
9.2

Labor- und Analysentechnik
Laboratory and Analytical
Techniques
4.1, 4.2

Literatur, Information, Lern- und Lehrmittel
Literature, Information, Learning and Teaching Aids
 4.1 Foyer, Übergang/Passage 5.1-6.1

Mechanische Verfahren
Mechanical Processes
5.0, 5.1, 6.0

Mess-, Regel- und Prozessleittechnik
Instrumentation, Control and 
Automation Techniques
11.0, 11.1

Pharma-, Verpackungs- und Lagertechnik
Pharmaceutical, Packaging and Storage
Techniques
1.1, 3.0, 3.1, Forum 0

Pumpen, Kompressoren und Armaturen
Pumps, Compressors, Valves and Fittings 
8.0, 9.0, 9.1

Sicherheitstechnik und Arbeitsschutz
Industrial and Labour Safety
9.1

Thermische Verfahren
Thermal Processes
4.0, 5.1, 6.1

Werkstofftechnik und Materialprüfung
Materials Technology and Testing
11.0

EXHIBITION GROUPS
AUSSTELLUNGSGRUPPEN

Freigelände
Outdoor Area

Cargo Center

Freigelände
Outdoor Area

Dependance

Festhalle
10 4.C

Portalhaus

Hall 3

Torhaus

Galleria

CMF
Congress Center
Messe Frankfurt

Messeturm

4.1 Foyer

6.1/5.1

9.2

9.0

9.1

F2

8.0

4.2

4.1 F1

3.1

3.0

Forum 1

11.0

11.1

6.1 5.1

6.0 5.0

4.0
Forum 0

12

          Im Bau 
Under Construction 

1.0

1.2
1.1

ACHEMA – World Forum and Leading Show  
for the Process Industries
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Special edition
For each of the focal topics there will be a dedicated  
print magazine which will be distributed for free at the 
entrances to the fairgrounds. The magazine will also be avail-
able to download from June 2018 on the ACHEMA website 
(www.achema.de/en).

More Topics at ACHEMA 2018
 ■ Chemical and biochemical reaction technology
 ■ Chemical engineering
 ■ Mixing and separation technology
 ■ Pharmaceutical technology
 ■ Laboratory technology
 ■ Materials and material processing
 ■ Energy and alternative feedstocks
 ■ Labour and process safety

WATERS  LUTI  NS

Water Solutions:  
The global view on the water and 
waste water sector. Four times  
a year. Available as download on: 
www.water-solutions.info

Water & Waste Water Technologies

Advertisement

Pumpenfabrik 
Wangen GmbH

Simoniusstrasse 17
88239 Wangen i.A.,Germany

www.wangen.com, mail@wangen.com 

June 11-15., 2018 

Frankfurt, Germany

Hall 8.0, Booth Nr. J36
ACHEMA 2018

Cities across the world, such as Mexico City, Rome, 
or Shenzhen rely on Wangen progressing cavity pumps
in our robust WANGEN design. Pumps like our KB10S /

KB22S are build for high operational 
reliability and dosing in waste water 
treatment plants. 

Visit us

WaterSolutions_89x78_EN_ACHEMA2018.indd   1 08.05.2018   14:35:16

All about water
If you are getting thirsty at ACHEMA, any tap dispenses drinking 
water – unless otherwise noted – that’s the law in Germany. 
Elsewhere in the world the situation is completely different. 
Clean drinking water is a privilege that is worth protecting, thus 
water and its industrial use is a permanent issue discussed 
intensively at ACHEMA.

Water in the process industry 
Chemical production is not possible without water; for the 
process industry it is an indispensable resource. Digitalization 
continues to expand its footprint in chemical production, and 
you already hear the term “Chemical Industry 4.0”. 
The DECHEMA position paper “Industrial Water 4.0 - Opportuni-
ties and Challenges of Digitalization for Industrial Water Man-
agement” addresses precisely these issues: What is the poten-
tial of Industrial Water 4.0, what are the obstacles and how can 
they be overcome? The paper will be presented at ACHEMA on 
June 12th, 2018 and will also be available at http://www.dechema.
de/studienwww.dechema.de/studien

Water management in the future 
How is water management going to look like in ten years? Which 
techniques are there for recovery of phosphorus from waste 
water? In room Harmonie 2 at CMF the presentations are about 
water all week long. It’s THE place to get yourself up-to-date 
on industrial water management. For more information visit 
https://dechema.converia.de/frontend/index.php?page_
id=4043&v=List&do=0&day=683 

“Meet your Friends”
Water is also a feature at “Meet your Friends”. Relax, unwind 
and celebrate open air the end of the first trade show day 
around the water course on the Agora. There’s live music, good 
food and relaxed conversation with exhibitors, visitors and 
journalists. For tickets visit www.achema.de/en/visitor-service/
general-programme/meet-your-friends.html

Further Information:
www.achema.de

http://www.achema.de/en
http://www.dechema.de/studienwww.dechema.de/studien
http://www.dechema.de/studienwww.dechema.de/studien
https://dechema.converia.de/frontend/index.php?page_id=4043&v=List&do=0&day=683
https://dechema.converia.de/frontend/index.php?page_id=4043&v=List&do=0&day=683
http://www.achema.de/en/visitor-service/general-programme/meet-your-friends.html
http://www.achema.de/en/visitor-service/general-programme/meet-your-friends.html
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“Achieving all of the SDG targets 
is likely to cost up to five times 
as much as current spending”
In March 2018, heads of State and Governments from all over the world attended the 8th 
World Water Forum in Brasilia, Brazil. We talked to Benedito Braga, president of the World 
Water Council, on water security, Sustainable Development Goal 6 and financing urban sani-
tation and water infrastructure.

In Brazil, thousands of participants dis-
cussed and planed the future of water secu-
rity for the next three years. In your words, 
what were the most crucial outcomes of the 
8th World Water Forum?

Braga: The 8th World Water Forum has again demon-
strated the importance of mobilizing world leaders in 

the water community to renew and reinforce the 
political commitment to resolving water-

related challenges, notably through 
increased and better allocated 

financing, solid governance and 
reinforced knowledge and capaci-
ties. However, in Brasilia, nearly 
100,000 citizens came to learn 
about what they can do to con-
tribute to resolving water issues 
locally. Such a success has never 
before been seen in the history of 
the World Water Forum.

In addition, the 8th edition has once 
again proved to be the place where 

the water community comes 
together to trigger 

action at all levels 
and remains the 
place to be every 
three years. 
This has rein-
forced the impor-
tance of our agen-
da on water 
financing, on the 
role of Local and 
Regional Authori-
ties in water man-
agement, on the 
importance of not 

overlooking sanitation or disaster preparedness, and 
this has also opened further opportunity to strengthen 
relationships with the climate community.

Sustainable Development Goal No. 6 states 
the access to water and sanitation for all by 
2030. Generally spoken, what has to be done 
to reach this goal and what must govern-
ments do? 

Braga: A business-as-usual approach will not get us 
to where we need to be to achieve this transforma-
tional agenda. Governments need to place water 
security at the heart of their national development 
strategies across all sectors and involve all stakehold-
ers. Experience shows us that we cannot achieve 
sustainable water resources management without 
engaging actors across sectors, from the energy, food 
production, or sanitation service sectors.
Massive investments are needed if governments are 
to deliver the aspirational Sustainable Development 
Goals adopted by the United Nations. For example, it 
is estimated that 650 billion US dollars of annual 
investment is required from now to 2030 to ensure 
the infrastructure necessary to achieve water secu-
rity. Governments need to establish enabling policy 
and regulatory environments to encourage more 
investment in the sector. 
Third, adaptation. We need to hold on to adaptive and 
innovative thinking by investing in more resilient 
structures to protect ourselves from crises to come. 
An adaptive approach is the only way that we can 
look to the future with confidence.

What role do Local Authorities play?

Braga: Local Authorities play a very important role 
when it comes to achieving water security, and SDG6. 
Mayors hold the responsibility for the safe and suf-
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ficient delivery of local water resources and for effi-
cient treatment of wastewater to protect public 
health. They also benefit from the closest relationship 
to the citizens they serve. During the World Water 
Forum, the International Conference of Local and 
Regional Authorities for Water took place, bringing 
together local and regional governments from around 
the world to share their experience, achievements 
and solutions in relation to water issues. In addition 
to the organization of this Conference, the World 
Water Council released a guide Start with Water: 
Putting water on local action agendas to support 
global change, which provides strategies and support 
for Local Authorities for water management. 

How can companies dealing with water 
issues contribute?

Braga: Water touches every sector of activity, and 
the private sector is at the forefront of developing 
new technologies to manage water better. Companies 
dealing with water issues have valuable experience 
to share, and so should liaise with other local stake-
holders and authorities to make sure all are working 
towards the same water security objectives. They also 
can be sources of investment financing if the condi-
tions are right. 

Do you think the designated timeframe is too 
ambitious to reach this goal?

Braga: We have made tremendous progress in recent 
years, for example:

 ■ 2.6 billion people have gained access to an im-
proved drinking water source since 1990 

 ■ By 2015, 181 countries achieved over 75% coverage 
with at least basic drinking water services

Reaching this transformational goal whereby poverty 
will be eradicated will take hard work and cooperation 
from everyone, and it is clear that we cannot reach 
it if we don’t think bigger and set out ways to scale 
up massively. The responsibility for reaching SDGs 
resides at a country level, but it will require everyone 
to work together at every level to establish adequate 
regulatory frameworks and implement national strat-
egies with adequate funding to achieve the kind of 
progress we are aiming for. In addition, developing 
countries will definitely need greater support to reach 
their goals. 

In Brazil, key reports dealt with financing 
water infrastructure and increasing financial 
flows for urban sanitation. Talking about 
these issues, how could urban sanitation be 
financed? Are there any new sources?

Braga: The WWC produced a report called Increasing 
Financial Flows for Urban Sanitation in the lead up 
to the World Water Forum. The report is based on a 
series of case studies on cities which are impacted 
by urban sanitation problems (including Nairobi in 
Kenya, Dakar City in Senegal and Durban in South 
Africa). The key messages on how to finance urban 
sanitation include:

 ■ Reducing costs by focusing on container-based and 
onsite sanitation as a complement to sewered san-
itation;

 ■ Stimulating increased revenues by facilitating the 
sale of products made from treated excreta;

 ■ Quantifying the monetary value of the savings in 
projected societal and economic benefits of im-
proved sanitation and investing that amount in ser-
vices;

 ■ Attracting new money into the sector by improving 
the governance conditions and the performance of 
the service providers.

Cooperation is again an important factor to rise to 
the sanitation challenge, whereby finding win-win 
financial and technical solutions and increasing politi-
cal will, will help with the prioritization of sanitation 
services. 

While financing water infrastructure, what 
are the barriers to flows from non-traditional 
sources? 

Braga: Examples of non-traditional sources for financ-
ing water infrastructure include finance/investment 
from private companies and the private sector, soli-
darity mechanisms between twinned municipalities, 
crowdsourcing or transfers of grants from other 
sources such as philanthropic foundations. The poten-
tial barriers to flows from these non-traditional 

“Local Authorities play a very important role when  
it comes to achieving water security, and SDG6.”

“The responsibility for reaching SDGs resides at a country level, but it will require 
 everyone to work together at every level to establish adequate regulatory frameworks 

and implement national strategies.”
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sources would be the lack of interest from the private 
sector to invest in water and sanitation infrastruc-
ture, due to the potential high costs and risk associ-
ated with them. 

How to overcome them? 

Braga: To overcome the barriers to financial flows, 
governments should encourage commercial banks 
and investors to enter the sector by mitigating the 
risks and costs for them, for example through strong 
enforcement of contracts, active regulation, minimum 
revenue guarantees and other forms of blended 
finance. 

When it comes to financing water infrastruc-
ture, what possible obstacles exist? How can 
these be overcome?

Braga: The World Water Council has issued a publica-
tion on Ten Actions for Financing Infrastructure, which 
identifies a set of actions to help bridge the financing 
gap for water infrastructure. The report highlights 
the innovative operational and practical functions 
that can contribute to lowering the barriers that 
remain despite an apparent abundance of capital. It 
acknowledges the complexity of challenges and the 
progress that is already being made in various forms. 
The ten recommendations build upon existing initia-
tives that engage both the public and private sectors 
and include actions such as creating typologies for 
both investors and for infrastructure projects, so as 
to better match demand and offer, or espousing a 
blended approach to fulfilling financial needs. 

In your opinion, are current cash flows suffi-
cient in order to reach SDG 6?

Braga: Achieving all of the SDG targets is likely to 
cost up to five times as much as current spending. 
Nevertheless, according to a report by The World Bank 
(a World Water Council member), The Cost of Meeting 
the 2030 Sustainable Development Goal Targets on 
Drinking Water, Sanitation and Hygiene, current cash 
flows are insufficient to be able to reach SDG6. The 
report, however, does note that some regions may 
suffer with financial challenges, which is to be 
expected, as current spending is insufficient. It is 
vital for countries to work on allocating funds, wheth-
er public or private, internal or external, to ensure 
the achievement of the Sustainable Development 
Goals, and especially SGD6. 

Interviewee

Benedito Braga
President of the World Water Council
WWC Headquarters
Espace Gaymard 
2-4 place d’Arvieux 
13002 Marseille, France
Phone: +33 4 91 99 41 00 
wwc@worldwatercouncil.org
www.worldwatercouncil.org

“To overcome the barriers to financial flows, governments should encourage commercial 
banks and investors to enter the sector by mitigating the risks and costs for them.”
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Your contact to Water Solutions  
Hella Runge 
Phone: +49 179 126 8269, E-mail: runge@di-verlag.de
Katja Ewers 
Phone: +49 821 65 09 04-97, E-mail: ewers@di-verlag.de
Stephanie Fiedler 
Phone: +49 821 88 59 84-72, E-mail: fiedler@di-verlag.de
Patricia Santos 
Phone: +49 201 8 20 02-49, Fax +49 201 8 20 02-40,  
E-mail: p.santos@vulkan-verlag.de
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The Hon Khoi Salt Fields 
is one of the most unique tourist destinations in Nha Trang, where mounds 
of natural salt are manually harvested from shallow fields along Doc Let 
Beach. Salt production is a thriving industry in Nha Trang due to Vietnam's 
extensive coastline, generating about 737,000 tonnes every year.
To protect themselves from the heat and salt, the salt workers wear  conical 
hats, rubber gloves and boots, as well as facemasks.

Text source: http://www.vietnam-guide.com | Picture: Pixabay
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Water management enters the 
age of the smart city 
We have entered the age of the smart city. The Internet of 
Things (IoT) has become the norm, and urban areas are 
increasingly using new telemetry technologies to remotely 
and securely manage public assets. Utility companies are no 
exception. As water management systems age, and companies 
prepare to update their infrastructures, many have discovered 
the advantages of upgrading to long-range remote meter 
systems, such as Sigfox’s global IoT network. By connecting 
their water meters over Sigfox’s network, utility companies 
around the world have eliminated the need for onsite meter 
readings, saving time and resources and even improving cus-
tomer satisfaction.

Long-range telemetry solutions 
As any utility manager knows, dispatching staff to manually 
read water meters is both time consuming and a logistical 
headache. First-generation telemetry solutions have made a 
small difference by allowing utility companies to remotely 
read meters from short distances. But with ranges of only a 

few meters, these solutions still take considerable manpower, 
not to mention fuel and vehicle maintenance costs. Utility 
companies like Water-link which provides water management 
to 624,000 customers across Antwerp, Belgium have realized 
significant time and cost savings by switching to smart water 
meters. With their old, non-connected system, Water-link 
was only able to read meters annually. This process took 
nearly a month to complete. Searching for a better way, the 
company decided to install smart water meters across the 
city. Over the next four years, the utility company will connect 
205,000 smart meters to Sigfox’s IoT network. By eliminating 
the need for onsite water meter readings, they will save nearly 
a month in manpower.
Reductions in manpower, fuel and vehicle maintenance costs 
mean powerful savings for utility companies that upgrade to 
smart water meters. Long-range telemetry technology is 
simple to deploy, with no technician training or network 
configuration necessary. Installation time is equivalent to 
that of standard water meters. As a result, most utility com-

Because non-connected water meters only allow utility companies to gather point-in-time readings on a periodic basis, they provide a 
fairly limited amount of data about water usage patterns
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panies encounter few barriers to deployment. Retrofitting 
current systems is also an option in situations where a full 
upgrade is not necessary. For most utility companies, espe-
cially those already in need of a system overhaul, this high 
return-on-investment makes the choice to switch an easy 
decision.

Better data 
It’s difficult to manage what you can’t measure. Because 
non-connected water meters only allow utility companies to 
gather point-in-time readings on a periodic basis, they provide 
a fairly limited amount of data about water usage patterns. 
Smart water meters, on the other hand, give companies 
access to a continuous stream of real-time information about 
water consumption patterns. Companies that invest in smart 
meters have found this real-time data helps them make more 
informed decisions about water management and resource 
allocation.
 Smart water meters also give utility companies real-time 
alerts regarding outages, pipeline failures and leaks. This 
additional information allows companies to engage in early 
or preventative maintenance, catching problems before they 
become larger and more costly. All water management infor-
mation is stored on a secure, reliable cloud-based network. 
It is accessible through web-based dashboards and customiz-
able reports, making data gathering and analysis simple and 
efficient.
Sogedo, France’s fourth largest water distributor, successfully 
deployed smart water meters across its network using Sig-
fox’s IoT technology. Speaking to Metering and Smart Energy 
International, Nicolas Vivian, Sogedo’s technical director, 
noted how this solution increases the efficiency and perfor-
mance of the company’s water management services.

Long-range telemetry lets utilities remotely deac-
tivate services
In many cases, the long-range telemetry technology in smart 
meters also allows utility companies to remotely activate and 
deactivate service for individual households. This in turn stream-
lines the service request process. Additionally, because water 
supplies can be remotely shut off or reduced in the event of 
customer nonpayment, utility companies are able to more easily 
recoup costs without the hassle of manual water shutoff.
In some situations, utility companies have even begun to 
offer prepaid options for customers, especially high-risk cus-
tomers with a history of nonpayment. The real-time consump-
tion monitoring and remote shutoff features of smart water 
meters make this possible, with customers and utility com-
panies alike gaining greater control over the billing cycle.

Improved satisfaction and lower consumption
As an added benefit, utility companies that use smart meters 
for their water management are seeing improvements in 
customer satisfaction. With real-time data readily available, 
companies provide more transparent water bills, eliminating 
the surprise and dissatisfaction that comes with large bill 
regularizations. They can also proactively notify customers 
about leaks or pipe bursts, and more promptly respond to 
customer’s questions about their personal water usage.
Through customized dashboards, customers also have access 
to information about their own day-to-day water consump-
tion. Better informed customers are more conscious about 
their water consumption and often make smarter, more envi-
ronmentally conscious choices about that consumption.

Further information:
www.sigfox.com
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Water management company in 
 India acquired

To further expand its market position in the water management 
business, NORMA Group signed an agreement to acquire Kimplas 
Piping Systems Ltd. (“Kimplas”) on April 6, 2018. Kimplas is a lead-
ing Indian manufacturer of joining technology made of thermo-
plastic materials. The parties agreed on NORMA Group purchasing 
100 percent of the shares in Kimplas and that they would maintain 
confidentiality with respect to the other transaction details. The 
transaction is expected to close by mid-2018.
Kimplas is headquartered in Nashik in the West Indian state of 
Maharashtra. The company has been developing and manufactur-
ing injection-molded parts, among other products, 
since 1996. Its product portfolio includes compres-
sion fittings, sprinklers, drippers, valves, filters 
and electrofusion parts such as tapping tees and 
saddles for gas and water pipes. “It is of existential 
importance to provide people with resources such 
as water and gas,” said Bernd Kleinhens, Chairman 
of the Management Board of NORMA Group. “We 
are expanding our expertise in water management 
solutions in the fast growing Indian market by 
adding Kimplas’ leading products to our portfolio. 
Kimplas’ expertise will help us to drive for instance 
the usage of efficient irrigation solutions in mar-
kets that are particularly threatened by water 
shortage.”
The certified products of the company that has 
about 690 employees are used in many different 
ways: they ensure safe and leakage free supply of 
drinking water and gas to rural and urban house-

holds and provide filtered water for micro-irri-
gation systems. Kimplas’ customers include 
export companies, water supply boards, gas 
distribution companies in India and abroad, 
micro-irrigation companies, building and con-
struction businesses. In addition, the company 
distributes plastic pipes and imported fittings 
as well as electrofusion welding machines and 
tools. Kimplas markets its products mainly to 
customers in India and has generated prelimi-
nary sales of around EUR 21 million in fiscal year 
2018. „NORMA Group is an ideal partner for us 
and we look forward to becoming part of it,” 
said Krishen Khanna, founder and Chairman at 
Kimplas. “Together we will further expand 
NORMA Group’s worldwide presence as well as 
the product portfolio of water management 
solutions.”
NORMA Group has been expanding into the 
water management business since 2012 by mak-

ing select acquisitions in Malaysia, Australia and the US. The 
company started operations in India in 2008 with a plant in Pune, 
approximately 200 kilometers south of Nashik. NORMA Group 
moved its growing operations into a new facility in 2012 to increase 
its production capacity. Today, around 190 employees manufacture 
thermoplastic lines and a variety of clamps for the automotive 
market in India at the Pune plant.

Further information:
www.normagroup.com

Screws for the clamp production in Maintal, Germany

Fluid connectors are separated from the plastic waste
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Self-supporting stainless steel roof 
for whey tank
The reference project shows two new stainless steel tanks with 
self-supporting stainless steel roofs for a dairy company in 
Germany. The tanks are used as storages for whey. The indus-
trial tank with about 800 m³ capacity is equipped with a wall 
bushing, 8 inches suction and filling port as well as fixed stairs.  

The Roof Construction
The self-supporting stainless steel roof has an incline of 10°. 
The roof is composed of an inner and outer ring. The outer ring 
equalises the diameter of the tank (11 m), whereas, the inner 
ring has a diameter of 1 m. The outer ring is fixed on top of the 
tank and lies lower than the inner ring. Thus, the roof gets the 
inclined shape. Between the rings, Z-profiles are the basis for 
the roof and support the stainless steel shells which are slot-
ted and bolted. The roof has an inspection hole.

No Condensation on the Tank Wall
The tank consists of a circumferential drip edge on the inside 
of the cover segments which prevents water condensation. 
Joints and seams are sealed with a permanently elastic seals 
made from a special sealing compound. Screw connections 
are completely made from stainless steel. 

Small but Tall
The second stainless steel tank with a diameter of 3 m is 
used as a buffer tank. It is also furnished with a wall bushing, 
suction and filling port through the tank wall and fixed stairs. 
The stainless steel roof of the smaller thank is constructed 
in the same way as the first tank which means that it has an 
incline of 10°.
 

Further information:
www.stallkamp.de/en/

Precise Data  

Stainless steel tank 
Diameter: 11,516 m
Height: 7,615 m
Volume: 793,183 m³

Stainless steel tank 
Diameter: 3,071 m
Height: 7,615 m
Volume: 319,877 m³ 
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Researching marine litter on the 
 island Phu Quoc, Vietnam
Plastic-intensive consumption patterns meet inadequate waste infrastructure

Heide Kerber and Johanna Kramm 

The massive pollution of the world’s oceans with plastic debris is 
an emerging global challenge. Plastic debris is associated with a 
variety of negative environmental, social and economic impacts: 
among other things marine fauna becomes entangled in floating 
packaging residues and littered beaches lead to income losses in 
the tourism sector [1]. In the last years, marine litter has become 
a global political issue, discussed by various international organi-
zations and governments. There is a broad consensus that firstly, 
land-based sources account for 80 per cent of marine litter world-
wide and secondly, the majority of plastic enters the ocean from 
a specific region. Over half of it comes from five rapidly growing 
economies: China, Indonesia, Philippines, Thailand, and Vietnam 
[2]. A growing population, long coastlines, transforming consump-
tion patterns and the quality of waste management are primary 
causes of the region’s pollution potential [3–5]. 
So, how is the situation on the ground? This study aims at under-
standing local causes for plastic pollution in order to develop 
bottom-up strategies to combat marine debris. For a case study, 

the Vietnamese island Phu Quoc was selected to shed light on the 
waste management infrastructure, on prevalent practices of local 
communities with regard to plastic consumption and plastic waste 
handling as well as on the perceptions of waste by various actors. 

Research approach 
The island Phu Quoc depicts an ideal case to study because its 
coastlines have touristic beaches and a sensible marine ecosystem. 
Therefore, it serves as a vivid example for how plastic pollution 
can enfold social and ecological effects. The field visit was con-
ducted in cooperation with the WWF-Vietnam in November and 
December 2017. It constitutes the kickoff of a qualitative series of 
data collection at Phu Quoc that will continue until 2019. The field 
study aims to support context-specific communication measures 
and awareness raising campaigns, e.g. by WWF-Vietnam. Moreover, 
it should enhance the commitment for and the development of 
locally adapted measures for the improvement of waste manage-
ment and the reduction of plastic pollution. For the exploratory 
trip a mixed methods approach was applied. It comprised over 60 
semi-structured interviews, visual documentations by interview 
partners, participatory observation and an expert talk to validate 
preliminary results. Interview partners were chosen based on a 
stakeholder analysis, and hence came from various backgrounds, 
e.g. local government, employees of public waste disposal utility, 
recycling junk shops, garbage collectors, private sector, community-
based organizations, households, among others.

The setting 
With an overall area of 589 km² Phu Quoc is the largest island in 
the south of Vietnam. At present, approximately 101,000, residents 
are living on the tropical island [6]. The island is rich in biodiversity, 
having both a National Park and a Marine Protected Area. Long 
sandy beaches are attracting many tourists each year. But this 
environment is coming increasingly under threat. In 2017, approxi-
mately two million tourists visited the island and the number of 
tourists is predicted to increase up to five million until 2020. New 
resorts and residential areas are already being planned. This tour-
istic boom is a further challenge for the rather inadequate infra-
structures on the island. Intensive plastic consumption as well as 
littering habits are prevalent, while the infrastructure for the 
management of solid waste is not developing at the same pace. 
The extent of waste production already exceeds the capabilities 
of the waste management infrastructure and the lack of a com-
prehensive collection system cause insufficiencies. Furthermore, Figure 1: Map of Phu Quoc    
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depending on the season (wind and ocean currents) litter from the 
mainland is washed ashore on the beaches. 

Status quo of plastic waste management
The waste production on the whole island comes up to approxi-
mately 160 to 200 tons/daily approximately 130 tons of which are 
collected, according to estimations of local authorities. Thus, every 
day at least 30 tons are released into the island’s environment. 
An island-wide waste collection system is missing. A formal and 
an informal disposal system coexist, making the waste infrastruc-
ture rather incoherent. The public work management board is in 
charge of the public collection system. A formal disposal system 
exists in the major settlements – the capital Duong Dong, the 
municipality An Thoi in the island’s south as well as along the 
main roads and touristic hotspots – where the waste is collected 
daily. In addition, Duong Dong’s harbor and river are cleaned on a 
daily basis. Some touristic communes, like Ganh Dau in the north-
west, are serviced every other day. For this service, households 
pay 20,000 VND a month – which is comparable to the price of a 
coffee –, shops pay up to 100,000 VND and big hotels according to 
quantity. However, the formal system does not operate cost-effi-
cient as the fee only covers 50 per cent of the expenses. So, the 
rest is financed by state subsidies. 
The island has two unsecured landfills for the disposal of solid 
waste and also of wastewater from cesspits, as the island is 
without any adequate wastewater infrastructure. One landfill 
is located in the middle of the island nearby the island’s capital 
Duong Dong (Figure 1, landfill 1), the other one is situated off 
the main road in a small forest in the surroundings of An Thoi 

in the island’s south (Figure 1, landfill 2). The latter has replaced 
the landfill along the main road between Duong Dong and Cua 
Can, which was closed as it had reached its capacity in early 
autumn 2017. In addition, it was being perceived as a blot on 
the landscape. Now, a fence serves as screen and the stench 
wears off. So far, no information on the environmental impacts, 
e.g. leakages, is available as monitoring does not take place. 
The first waste treatment plant on the island is currently under 
construction aiming to solve the problem (Figure 1). It is 
designed for a maximum capacity of 200 tons/daily and thus, 
would be able to treat the present amount of daily waste. How-
ever, two prerequisites have to be met: firstly, it has to reach 
its full capacity of 200 tons/daily and secondly, the amount of 
waste will have to stay more or less at the current level. Thus, 
against the backdrop of the increasing numbers of tourists, the 
treatment plant will only release the pressure on the waste 
management for a short time. 
Municipalities that are not covered by public service partly 
organize waste disposal by providing a rather informal burning 
or burying ground, but mainly leave it to the individual house-
holds. It is estimated that these municipalities produce approxi-
mately 5 to 10 tons of waste daily. 
Waste is not separated. However, sellable items like bottles, 
cans, paper, and metal are stored separately by households and 
are either collected by waste vendors or sold directly to recycling 
shops. Waste vendors are relatively efficient at extracting high-
residual-value plastic materials like bottles [7]. However, low-
residual-value plastics, like bags are neglected and end up in 
the island’s environment (Figure 2). 

Figure 2: Littered village beach, North-East-Coast 
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Usage and disposal of plastic packaging prevalent in 
everyday practices
Plastics are ultimately considered to be the most convenient 
and cheap packaging. It is also the material that is ubiqui-
tously used and deeply integrated in people’s everyday lives. 
Since everyone is using it especially with regards to purchases 
on the market, there is no particular urge for a behavioral 
change. Plastics are considered to be without any alternative 
and reusable bags like textile bags are regarded as neither 
practical nor hygienic. The dietary culture is highly plastic-
intense: there are single bags for single items and double 
wrapping of goods in grocery shops as well as for take-away-
food, and drinks to-go. Thus, it is no surprise that the type 
of littered items directly relates to everyday habits. Plastic 
bags, cups, straws, polystyrol food boxes, plastic food pack-
ages, coconut shells, construction debris, and electronic 
waste colorfully line the streets, small waterways and coast-
lines [7]. 
Littering is common by locals and tourists from Vietnam’s 
mainland. Moreover, it is quite normal for households along 
Duong Dong’s river and the coastline to dispose of their daily 
solid waste directly into the aquatic environment. Open burn-
ing and burying are common practices – regardless whether 
or not bins exist. Almost every household has a fireplace and 
a small hole in its backyard. Burning is the main strategy to 
deal with the amount of waste especially during the dry 
season. Due to seasonal climatic conditions, burying is pre-
ferred during the rainy season.

Identifying attitudes towards plastic waste 
The tourism branch and the local government are concerned 
over the continuing degradation of the nature-based tourism 
assets that people travel to Phu Quoc for: plastics covering 
the beaches and reefs is not quite the postcard motive one 
wishes to see. Besides, swimming and diving next to plastic 
bags, straws, cups, fishing gears, among others, isn’t particu-
larly inviting [7]. That is why hotels and restaurants at the 
seaside, like in Long Beach and Sao Beach, usually employ a 
beach-cleaning team (Figure 1). This means, two to four 
employees clean the hotels’ or restaurants’ own beach area 
in the morning. And to prevent plastic waste to be washed 
on shore, hotels along Long Beach have set up nets in the 
water. The tourism branch and government officials perceive 
waste – predominantly plastics – as an aesthetic issue leading 
to high costs and revenue losses. Especially, since it is known 
that European, North American or Western tourists are gener-
ally quite conscious about environmental protection. 
In general, interview partners rarely associated plastic waste 
with marine litter or general health concerns. Moreover, 
awareness-raising strategies to reduce littering conducted 
by the communal people committees do not make the con-
nection between plastic littering and negative consequences 
for marine and health conditions. Therefore, knowledge about 
this link is limited. And that is also why the requirement for 
behavior change in terms of plastic consumption is not 
addressed. Residents are rather concerned about the smell 

and the flies caused by the waste in general. So far, ecologic 
impacts are rarely discussed by locals. 

Conclusion: striving for the means to combat the 
pollution
Phu Quoc is a highly dynamic island in terms of economic 
and social transformations: the expected increase of tourist 
activities is not only fostering an influx of investment but 
also let one anticipate challenging waste conditions. There 
is a wide awareness on the island – especially among deci-
sion-makers and hoteliers – that one needs to get a grip on 
the waste management. Thus, for about four years the local 
government has been investing in both awareness-raising, 
mainly anti-littering campaigns, and end-of-pipe solutions. 
A campaign against littering, clean-up events, community 
meetings, TV broadcasts, and signposts aim to raise aware-
ness by informing about correct disposal practices. Some 
schools have included proper waste handling in their cur-
ricula. In addition to state-organized clean-up campaigns, 
the civil society initiative ‘Vietnam clean and green’ organizes 
monthly clean-ups and awareness events. This shows that 
apart from the government, actors of civil society have 
become active as well. According to many of the interview 
partners, an improvement of the waste management infra-
structure should be prioritized. Especially government offi-
cials are stressing the importance and potential of a treat-
ment plant that is capable of handling the large amounts of 
waste while producing electricity at the same time. There 
are already plans for two more solid waste treatment plants. 
Treatment facilities are seen as prerequisite to gradually 
extend waste collection services to all municipalities. Regula-
tory instruments like an environmental tourist fee and a 
plastic bag ban are currently under discussion although fines 
are regarded to be the option of last resort. A reduction of 
the plastic consumption in general has not yet been dis-
cussed. Despite the existing efforts, decision-makers and 
their municipalities face multiple challenges in combating 
the growing waste pollution. Financial, personnel, and techni-
cal resources to enhance the waste infrastructure as well as 
capabilities of law enforcement (like the Decree 155 that 
sanctions littering) are limited. To sum it up, there is a general 
agreement to address the island’s plastic pollution but striv-
ing for the best possible means is still up to negotiation. 

Check the references:

 www.water-solutions.info

Authors:
Heide Kerber and Johanna Kramm
ISOE – Institute for Social-Ecological Research 
Hamburger Allee 45
60486 Frankfurt am Main, Germany
kerber@isoe.de



29| 2 2018WATERS  LUTI  NS

TREATMENT   WATER

Reverse Osmosis and Ion Exchange – 
unique process steps to minimize the 
liquid discharge
The application of water treatment technologies to achieve “mini-
mal liquid discharge” (MLD) or “zero liquid discharge” (ZLD) is 
increasingly under consideration in today’s water stressed world. 
MLD and ZLD are processes that minimize or eliminate the dis-
charge of water or liquids from a plant process. The reasons to 
implement these processes can be 

 ■ Regulatory
 ■ Cost saving from water recycling, and reduction of water dis-

charge costs
 ■ Environmental – increase sustainability of industrial sites in 

water stressed regions
There are two treatment options for process water: internal recy-
cling, and the end-of-pipe treatment. 
The internal recycling is conducted inside the plant processes 
and implemented by analyzing the water composition and the 
water quantity to make a so-called “pinch point” analysis. In this 
analysis, the water quality and water quantity are determined 
for a specific production step, and a decision is made as to wheth-
er it is possible to use the wastewater from a certain production 
step as the water supply for a separate production step. If usage 
is not possible, an interception technology may be used to get 
the water quality to the level suitable so that it can be reused. 
A typical technology for this is membrane technology. Depending 
on the type of contaminants, it can be microfiltration (MF) to 
remove bacterial substances, ultrafiltration (UF) to remove par-
ticulate and high molecular weight organics, nanofiltration (NF) 
to remove divalent salts and organics, or reverse osmosis (RO) 
to remove salts and small organic compounds. Another technol-
ogy that can be used is ion exchange treatment (IX). This technol-
ogy should be applied if a selective separation is preferred, e.g., 
to remove specifically some ionic contaminants from the process 
water or to recover valuable ionic or non-ionic substances selec-

tively. This separation can be achieved using a special IX product 
called scavenger or adsorber resin.
When interception technology is not possible, the client should 
consider an end-of-pipe treatment solution. In this case, the plant 
wastewater is collected and treated depending on the type of 
contaminants by either mechanical, biological, or filtration steps 
to produce a water quality that can be reused in an upstream 
plant process.
In MLD/ZLD processes, it is common that both interception and 
end-of-pipe treatment options can be applied for overall water 
management. Which treatment process is adopted usually depends 
on the size of the plant, and whether the treatment process is 
added to an existing plant. If an MLD/ZLD process implemented 
to an existing plant, in most cases an end-of-pipe treatment is 
preferred since less new piping, and less interference with the 
existing process is required.
In the following industrial examples, two processes, which were 
implemented in existing plants in India, are presented. These 
examples represent two different industries: the textile and the 
chemical industry.

Example 1: chemical industry
This zero liquid discharge wastewater treatment plant is located 
inside the water treatment facility section of a major specialty 
chemicals producer. The wastewater plant processes treated 
sewage water via UF (ultrafiltration) pretreatment, cartridge 
filtration, and RO membrane desalination. The desalinated water 
is further treated by degasification, and ion exchange mixed 
bed columns installed with Lewatit® MonoPlus S 108 and 
Lewatit® MonoPlus M 800 to prepare boiler feed water. The RO 
installation is a two-stage system with a capacity of 38 m3/h. 
The feed water to the RO has a TDS in the range of 600–1,300 

Industry Chemical industry

Application Wastewater treatment

Location India

Product Lewabrane® RO B400 HR/RO B400 FR; Lewatit® MonoPlus S 108 and Lewatit® MonoPlus M 800

Volume 48 pieces Lewabrane® and 2,000l Lewatit® MonoPlus S 108 and 4,000l Lewatit® MonoPlus M 800

Production capacity 38 m3/hr

Water type High salinity and organic loaded wastewater

Installation November 2013

Table 1: Example 1 – facts and data at a glance
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mg/l. The permeate has a TDS below 20 mg/l, and after mix bed 
application, a final boiler feed water quality of < 0.1 mg/l TDS 
and 0.02 mg/l silica. 
The concentrate is further treated by high pressure RO. The perme-
ate of this concentrate RO is reused in the process, and finally, the 
brine concentrate is treated via an evaporation step to achieve 
the zero liquid discharge operation (Table 1).

Membrane performance
The water treatment installation was originally designed around 
“ultralow energy” seawater RO elements. However, after three 
years, these elements were replaced with Lewabrane® RO B400 
HR elements since a performance projection (prepared with the 
LewaPlus® design software) showed that the required permeate 
quality could be achieved with standard test pressure BW elements 
operating at an even lower feed pressure.

After start-up, the predicted performance 
advantages of the Lewabrane® BWRO 
membranes were confirmed during routine 
daily operation. The RO feed pressure with 
Lewabrane® RO B400 HR was throughout 
three years below 9.5 bar (with the previ-
ous SWRO elements feed pressures were 
on average 12 bar). The RO system salt 
rejection was approx. 98.6% (as compared 
to the 97.3% rejection achieved with the 
SWRO elements). The new Lewabrane® 
elements also provided an increased silica 
rejection (from 94% to 96.6%) resulting in 
an increase of the cycle time between 
regenerations for the mixed bed ion 
exchange system. After three years in 
operation (with monthly cleaning), the RO 
system rejection level is still in the order 
of 97.5%. Recently, the first stage Lew-
abrane® RO elements were replaced with 
a Fouling Resistant Type (Lewabrane® RO 

B400 FR) incorporating a 34-mil feed spacer (recommended for 
wastewater application), which has resulted in a reduced clean-
ing frequency (Figure 1).

Example 2: textile industry
The second industrial example is an innovative process in the 
textile industry. The dying process requires high concentrations 
of salt to fix the dyes onto the cellulose textile. At the end of the 
process, the wastewater stream consists of a high concentration 
of salts and organics. Discharging the untreated wastewater would 
not only be harmful for the environment, it may also impact exist-
ing drinking water sources. Since the textile industry is an impor-
tant employer, the Indian government strongly supports projects 
with MLD processes.
The aim of this MLD process was to reuse the process water, and 
recovery of the salt to 

Figure 1: Example 1 – water treatment  process with RO unit and mix bed

Figure 2: Example 2 – water treatment process with color removal resin filter, softner and RO unit
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 ■ Save feed water costs
 ■ Realize cost savings by recovery of the process salt 
 ■ Produce less waste

The key technologies to achieve a water quality which could be 
reused in the process were the application of a scavenger resin, a 
softening resin process, and a reverse osmosis process.
In this process, the wastewater is first treated with a biological 
treatment (tertiary treatment) to reduce the number of organics 
in the wastewater. This step is followed by quartz filtration. The 
process water is then passed through an ion exchange treatment 
stage consisting of a scavenger resin to remove the organic sub-
stances, followed by a high TDS water softening. Since sodium 
sulfate is added during the process, calcium must be removed to 
avoid the precipitation of calcium sulfate.
After the ion exchange sequence, the water is passed through a 
reverse osmosis system to remove salts and other remaining 
organics. The RO system operates at a recovery rate of 80%. The 
RO brine reject is further treated by NF (nanofiltration) membranes 
to recover the sulfate, while the sodium chloride, which passes 
through the NF membrane, is concentrated by a multiple effect 
evaporator. The sodium chloride salts are finally dried in a solar 
pan (as solid waste).
The concentrated sulfate from the NF process step is reused in 
the process (Figure 2). Table 2 shows the efficiency of the differ-
ent treatment steps. The MLD treatment process is extremely 
efficient, and this underlines the advantages of an ion exchange 
pretreatment for an RO process. The lifetime of the RO elements 
in this process is 3–4 years, with the added benefit of reduced COD 

content from the scavenger resin treatment 
step to reduce the potential of biogrowth 
(Table 3).

Conclusion
The above industrial examples show that 
the reduction of wastewater, even in chal-
lenging process industries, is possible using 
the right tools. Ion exchange and reverse 
osmosis is a smart and efficient combina-
tion to treat wastewater with a high organ-
ics load and high salinity. 
Even with waste-water as feed solution, 
a final water quality that can be used 
for boiler feed water can be achieved 

by the combination of an RO system followed by polishing 
ion exchange mix bed.
The use of scavenger resin as a pretreatment before RO should be 
considered to remove organics from the wastewater that can pass 
through an ultrafiltration process and lead to potential biofouling 
in the RO process.
Finally, for MLD/ZLD processes, it must be noted that it is often 
challenging to achieve standards, but innovative combinations of 
existing technologies make it possible to reach the targeted goal.

Contact:
Kedar Oke
Head – Marketing / Sales and Technical
Business Unit Liquid Purification Technologies
LANXESS India Private Limited 
Phone: +91 22 2587 1212
kedar.oke@lanxess.com
www.lpt.lanxess.com

Dr. Jens Lipnizki
Head of Technical Marketing Membrane
Business Unit Liquid Purification Technologies
LANXESS Deutschland GmbH
Phone: +49 221 8885-2013
jens.lipnizki@lanxess.com
www.lpt.lanxess.com

Parameters
Treated effluent after 

tertiary treatment 
After scavenger resin After softening resin After RO membrane unit

pH 7.5 6.7 5.5–6.5 6.3

TSS (mg/l) 16 3–4 NIL NIL

Hardness (mg/l) 150–200 150–200 < 5 ppm NIL

TDS (mg/l) 11,000 11,000 10,500 < 100

Color (Pt/Co) 500–600 < 50 < 50 NIL

COD (ppm) 150–200 30–35 30–35 NIL

Industry Textile industry

Application Wastewater treatment

Location India

Product Lewabrane® RO S400 HR and Lewatit® CNP 80 WS

Volume 154 pieces Lewabrane® and 7,500 l Lewatit® CNP 80 WS

Production capacity 85 m3/hr

Water type High salinity and organic loaded wastewater

Installation August 2016

Table 2: Example 2 – water quality after treatment steps

Table 3: Example 2 – facts and data at a glance

http://www.lpt.lanxess.com
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Cooling towers are a serious potential 
source for Legionnaires’ disease
How to minimize the risk of Legionella growth in cooling towers and meet European and national 
regulations

Danielle Troppens, science communication, korinexan industrial services gmbh  
Bernd Krumrey, CEO, korinexan industrial services gmbh

Cooling towers and evaporative condensers are used to dissipate 
heat from industrial process or cooling water in diverse indus-
tries such as the food and chemical industry but also in public 
and commercial buildings such as hospitals or shopping malls. 
In the past years an increase in cases of Legionnaires’ disease 
(LD) – a severe type of pneumonia caused by the bacterium 
Legionella pneumophila – have been reported. Based on 
improved surveillance and reporting systems within European 
countries, cooling towers have been identified as one serious 
potential source of legionella-associated diseases [1]. Coordi-
nated by the European Centre of Disease Prevention and Control 
(ECDC) the European Legionnaires’ Disease Surveillance Network 
(ELDSNet) was established and has been collecting data on 
reported cases since 2010. Within this surveillance system 29 
European countries have reported approximately 42,000 LD cases 
for the years 2009 to 2015 [2,3]. Based on the analysis of these 
cases, the ELDSNet estimates that 450 to 500 European citizens 
die of LD every year and notes a slight but steady increase in 
reported cases. 
In Germany, the Robert Koch Institute also recorded an increase 
in LD cases from 2001 to 2016 from 352 to 992 cases [4,5], which 
might in parts be the result of increased awareness and improved 
diagnostics. Some of the reported cases occurred in so-called 
clusters and were thus identified as outbreaks. The outbreaks 
in Ulm (2010) and Warstein (2013) with a total number of approxi-
mately 220 infections have gained particular attention. Aerosols 
emitted from cooling towers were identified as a very probable 
source for the outbreaks. Cooling towers and other evaporative 
cooling systems such as evaporative condensers emit water 

vapour that can carry water droplets containing legionella over 
long distances that can then lead to infection by inhalation 
[1,6,7]. There are documented cases where people were infected 
up to 10 kilometres from the suspected cooling tower [1]. Simi-
larly, in other European countries as well as in the USA and 
Canada documented cases of LD have been attributed to cooling 
towers [8]. In many cases it was noted that the suspected cool-
ing towers were insufficiently maintained and hygienic inspec-
tions had not been regularly performed [1]. This is one of the 
reasons why in general it is assumed that legionella-associated 
outbreaks may be minimized or even prevented by adhering to 
legal regulations regarding maintenance, monitoring and risk 
management in evaporating cooling system. The Association of 
German Engineers (VDI) states that because massive prolifera-
tion of legionella is only possible under the favourable conditions 
of the cooling tower and is hence man-made, the risk of LD 
should be regarded as technically avoidable [9].  

Cooling tower legislation and guidelines
The World Health Organization (WHO) established recommenda-
tions for a safe operation of cooling towers and evaporating 
condensers as part of their guideline “Legionella and the pre-
vention of legionellosis” [10](WHO, 2007). As for other systems 
that are potential sources of legionella-associated diseases the 
WHO recommends to implement all ten steps of a Water Safety 
Plan (WSP) to minimize the risk of legionella growth in the 
system (Figure 3.2, page 44). The WSP broadly involves three 
categories: system assessment, monitoring, and management 
and communication. The system assessment includes assessing 
potential hazards and prioritizing risks; monitoring includes the 
identification and monitoring of control measures; and manage-
ment and communication includes establishing management 
procedures for normal and incident conditions and establishing 
documentation and communication procedures.
In compliance with these guidelines and as a response to the 
outbreaks in Germany, the VDI issued a cooling tower code of 
practice for the operation of evaporative cooling systems – the 
VDI 2047 Part 2 – that became effective in 2015 [11]. Legislation 
followed in August 2017 with a regulation to implement the 
German law on protection from immission (42. Verordnung zur 
Umsetzung des Bundesimmissionsschutzgesetzes, BImSchV) 
[12], that introduced legal obligations for all operators of evapo-

Figure 1: Aspects of a hazard assessment according to 
VDI 2047 Part 2
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rative cooling systems in Germany. The aim of the new regula-
tion is to minimize the risk of proliferation and emission of 
legionella in cooling towers and evaporative condensers.  
Some of the most important responsibilities include:

 ■ conducting a hazard assessment for the whole system
 ■ establishing reference values for process water (parameter: 

total colony count)
 ■ periodical internal checks of the process water (chemical, 

physical, microbiological parameters)
 ■ periodical external checks by a certified laboratory to deter-

mine total colony count and legionella concentration
 ■ immediate initiation of appropriate measures when micro-

biological threshold values are exceeded (e.g. for legionella 
in evaporating cooling systems: at concentrations higher 
than 10,000 CFU /100 ml - immediate measures to avert any 
danger, informing legal authorities)

 ■ keeping record of all documents, checks, changes and meas-
ures taken in an operations diary

VDI 2047 Part 2 additionally contains more detailed specifica-
tions as to how to implement the obligatory measures described 
in BImSchV. The aim is a hygienically safe operation of evapora-
tive cooling systems. 
Some of the most important recommendations include:

 ■ Extended microbiological checks for pseudomonads
 ■ Appropriate maintenance

 " Checklist for regular inspections of some system compo-
nents

 " Remote monitoring of pH, disinfection, conductivity and 
other parameters

 ■ Measures for exceeding legionella threshold values
 " Immediate measure – shock dosage of biocidal product
 " Measure to avert danger – cleaning and disinfection of 

the system

Hygienically critical components of a cooling tower
In evaporating cooling systems scaling and fouling will develop 
in and on all system components that come into contact with 
water or water and the air required for the cooling process. 
Sooner or later scaling and contamination will interfere with 
and impede the efficiency of the cooling process and will have 
to be kept in check and finally removed to avoid damage, health 
risks and increased operational costs.

Water distribution system
The water pipework system transports warm water into the 
cooling tower and distributes it via nozzles over the fill pack 
into the lower part of the tower. During this process the water 
is cooled down by air that is drawn in through the air inlet 
louvers. The air travels upwards through the fill opposite the 
water flow, warms up and subsequently leaves the system 
saturated with water droplets (aerosol).
The air intake and the make-up water cause a constant supply 
of pollutant particles and sand into the system. These par-
ticles can form deposits or travel to other parts of the system 
where they contribute to plugging the nozzles, pipes and 
filters. Through evaporation of parts of the distributed water 

the concentration of salts increases in the remaining water 
that drains into the basin. When saturation is exceeded the 
salts precipitate in the basin resulting in solid deposits. In 
addition, high salt concentrations promote corrosion. Simi-
larly, the high level of oxygen in the water, a result of the 
constant air intake, increases the risk of corrosion. Both pipes 
and nozzles can additionally get plugged by scale formation. 
Nozzles plugged with scale result in uneven distribution of 
the water, which reduces the efficiency of the entire cooling 
process. This leads to increased operational costs for instance 
as a result of an elevated demand for pumping capacity. 

Figure 2: Already a few tenths of a millimeter of scaling reduce effi-
ciency and continuously increase operational costs and the risk of 
pump failure. With a thickness of one millimeter solid scale depos-
its can account for a loss of heat exchanging efficiency of 30% and 
can raise costs up to 15%.

Figure 3: Schematic of an evaporating cooling system. Cold air is drawn 
in through louvers, absorbs the heat from the warm distributed water 
and travels upwards highly saturated. Cooled water drains into the 
basin. Bigger water droplets that are carried upwards by the air are 
retained by the drift eliminator. Smaller droplets are discharged into the 
environment as aerosol.
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Fill pack
Fill packs are commonly used in cooling systems to increase 
the contact time between the distributed water and the air to 
allow for a more efficient heat transfer. In closed-circuit cooling 
systems the water is distributed over a heat exchanger (most 
commonly shell and tube heat exchangers) to cool the water 
that is re-directed to the process without coming into contact 
with the atmosphere. Depending on the degree of hardness of 
the source water scale formation will occur sooner or later in 
and on all wetted components and surfaces of the system. The 
rate of scale formation also depends on water treatment and 
other parameters such as the pH. The fills (or the heat exchang-
er, respectively) are particularly sensitive to scaling and will, 
once affected, quickly reduce the efficiency of the effect and 
consequently of the whole process. 

Cool water basin
The cooled water drains into the basin at the bottom of the 
cooling tower from where it is re-distributed into the cooling 
circuit. Commonly, all the aforementioned types of deposits and 
particular material such as debris, scaling and salt precipitates 
also accumulate in the basin. The conditions prevalent in the 
basin, in particular temperatures of approximately 20 to 40°C, 
are also ideal for biological and microbiological growth. The 
increased concentration of salts resulting from the evaporation 
effect and the higher oxygen content of the water caused by 
the constant air intake promote the growth of algae, bacteria 
and other microorganisms including potential pathogens. In 
open-circuit cooling towers exposure to direct sun light addi-
tionally stimulates algae growth. All of these deposits can 
damage basin, pipe and other material within the system and 
interfere considerably with the cooling process by reducing its 
efficiency. Bacteria can attach to adequate surfaces and estab-
lish a microbial community in slime-forming biofilms. Increased 
concentrations of microorganisms always pose a sanitary risk 
irrespective of the type of organisms actually found. One of the 
reasons is that biofilms can generally serve as a nutrient medi-

um for legionella and their uncontrolled proliferation needs to 
be averted to comply with legal requirements (e.g. Infektions-
schutzgesetz [13], Bundesimmissionsschutzgesetz [14]).  

Drift eliminators
Parts of the distributed water evaporate and travel upwards in 
the warm humid air. The drift eliminator serves as a physical 
barrier to retain at least a portion of the bigger water droplets 
while smaller droplets are discharged into the environment as 
aerosol. Due to the constant contact with water and air drift 
eliminators often exhibit excessive scale and biofilm 
formation. 

Impact of scaling, biofilms and other 
contaminations
Generally, increased concentrations of microorganisms always 
pose at least a potential sanitary risk. Very high concentrations 
of legionella detected in the water are a health hazard for 
personnel and people in the surroundings of the cooling tower. 
Depending on the actual values the system’s operator is required 
to take immediate measures to avert danger and reduce the 
number of legionella to a safe level. Obviously, costs to imple-
ment these measures will gradually increase with the degree 
of contamination and delay of remediation. 
Minimal scale formation on and in fills and pipes already reduce 
the efficiency of the cooling process and the whole system by 
interfering with the heat transfer. This can lead to higher opera-
tional costs (again increasing with the degree of scaling and 
fouling) caused by:

 ■ Higher required pumping performance
 ■ Increased wear of pumps and other system components
 ■ Additional energy costs and lowered production capacity of 

the actual process due to a lack of heat recovery and heat 
removal

Therefore, a biannual or at least annual effective cleaning of 
the cooling system is expedient to maintain the system’s service 
life or to fully restore its performance.

Figure 4: The cool water basin of a mobile evaporative condenser before (left) and after (right) a recirculation flush-
ing (Tower-fluxx-procedure)
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Cleaning with the Tower-fluxx-procedure
In the case of extensive scaling and fouling as well as 
increased microbiological values the system needs to be 
cleaned thoroughly including removal of biofilm and shock 
disinfection to restore a failure-free and economic operation. 
The Tower-fluxx-procedure is a recirculation flushing proce-
dure in which the entire system including all components 
and surfaces of the distribution pipes and nozzles, the fill 
pack and the basin, is treated and rinsed with a chemical 
product specifically designed to comply with the demands in 
cooling towers and evaporative condensers. During the pro-
cess of recirculation the flushing fluids are permanently 
monitored to determine the end time points of each treatment 
step. The specialized chemical products are selected based 
on an on-site system assessment and the results of labora-
tory samples. During the flushing procedure the products are 
circulated either in a parallel or a counter-flow gradient or 
concentration profile, respectively. As part of the recirculation 
process biofilm and algae are removed from the cooling sys-
tem. As a following step, remaining deposits and scaling are 
removed, the system is disinfected and the operating mode 
is restored. 
The success of the flushing procedure can be assessed based 
on the temperature of the circulating fluids and the flow rates 
within the cooler. Likewise, the microbiological values are com-
monly reduced to a degree that complies with legal require-
ments (BImSchV, VDI 2047-2). In most cases the initial flow rate 
and therefore the efficiency and economics of the system can 
be fully restored using the Tower-fluxx-procedure. 

Compliance with energy efficiency legislation
Regular changes and alterations in the energy market and 
legislation are recurrent challenges for industrial employers. 
To comply with the ambitious aims of political decision mak-
ers companies need to fulfill the requirements of ever more 
demanding norms and regulations. On the other hand, norms 
are acknowledged as state of the art and provide solutions 
and guidelines for technical and economic challenges and 
requirements. One efficient way to comply with the EU Energy 
Efficiency Directive [15](or its national implementations, 
respectively) in a cooling tower or evaporative condenser is 
to ensure periodical cleaning of heat exchangers (shell and 
tube heat exchanger, plate heat exchanger) to reduce overall 
energy consumption. While a recirculation flushing procedure 
is conducted in the system, heat exchangers can also easily 
be treated with specialized chemical products to remove 
biofilm, hazardous microorganisms, scale and other deposits. 
In most cases disassembly is not required, saving time and 
avoiding additional costs. 

On-line monitoring ensures maintenance according 
to VDI 2047 Part 2
After a systematic cleaning the evaporative condenser is 
optimally prepared for subsequent operation using on-line 

monitoring. One option to meet the requirement for operators 
to maintain the system in such a way as to prevent “contami-
nation of the process water with microorganisms, in particular 
with legionella” (BImSchV §3 (1)) is to use a modular dosing 
system. This also ensures hassle-free compliance with con-
ducting the required internal checks of chemical parameters 
such as pH, redox state and conductivity (BImSchV, §4 (2) 
through automated continuous on-line monitoring and docu-
mentation (explicitly recommended in VDI 2047 Part 2). Moni-
toring and control via M2M-technology (machine-to-machine) 
not only facilitates documentation of critical process param-
eters but also to retrieve and readjust them if required. The 
documented data can easily be transferred to an electronic 
operations diary. Some of the parameters that can be moni-
tored include biocide dosage and related values (pressure, 
flow rate, fill level, pump settings, dosing rates) and chemical 
and physical properties of process, make-up and cooling water 
(pH, redox state, conductivity, oxygen content) that can have 
a direct impact on the efficiency of chemicals for water treat-
ment and the growth of microorganisms. In addition, the 
technology allows remote monitoring and control of alarm 
signals, ordering requirements or system optimizations and 
to take action if required. Provided that there is a connection 
to the internet or mobile network, the recorded data are 
periodically sent to the cloud server for safe storage and 
remote access. An appropriate maintenance also includes 
continuous or discontinuous biocide dosage; a shock disinfec-
tion can be implemented as well if required. The application 
of stabilizers and corrosion inhibitors helps to minimize scal-
ing and corrosion. 
An additional advantage of an enclosed dosing system is the 
safe storage of chemicals in compliance with legal require-
ments (Gefahrstoffverordnung [16], Chemikalienverbotsver-
ordnung [17]) preventing unauthorized access or interference. 
Manufacturers of such modular, hermetically sealed dosing 
systems offer various service options allowing the operator 
to rent or purchase it with our without a maintenance or 
service agreement.  

Check the references:

 www.water-solutions.info

Further information:
korinexan industrial service gmbh
www.korinexan.com
info@korinexan.com

Original version published in „Instandhaltung von Wärmeüber-
tragern“, 2. Auflage 2018. PP Publico. www.pp-publico.de 

* colony forming units
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Asian floods overshadowed by 
 Houston deluge
In late August 2017, while the global media’s attention was focused on the floods in Houston, people on the other 
side of the world were experiencing even worse misery from torrential rainfall. An exceptionally powerful monsoon 
in South Asia claimed the lives of almost 2,700 people and caused severe damage to the region’s agriculture.

Each year in late May, the summer monsoon starts at the south-
ern tip of India and spreads northwards. Over the course of the 
following four months, enormous quantities of rain – roughly 
three quarters of the annual precipitation – fall on the subcon-
tinent. This rain brings flooding and destruction – and not just 
in areas that experience extreme rainfall. Normal life also grinds 
to a halt along the Ganges, Brahmaputra and other rivers, along 
which huge masses of water roll for hundreds of kilometres 
down towards the Indian Ocean.

Worst floods for 15 years
The 2017 monsoon was exceptional, both in terms of its duration 
and impact. In Nepal, the rainy season lasted from 12 June to 
16 October, instead of until around 23 September as it normally 
does. The 127 days made it 20% longer than normal and almost 
as long as in the record year of 2008 (130 days). On the other 
hand, the total amount of rain was not exceptional: an average 
of 1,330 mm of rain fell across all of Nepal, equivalent to 92% 
of the usual amount. 
However, a local and time-resolved analysis presents a different 
picture. Due to orographic lift, the largest amount of rain falls 
in regions close to the Himalayas – with extreme temporal vari-
ations in intensity. The areas worst affected in 2017 included 
the Indian provinces of Assam, Uttar Pradesh – India’s most 
densely populated province and home to 220 million people – 
and Bihar, as well as the Terai plains in Nepal (Figure 1). Terai 
is a lowland region between 25 and 100 kilometres wide running 
for some 800 kilometres along the border with India. It makes 
up 17% of the area of Nepal, is home to half of the country’s 
population, and includes 53% of the arable land area. In the 
twelve districts affected, three quarters of the land was under 
water. According to the United Nations, these were the worst 
floods for 15 years.
There was also flooding in other regions triggered by torrential 
rain. Twelve years after the 2005 disaster, the west coast mega-
city of Mumbai was again hit by floods, with 315 mm of rain 
falling in the space of twelve hours on 29 August. Even though 
this was only one third of the 24-hour rainfall experienced on 
26 July 2005, the city once again found itself submerged in the 
floodwaters, which this time extended over a much larger area. 
Mumbai may now be better equipped to deal with flooding than 
it was in 2005, but flood alerts are still being issued too late. 
There are no emergency plans in place and, most importantly, 
unrestricted and uncontrolled development is taking place on 
natural drainage paths. In West Bengal and Bangladesh, the 

extensive flooding resulted less from local rainfall than from 
the waters carried down by rivers flowing from the north.

Almost no damage insured
More than 40 million people were affected by the floods in India, 
Nepal and Bangladesh between the start of June and mid-
October. At least 2,670 people died (2,170 in India, 160 in Nepal, 
340 in Bangladesh), with dozens of lives being claimed by land-
slides in the mountains of Nepal. The bulk of the losses were 
incurred in the northeastern part of South Asia. Of the overall 
losses of around US$ 3.5bn, some 2.5bn occurred in India, 600m 
in Nepal and 350m in Bangladesh. The percentage of insured 
losses was negligible in all three countries. While these may 
be small amounts in comparison with the hurricane losses in 
North America, they affect countries where people’s livelihoods 
are already extremely vulnerable and unstable.
In Nepal, agriculture and livestock farming was badly hit: 40 
million hectares of land was flooded and 70,000 domestic and 
farm animals perished. Virtually nothing was insured. Farmers 
are generally reluctant to take out insurance and are also unwill-
ing or unable to make other provisions. A survey carried out by 
the United Nations in Terai in October 2017 found that only one 
third of respondents had made any provision against flood 
losses, even though 56% had suffered losses in previous years. 
In addition, electricity generation from hydropower was severely 
restricted. Enormous quantities of sediment in the rivers blocked 
hydropower intake structures, posing a risk of damage to the 
turbines. There were also countless bridges damaged and cul-
verts blocked by debris. In the Sauraha Safari Park in the south-
west of Nepal, 110 hotels were forced to close. The majority of 
the small amount of insured losses were at industrial facilities 
(warehouses), in the construction and engineering sectors, or 
affected motor vehicles. 
In Bangladesh, numerous rivers burst their banks and vast areas 
of this extremely flat country were inundated. Roads, bridges, 
railway lines and over 750,000 houses were damaged, with over 
100,000 destroyed.

Governments struggle to cope with disaster 
management
India, Nepal and Bangladesh are among the countries with 
the highest flood risk. Some 12% of the territory of India 
(400,000 km2) is made up of potential flood zones along the 
banks of rivers, while in Bangladesh three quarters of the 
country is affected. More than half the population of Nepal 



37| 2 2018WATERS  LUTI  NS

FLOODS WATER

lives in the flood zones that make up 20% of the country’s 
total area. 
In addition to the direct risk of drowning, there are frequent 
fatalities from electric shocks, particularly in cities. Wading 
through heavily polluted water can result in bacterial infections 
(especially leptospirosis) that are often fatal. House foundations 
are undermined or weakened to the point where they 
collapse.
A lack of available options is often the reason that few preven-
tive measures are taken. People do not have enough financial 
resources, and there is insufficient help from government agen-
cies to identify and implement appropriate solutions. What is 
more, direct initiatives on the part of the state are rare. Yet it 
is an undisputed fact that prevention saves money and allevi-
ates suffering and distress. Governments are under an obligation 
to create at least rudimentary structures (and thereby assume 
a role model function), on which the population can then build. 
Institutions like the All India Disaster Mitigation Institute 
(AIDMI) have long recognised that insurance against flood risks 
– whether in its traditional form or as microinsurance – makes 
an invaluable contribution to disaster management. Even if 
cultural obstacles still exist, there is enormous potential for 
change. India, for example, has achieved substantial improve-
ments through the introduction of crop insurance.

Increasing resilience
South Asia is representative for the many poorer regions of the 
world that were hit by flood disasters over the last year. South-

ern Thailand, Peru, Colombia, Sierra Leone and the Congo were 
also affected. In absolute terms, losses are often one or two 
orders of magnitude smaller than in Europe or North America. 
Yet the impact on people’s lives and livelihoods in these poorer 
countries is generally much more dramatic, given the frequent 
lack of insurance cover that could otherwise cushion the nega-
tive consequences. It has been shown time and again that 
countries with an effective insurance system against natural 
hazards are able to return to normal conditions after a disaster 
much faster than countries without any such protection in place.
Whereas the trail of devastation in the flood regions of Asia 
and Africa could still be seen weeks and even months after the 
event, life in Houston had almost returned to normal just a few 
days after the flooding. Apart from one or two tell-tale signs, 
it was difficult to find any evidence that large parts of the city 
had been a metre deep in water a short time before. So the 
primary goal of the countries affected must be to reduce the 
vulnerability of their citizens and to make existing systems more 
robust and resilient.

Author: 
Dr.-Ing. Wolfgang Kron 
wkron@munichre.com
Geo Risks
Munich Re
Königinstraße 107
80802 München, Germany
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Figure 1: 2017 Monsoon South Asia: 
Flood–affected areas
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The Indian subcontinent is heavily influenced 
by its monsoon climate. It determines whether 
entire regions are flooded, yield rich harvests 
or suffer drought. Hardly anywhere else on 
earth are boon and bane so close.

During the summer, the land mass warms up 
more strongly than the ocean, and air circula-
tion commences. The rain front heralding the 
monsoon season advances northwest during 
the month of June from the southern tip of 
India, and retreats again from about the begin-
ning of September. In this period, clouds burst 
in heavy short precipitation events – some-
times dropping more than 1,000 mm (litres per 
square metre) in a single day – or pour down 
continuous rain for days on end. Precipitation 
is particularly intense on the southern slopes 
of the Himalayas, where rainfall depths of 
more than ten metres per year are often meas-
ured. Widespread flooding is common, both in 
the areas where the rain falls and along the 
large rivers that drain the region.

During the winter monsoon (December to May), 
cold, dry air from Siberia flows southwards. 
Practically no rain falls. People in this predomi-
nantly agricultural region fear a long rainy 
season with severe flooding less than a short 
one which may cause catastrophic drought and 
famine.

Historically, the Indian monsoon is a climate 
phenomenon which exhibits little variation in 
annual precipitation. Over the past 70 years, 
however, daily extremes of precipitation have 
shown a significant increase in parts of central 
India. There is much to indicate that this is a 
consequence of global warming.
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One block from the White House –  
leaker identified and caught on video 
In order to detect possible leakage and evaluate the general 
pipeline condition, the District of Columbia Water and Sewer 
Authority, DC Water, decided to optically and acoustically 
inspect one of the oldest parts of the Washington D.C.’s 
drinking water network.
A 670m (2,200ft) section of a cement mortar lined cast iron 
main - installed in 1888 - was subject to be investigated by 
MTA Pipe-Inspector® multisensory technology.

First insights after 130 years
The District of Columbia Water and Sewer Authority (DC 
Water) is an industry leading, multi-jurisdictional regional 
utility that provides a reliable water transmission system to 
over 680,000 residents, 16 million annual visitors and 450,000 
people commuting to employment within the city limits every 
day.
DC Water’s oldest cast iron pipe still in service was installed 
in 1858, just as its population was achieving 75,000 residents. 
These pipes were primarily used for public hydrants as fire 
protection. Over 160 years, these pipes are now connected to 
the entire system supplying treated drinking water as well 
as fire water. The average age of DC Water’s underground 
water supply pipes is almost 80 years, with over 480km (300 
miles) of its 2,100km (1,300 miles) over 100 years old. On aver-
age, 400 to 500 water main breaks occur each year in the city, 
mostly during the winter. As the mains age, the number of 
leaks in the system increases. Joint leaks, a major cause of 
DC Water’s revenue loss on older mains, are difficult to locate 
because many of the city’s water mains have been laid under 
streets surrounded by numerous other underground utilities. 
In this situation leaks do not easily surface and instead follow 
along any underground pipe until the water reaches a waste-
water sewer, electrical vault, or some other easy point of 
escape. Unidentified leaks represent a significant portion of 
the 20% of the water that never reaches a customer meter.

Cable-less multisensor inspection 
DC Water addresses this problem of underground leaks by 
considering new improvements to leak detection technology. 
Personnel became aware of MTA Messtechnik GmbH in 2017 
and were intrigued with the capabilities of a cable-less video 
inspection with integrated acoustic leak detection simultane-
ously providing other in-pipe data such as temperature, pres-
sure and distance. 
DC Water chose an 1888 cement mortar lined cast iron potable 
water main as a pilot project with MTA Pipe-Inspector. The 
pipe was predominantly 600mm (24”) with an inline reducer 
to 500mm (20”), with a total length of 670m (2,200 ft.) along 
14TH Avenue, running parallel to The White House and 

grounds but one block away. Just for a challenge, this pipe 
also contained three horizontal butterfly valves which could 
impede an in-pipe inspection. Because of these obstructions, 
it was determined that of the five available sizes of MTA 
Pipe-Inspector tools, the DN125 (5” diameter) would be most 
appropriate to minimize risk of getting stuck on a valve. It 
was identified that the pipe would require no pressure adjust-
ments, as the standard operating pressure is 4bar (60psi) 
which was well above the lower limit for acoustic leak detec-
tion of 1bar (14.5psi). 
DC Water was in charge of providing a continuous supply of 
water in adequate quality, pressure and quantity for the entire 
duration of the investigation. All site traffic safety and secu-
rity was also its responsibilities to ensure compliance with 
local regulations. 
DC Water provided its own competent local forces to make 
the necessary modifications for the start and end points by 
means of hot tapping with valve and flange fittings as well 
as onsite assembly and dismantling of parts required for the 
imple mentation of the project. Final restoration was also by 
DC Water.
Tentative dates for site preparation and investigation activi-
ties were determined once a MTA “Checklist” was completed 
by DC Water to confirm that operational conditions and 
deployment configurations would be achieved. It was deter-
mined that pipe preparations would be commenced during 
the two weeks prior to the set survey deployment date of 
November 6, 2017. 

More security in an emergency case 
These activities included developing an “Isolation Plan” which 
meant that operators would need to open and close branch 
valves from this water main that served other streets and 
main building fire systems and drinking water. During this 
necessary valve testing exercise, some mainline valves were 
found to be inoperable, and were replaced immediately. This 
action improved the system in case of an emergency and if 
further rehabilitation or repairs were needed as a result of 
the MTA survey. 
Permitting was a factor in the planning stage. Due to the 
anticipated short duration of the survey, a three day Emer-
gency Works Permit was obtained, in addition to inclusion of 
the work under a normal manhole access permit. The extrac-
tion location was directly in front of the US Department of 
Commerce headquarters, incidentally who’s main purpose is 
to encourage sustainable development and improve standards 
of living for all Americans. It was necessary that a formal 
notification and that a disruption in their water service was 
accepted by the Department. 
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During planning meetings, it became apparent that the 
intended locations for the access into the pipe would need 
to be re-evaluated due to pedestrian and traffic movement, 
buried utilities and streetscape. By the time access locations 
were field verified and finalized, the inspection distance 
became 2,200 linear feet, starting north of New York Ave and 
ending north of Constitution Ave in front of the Ronald Rea-
gan Building and International Trade Center.

Access on a six lane urban street 
The starting access location was ideally situated well away 
from the intersection and would limit the road closure 
requirements to two lanes of this six lane street. Near the 
Pennsylvania Avenue intersection, the 600mm (24inch) main 
reduced to a 500mm (20inch) diameter main and meandered 
to become located under the sidewalk, therefore requiring 
only one lane traffic reduction.
Roughly 25 minutes from plunging the MTA Pipe-Inspector 
into the pipe it was tracked and confirmed that it had arrived 
at the retrieval location. Once the locator confirmed this, the 
in-line valves were closed, as well as the hydrants, and the 
flow was stopped.

Flow rate and turbidity 
Actual wall thickness was confirmed by measuring the pipe 
coupons retrieved from the pipe tapping operations prior to 
the deployment date. It was also noted that the pipe was 
cement mortar lined, and the lining still adhered to the host 
pipe after all these years in operation.
As darkness set in on the night of the work, crews were mobi-
lized, traffic control was set up, and the contractor selected 
by DC Water removed road plates that had covered their previ-
ous preparation pits accessing the main. As a video record of 
the survey was required, it was important to obtain turbidity 
readings prior to the start of the survey. Turbidity was tested 
at the insertion and extraction location to be within normal 
acceptable range to enable clear video imaging.

The flow rates were checked with an ultrasonic flow meter 
at the retrieval point and found to be within the 0,5m/s (1.75 
ft/s) minimum and 1,5m/s (5 ft/s) maximum, and pressure was 
verified at around 4bar (60psi), and the work was set to start. 
Two downstream hydrants were opened and adjusted to 
manipulate the flow to achieve 200l/s, which equated to a 
velocity of 2.33ft/s in the 600mm/24inch pipe, and 3.35ft/s in 
the 500mm/20inch pipe.
Prior to deployment, the start point and end point were pre-
pared with T-pieces and valves to be able to connect insertion 
and retrieval sluices containing the MTA Pipe-Inspector sys-
tem. The insertion sluice was attached at the valve at the 
start point. To minimize the quantity of air introduced to the 
pipeline by inserting the inspection device the pipe was filled 
with water. 

Access and retrieval point 
The retrieval sluice was attached at the valve at the end extrac-
tion access location. It was utilized to insert a retrieval net 
which covered the complete main pipe inside diameter to catch 
the MTA Pipe-Inspector tool. Before the assembling of the 
retrieval sluice and retrieval system, all components of the 
catching net were disinfected with a liquid disinfectant.
The entire retrieval system was installed in place prior to 
final preparation at the start access location. This eliminated 
the risk of accidental deployment of the tool into the pipe 
and potential loss in the system once the flow was restored. 
Since the device had to pass 3 horizontal butterfly valves, 
the inspection tool required ballast modification to ensure 
the device was running through the pipe as close as possible 
to the bottom ground level of the pipe. This necessary adjust-
ment meant that the optical inspection would be focused on 
the lower part of the pipe.

Device tracking and retrieval 
Once the MTA Pipe-Inspector tool itself was disinfected and 
inserted into the sluice, the sluice valve was opened to allow 
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Start access sluice valve installed by DC Water forces Retrieval access sluice valve installed with riser piece
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the inspection device to be plunged into the main pipe and 
start the inspection run. Due to the emitted signal the MTA 
Pipe-Inspector was tracked along the main pipe until it 
reached the retrieval net at the end-point.
The catching net was pulled back into the retrieval sluice and 
the valve below the sluice was closed to disconnect the sluice 
from the main pipe. By slightly opening the top flange, the 
pressure inside the sluice was released and the inspection 
device was taken out for downloading the inspection data.

Revelations and recommendations 
Pre-inspection line isolation and coordinated flow manipula-
tion during the inspection between MTA and DC Water opera-
tions proved the ability to control the deployment within the 
pipe, eliminating the possibility of losing the device in the 
system. Tracking the device from the surface and vertically 
up the retrieval sluice demonstrated MTA’s deployment con-
trol confidence.  
The temperature and pressure data recorded by MTA Pipe-
Inspector inside the pipeline did not show any anomalies. 
The recorded pressure difference inside the pipe from the 
start point to the end was 14.5psi (1bar) which matched exact-
ly the difference in altitude between the two points. The 
optical evaluation revealed the condition of the three valves 
in addition to identifying several deposit areas where some 
of the cement mortar lining had dis-bonded from the cast 
iron pipe.
The first identified leak, located near the entry point street 
intersection, was very small and therefore not deemed to 
require further actions aside from future monitoring at this 
point in time. It was located south of a branch line on the 
right side of the flow direction. The ability to provide a clock 
position in this case identified the leak as a possible service 
connection leak. 

The second leak, while being rated as larger, yet overall con-
sidered to be small, was further down along the pressure 
pipe. This location was almost equidistant between a branch 
on one side, and two branch tee connections running per-
pendicularly in both directions. 
MTA recommended that a water loss analysis should be initi-
ated to quantify the real water loss from the leakages prior 
to planning for further actions. In addition, to get a total 360 
degree detailed optical overview of the interior pipe condi-
tion, a second MTA survey could be set up to run along the 
top side (obvert). Prior to any excavation for a leak, it was 
recommended that the leak position be verified by another 
technology, such as geophones or standard leak detection 
technologies.
DC Water is continuing cable-less video inspections of more 
segments of their aged cast iron water pipes using the MTA 
Pipe-Inspector in 2018. The data will be used by engineers to 
provide an existing condition based asset management evalu-
ation for further remedial actions, based on multiple sources 
of pipe operational conditions. 

Authors:
DI Michael Huainig 
Managing Engineer 

Mag. Sylvia Petschnig 
Marketing & Business Development 
MTA Messtechnik GmbH, Austria 

Gordon Henrich 
Pipeline Integrity Technology Associates 
MTA Messtechnik GmbH’s North American Business Partner

Plunging sleeve connection typical at both access points MTA Pipe-Inspector DN125 continues to operate after extraction 
until turned off and on-board data extracted to computer for 
immediate video review and data analysis
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Rehabilitation of an asbestos 
 cement trunk water main with a 
length of 10 kilometres
The municipality of Reocín in central Cantabria, Spain has a 
supply system consisting of a source from the River Saja, a 
treatment plant in Ruente and a DN 250 asbestos cement water 
main that extends for 10 kilometres to the municipal reservoirs. 
This system supplies water to a population of 15,000 inhabitants, 
and the demand rises sharply during the holiday season.
The water main was constructed in the 1950s and was in a criti-
cal condition with frequent breaks and service interruptions. 
The water loss rate on this pipe amounted to approximately 
25 %. The Government of Cantabria is responsible for the main 
water supply infrastructure in the region, and decided to begin 
urgent work on its full restoration. 
The original plan was to replace the piping using a conventional 
open trench installation but the water main runs through areas 
near the environmentally sensitive Saja Nature Reserve and a 
large amount of land would have been occupied during the 
installation work. Hence, the Government of Cantabria’s Water 
Board decided to look into trenchless rehabilitation 
solutions.
A detailed study into the alternative Primus Line® system proved 
its feasibility, revealing cost savings of up to 30 % 
in comparison to open trench replacement. In 
addition, the construction period could be 
reduced from 12 to 4 months. As a result, a 
change of technology was favoured. The contract 
was awarded to the successful bidder, Dragados 
S.A., which com-missioned the trenchless special-
ist Sinzatec to carry out the rehabilitation work 
on the water main.
The work involved the rehabilitation of 
9,850 metres of DN 250 asbestos cement water 
main with the DN 250 PN 15 Primus Line® system, 
and of 495 metres of DN 250 PVC pipes with the 
DN 200 PN 18 Primus Line® system. 
The work was scheduled at 20 different installa-
tion sites, arranged according to the layout of 
the network, reinstatement of fittings such as 
air and scour valves and the location of existing 
services. The length of these sections varied from 
161 to 908 metres. The average section measured 
between 500 to 600 metres. A total of 60 DN 250 
and four DN 200 low pressure Primus Line con-
nectors were required.
But before cleaning the water main and inserting 
the Primus Liner, the water supply had to be cut 
off from the section to be restored. In this case, 

it was possible to isolate the section using an existing water 
supply from the “Autovía del Agua”, an underground aqueduct 
at a point halfway along the water main. A provisional inlet was 
set up there, so that restoration work could begin along the first 
7 kilometres without a bypass. A provisional pipeline had to be 
installed along the final 3 kilometres using DN 110 HDPE pipes, 
and the  restoration work was carried out section-by-section.
On the restored sections sharp bends of up to 45 degrees, 
sweeping bends in the asbestos cement water main and eleva-
tion changes had to be accommodated. The 10 kilometre water 
main crosses bridges, motorways, roads, railways, urban areas, 
uncultivated landscapes, woodlands and pastures.
Work began in December 2016 and came to an end only four 
months later in April 2017. This is the largest ever project exe-
cuted with trenchless technology in Spain and highlights the 
benefits of using trenchless solutions such as Primus Line® for 
the full rehabilitation of a supply network.
 
Further information:
www.primusline.com

The work was scheduled at 20 different installation sites, arranged according to 
the layout of the network, reinstatement of fittings such as air and scour valves 
and the location of existing services. Source: Rädlinger primus line GmbH
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“A system for pretreating 
 process water is not a washing 
machine”
It was an elite order: for an electro-chemical production process developed in-house, MTU 
Aero Engines in Munich needs process water with highly precisely calibrated properties. A 
task that only a few are up to solving. BAUER Resources GmbH is among them. We spoke to 
Key Account Manager Herbert Bassek about the challenges of the industry now and in the 
future.

BAUER Resources celebrated its ten-year anniver-
sary in 2017. What has changed over the course of 
these past ten years in the industry? How has the 
business segment developed?

Bassek: BAUER focuses on three segments: mechanical 
engineering, specialist foundation engineering and 
resources. Over the past few years, BAUER Resources 
has primarily focused on the areas of contaminated site 
and groundwater remediation, process water treatment 
and wastewater and drinking water springs. Bauer Water 
itself looks back on over 40 years of history. We are 
rigorously developing this business field. For us, it is a 

clear strategic target that 
this sector will continue 

to grow on its own 
strength in the future. 
The primary sectors 
for us are the auto-
motive and food 

industries, the oil and 
gas sectors and the 

chemical industry.

Where do you generally see the markets with the 
biggest growth potential?

Bassek: We have a clear industry focus – unlike many 
other companies. We look where water is being used. 
Especially in the food industry, the requirements are par-
ticularly high, and we have not yet exploited our full poten-
tial here by any means. The formerly big growth countries 
have lost considerably in value over the past few years 
due to the political and economic situation. Internation-
alization with subsidiaries in as many countries as possible 
is no longer necessarily the best strategy. When evaluat-
ing a country, besides the economic development, market 
size and availability of resources, the political situation 
and its stability must also be considered.

Is there a cash cow at Bauer Water?

Bassek: No there isn’t, because we don’t sell any products 
but rather tailored systems construction within a wide 
range of sectors. Every design brief is different and 
requires a unique product as a solution. You can’t duplicate 
a system 1:1. This is precisely what I enjoy so much: always 
being faced with new challenges. Thanks to the longstand-
ing experience of our colleagues in sales and planning, 
along with project management, they have the level of 
expertise required to be able to adapt to meet these new 
challenges time and time again. Our big advantage here 
is that the BAUER group is represented in around 60 coun-
tries. This means if we receive an order from China, Aus-
tralia or Africa, there is always a BAUER unit somewhere 
to support us. This works very well throughout the entire 
corporation. It may for instance be a case of customs 
conditions, tax questions or safety issues. And we find 
local companies through BAUER that we can incorporate 
for assembly or electro-technical tasks. The exciting thing 
is always ultimately fulfilling the task in such a way so 
that it is efficient. We are also helped here by the fact 
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that we can think outside the box and understand the 
production sequences in the respective industries. This is 
the key to success.

Do you have any recruitment worries?

Bassek: Yes, this is a big challenge particularly at the 
moment to win over qualified employees on the employ-
ment market. Unfortunately, specialists that understand 
how to make tailored systems don’t tend to grow on 
trees. The business lives from experience.

Being an attractive employer surely helps with 
recruitment?

Bassek: Yes. The way I see it, BAUER is a very good 
employer. I have passed through several stations in my 
career and have come back to BAUER, because cohesion 
is particularly well pronounced here.

You solved a particularly difficult challenge for 
MTU Aero Engines in Munich in engine 
 production.1 What was this project about; what 
was the crux?

Bassek: MTU has developed a machine tool for the 
production of engine stages. It uses an electro-chemical 
procedure to produce a key component from chrome-
nickel-steel in just two processing steps. To do so, an 
electrolyte must be provided under precisely defined 
conditions. During the process, chrome (VI) is produced, 
which is carcinogenic and must therefore be removed. 
Furthermore, the separated nickel-chrome particles 
must be filtered out. After freeing it from solid material, 
the electrolyte is set to a defined pressure, salt content 
and temperature.

What was the biggest challenge here?

Bassek: Due to the high salt content, the electrolyte 
solution does not behave like water or wastewater usu-
ally would, as we are familiar with from for instance 
electroplating technology. Every optimization on the 
machine tool also necessitates an adjustment to the 
process water treatment – as soon as possible. And so, 
a system for pretreating process water is not a washing 
machine. You can’t press a button and always run the 
same automated program. Particles do not always break 
down the way we thought they would. The temperature 
range has a very low tolerance. This is precisely what 
makes the challenge so alluring. In the meantime, we 
have everything well under control and the systems have 
been running seven days a week, 24 hours a day. It is our 

1   see Pages 48-49 (Process Water: Innovation and precision in engine 
production)

task to face up to every new requirement from production 
– and sometimes also to recognize the limitations set by 
the natural laws of physics and chemistry.

The electrolyte is in a closed circuit. But still 
there must surely be residues?

Bassek: Yes, the metal particles and metal hydroxide 
separated from the workpiece are separated using a 
lamella separator and removed from the process by 
means of the sludge de-hydration chamber. MTU directs 
the sludge away for proper recycling or disposal. The 
heavily nickel-contaminated sludge is reused.

Are the requirements for process water treat-
ment becoming increasingly complex?

Bassek: The requirements are high but solvable. It’s 
not getting harder to find solutions. You simply have to 
want to. In special cases, whereby we cannot simply 

“The requirements are high but solvable. It’s not 
 getting harder to find solutions. You simply have to 
want to find them.”

BAUER RESOURCES GMBH  

u  The hot topics for the global development today are the 
issues of water, environment, and mineral resources, along 
with urbanization. Big tasks for the companies of BAUER 
Resources GmbH lie in these areas. Besides construction 
and mechanical engineering, it is the third segment of the 
BAUER Group, has highly qualified expert personnel and is 
superbly technically equipped.

  In addition to exploration, extraction and distribution, the 
water sector also includes the technical treatment of water 
and wastewater for industrial use. Here, the applications of 
various technologies for drinking water, process water and 
wastewater treatment are primarily in focus.

  The Environmental sector provides a comprehensive 
range of services and products for site remediation and 
site recycling.

  The Mineral Resources sector is involved with the 
exploration, extraction and distribution of various natural 
resources.

  The focus is on drilling and extraction services for the oil, 
gas, and mining industries.

Further information: 
www.BAUER.de/bre
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offer the customer a solution “out of the drawer”, we 
conduct laboratory and technical experiments on a pilot 
scale together with the customer in order to come up 
with an optimal solution. A big driver in the industry is 
the issue of resource conservation. Financial constraints 
often determine the use of the certainly available and 
extremely effective technologies. In Germany, water 
and wastewater treatment is comparably cheap, mean-
ing the issue of resource conservation plays a relatively 
subordinated role. There are global companies that set 
themselves ambitious environmental targets – but ulti-
mately only ever when it is profitable to do so.

Might a disadvantage of the location emerge 
because we are driving forward research and 
develop ment into resource conservation less inten-
sively due to the lower cost pressure in this area?

Bassek: No, I don’t think so. We know the technologies 
involved with recycling water. We can use and adapt 
them. And we always keep our engineering expertise 
up to date. I think we are well-positioned here.

To what extent are you prepared to accept compro-
mises in terms of quality and environmental stand-
ards in developing countries?

Bassek: We are not prepared to change ourselves just 
to get an order. We don’t usually have to because a high 
standard is required in tenders. Most countries orient 
themselves around the WHO standards for drinking 
water today; this is relatively comparable all over the 
world. I am not familiar with a single case where anyone 
said: “It doesn’t matter, it’s not really important to us.” 
In some places, the requirements for wastewater dis-
charge are stricter than in Germany. In Russia for 
instance, some mineral waters that we drink in Germany 
are not allowed to be fed into the wastewater system 
– because they exceed the limit value for sulfates. And 
companies with international operations want to make 
sure these requirements are adhered to. They perceive 
this as a matter of course. Large automobile manufac-
turers or food companies simply cannot afford bad press 
as the result of process water and wastewater treat-
ment that was not compliant with the legal 
requirements.

The issue of water scarcity is currently a very 
 present one in the media: California and now also 
Cape Town have made the headlines. As an expert, 
you know the technical possibilities and limits. How 
threatening is the situation? Is there any room for 
improvement? What can we do?

“Every design brief is different and requires a unique 
product as a solution. You can’t duplicate a system 1:1.”
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Bassek: I am not sufficiently familiar with the specific 
situation in California and South Africa. I think there is 
still a bit of potential for saving, as there is a lot of 
waste that can be eliminated. But ultimately it is merely 
a case of adapting to the recurring drought periods in 
these countries – and not only there. It is obviously a 
case of closing water cycles. However, this will not be 
sufficient to solve the issue of water scarcity. Private 
consumption is vital here.

How much can actually be saved by the current 
technological solutions? Are there any lighthouse 
projects that show what is possible here?

Bassek: Yes, a project from the automotive industry: if 
you buy a new VW or Audi, this vehicle will be quality-
controlled in the final stage of production in a water-
tightness testing facility. So the vehicle is sprayed with 
water at a certain pressure and an employee checks 
that all seals are really watertight or whether water 
has got in anywhere. This is the last stage of the quality 
inspection. Here, we used special recycling technologies 
in order to guide this washing water back into the cir-
culation. This allowed us to reduce the water consump-
tion by over 90 percent.

What big, sustainable changes have you observed 
over the past few years? And where is the trend 
headed?

Bassek: Our biggest change in the company was the 
step to readdress the issues of drinking, process and 
wastewater. We want to build on our existing strengths 
in this area over the coming years and make up around 
a fifth of the corporation’s sales with BAUER Resources 
GmbH in the long term. And when it comes to the future: 
I believe we are starting to realize the gravity of the 
challenges with which we are currently faced. Key words 
here include agriculture and fertilizers, multi-resistant 
germs, antibiotics, medicines and other persistent sub-
stances in the wastewater that get back into the drink-
ing water through the water circulation. I see significant 
challenges for the future here.

Interviewee

Herbert Bassek
Senior Key Account Manager
BAUER Resources GmbH
Teckstraße 11
78727 Oberndorf a.N., Germany
Phone: +49 201 89401-32
herbert.bassek@bauer.de
www.bauer-water.com

“Internationalization with subsidiaries in as many countries as possible is no longer 
 necessarily the best strategy.”

EVERTHING THAT IS IMPORTANT
The new monthly Water Solutions newsletter:

+  all relevant technical news for professionals of the water and wastewater sector

+  topical discussions and trends of the sector

+  important questions of market strategies and developments,  
companies and products

Subscribe now!
www.water-solutions.info

The sector´s newsletter 



48 | 2 2018WATERS  LUTI  NS

WASTE WATER   PROCESS WATER

Innovation and precision in engine 
production
MTU Aero Engines from Munich holds a leading position as a 
high-tech technology company on the global stage when it 
comes to aero engine production: compressors, turbines and 
turbine center frames made by MTU are among the best avail-
able on the market. The further development and improvement 
of these highly precise engine components is an integral com-
ponent of the company philosophy. Within this context, MTU 
has not only developed and integrated new machine tools for 
the production of so-called compressor blisks (blade integrated 
disks) (Figure 1) into production processes but has also refined 
the ultra-modern PECM process.
Several blisks arranged incrementally make up the core of 
compressors – not only for small engines but increasingly 
also for large engines with commercial or military applica-
tions. The latest generation of commercial engines, the so-
called geared turbofan with blisk technology, sustainably 
reduces fuel consumption, CO2 and noise emissions.
Standard production until now had been carried out by means 
of metal-cutting machining – in particular milling – in numer-
ous individual steps. The new machine tools use electrochemi-
cal processes to produce the blisks “from scratch”. Particu-
larly when processing high-strength nickel-chrome alloys, 
this provides particular advantages and significantly shorter 
production cycles as these are difficult to machine.

The ECM and the PECM process
Increased productivity is achieved through so-called electro-
chemical machining (electrochemical machining, ECM process 
for short). These processes guarantee material removal free 
of residual stress, smooth transitions and a smooth surface. 
The removal principle based on anodic metal dissolution by 
means of electrolysis is common to all processes.

The workpiece is guided by computer through the gap of just 
a few tenths of a millimeter. DC voltage is applied to the 
workpiece and the tool: the workpiece acts as the anode and 
the tool as the cathode.
When an electrolyte is guided through the gap at high pres-
sure, metal is removed evenly from the workpiece surface. 
The contour is created by moving the tool correspondingly. 
The metal removal, for instance nickel-base alloy and the 
loosened chrome, is continually removed with the flow of 
electrolytes, whereby the electrochemical conditions for the 
machining remain the same. Once the machine tool has been 
set up, the blisks can be produced with consistently high 
quality and reproducibility.
Besides the ECM process, by means of which the contour of 
the workpiece is essentially carved out, MTU uses the so-
called PECM process (Pulsed Electrochemical Machining) that 
it has further developed for the purposes of precision machin-
ing and smoothing off the surfaces.
Both processes (Figure 2) subject the chemical-physical prop-
erties of the electrolytes to high requirements and narrow 
tolerances. Germany’s leading engine manufacturer, together 
with Bauer Water, a Business Division of BAUER Resources 
GmbH, has developed and implemented a way of treating 
process water for machine tools.

Pretreatment must react immediately
The core of the process water treatment is to safely and reli-
ably remove dissolved chrome (VI) from the electrolytes 
whilst keeping the parameters temperature, pressure, volume 
flow and electrolyte concentrations constant within their 
narrow fluctuation ranges. The tolerance at this temperature 
is only +/- 1 °K in the PECM circulation. Depending on feed 

Figure 1: Compressor blisk (blade integrated disk) Figure 2: Schematic presentation ECM/PECM process
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and metal removal in the machine tool, the gap width chang-
es and has an influence on the system parameters, a change 
to which the process water treatment must react immediately. 
Direct communication between machine tool and process 
water treatment via Ethernet is therefore essential.
The carcinogenic chrome (VI) is reduced by means of a chemi-
cal reaction using sodium dithionite into a harmless chrome 
(III). This process is regulated by the redox potential. This is 
a reliable solution for process control.
The chrome (III) hydroxide flakes formed during the reaction 
are separated by a lamella separator and subsequently dewa-
tered. The electrolyte itself must be cleaned of all solid mate-
rials/flakes after detoxification. For this, one bag filter station 
is sufficient in the ECM circulation. In the PECM circuit, the 
requirements are higher, as the gap width at the tool machine 
is even smaller: here, the finest particles are safely removed 
and an electrolyte free of particulate matter produced by 

means of ultra-filtration. The electrolyte is re-sharpened in 
the fresh electrolyte container in order to adhere to the 
required concentration and conductivity for workpiece 
machining.

Process completion
In the last stage of treatment, the electrolyte is temperature-
controlled: the thermal load added to the electrolyte during 
workpiece machining must be removed from the circulation 
again. Special safety heat exchangers and a sophisticated 
control system reliably dissipate any superfluous heat.
This is where the circle closes and the electrolyte is fed back 
to the ECM and PECM machine tools again under defined 
conditions (pressure, volume flow, temperature and 
concentration).
The process water treatment works fully automatically, com-
municates by means of LWL with the machine tools and is 
integrated into the MTU pipe system. Compactly integrated 
into existing building structures, the precise process water 
treatment joins together with innovative engine production 
process to create a pioneering technology.

Authors:
Norbert Rast
MTU Aero Engines
norbert.rast@mtu.de

Martin Könitzer
MTU Aero Engines 
martin.koenitzer@mtu.de

Herbert Bassek
Bauer Water
herbert.bassek@bauer.deFigure 4: PECM system

Figure 3: Process water treatment for ECM- and PECM processes 
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Basic engineering as franchise 
concept
In order to meet the globally increasing requirements on 
flexible, biological wastewater treatment plants, Multi 
Umwelttechnologie AG (Mutag) is now offering their basic 
engineering support in the form of a franchise-concept. In 
this way, companies engaged in marketing and/or operating 
this technology, or being interested in using this technology 
as additional know-how can benefit from Mutag’s many years 
of experience and development work.
In Germany, the production of standardized water treatment 
plants is currently not profitable due to high manufacturing and 
transport costs. In case that the steel structures and the pipework 
are manufactured according to construction plans directly at site 
in the respective destination country where the plants are urgent-
ly needed, suchlike plants can be produced at significantly lower 
costs. Additionally, such a support is contributing to the further 
development of the destination countries.
In a franchise concept, companies in these countries are given 
the possibility to use the long-term know-how and engineer-
ing basic guidelines. They will hence neither need any addi-
tional development nor highly-skilled employees. Thanks to 
this franchise concept, the business idea of offering the 

production and the operation of compact, flexible wastewater 
treatment plants is possible to be brought into price-con-
scious markets and developing countries.
It is essential that highly efficient and flexible plants can be 
produced and operated directly on the spot. In this way, any 
potential further costs can be kept as low as possible.
The efficiency of the Mutag MBBR power pack™ unit becomes 
obvious when comparing it directly to other containerized 
plants which are available in the market.
A Mutag MBBR power pack™ unit in the framework of a 40ft 
container having dimensions of 12.0 m x 2.3 m x 2.5 m (L x W 
x H) is designed for municipal wastewater treatment at a 
capacity of 2,400 m³/d, load of 6,600 PE and 400 kg/d BOD at 
15°C. Hence, the removal performance of the Mutag MBBR 
power pack™ unit at the same MBBR reaction tank volume is 
a double or a multifold of other available containerized plants 
which are comparable in size. For the operator it is also 
essential to know that only one unit will be required instead 
of 2 or even more containers. As a result, additional costs 
can be further reduced by providing savings in both capital 
and operational expenditure. 

The Mutag MBBR power pack™

So
ur

ce
: M

ul
ti 

Um
w

el
tt

ec
hn

ol
og

ie
 A

G



51| 2 2018WATERS  LUTI  NS

TREATMENT   WASTE WATER

What are the benefits?
The franchisee is not only supplied with the Mutag BioChip™ 
high-performance carrier media and the membrane air diffuser 
panels. He also is brought into the position to use the long-term 
know-how of MBBR-process- und application technology, biofilm-
technology and support, starting from the designing of plants 
up to the calculation and layout of the particular components. 
Also the constructional design of retention screens, as well as 
mass balance, flow-sheets, basic P&ID, datasheets of equipment 
components, and construction plans are included in the scope 
of supply of the franchisor (Mutag).
Of particular importance is the operational support after the 
construction of the plant. For this purpose, the franchisor Mutag 
provides complete commissioning- and operation manuals, as 
well as documents, and supports the operating staff by means 
of evaluation of the operating data and by giving recommenda-
tions for an optimal plant operation.

Why is the efficiency higher?
The removal efficiency in a smallest possible MBBR reaction tank 
(-volume) can be significantly enhanced by using and combining 
certain selected components. By using highly effective membrane 
aeration panels, very fine-bubbled process air is being supplied, 
ensuring that the oxygen quantity required for the high biological 
removal performance can be transferred into the water. If the 
supply of this high oxygen mass would not be ensured, the aerobic 
removal process would not take place.
It is of particular importance that sufficient active biomass is 
maintained inside the MBBR tank in controlled manner. Compared 
to other carrier media in containerized plants, controlled biomass 
growth is realized by using the highly efficient Mutag BioChip™ 
carriers. It is essential that the biomass fixed in the pore structure 
of the approx. 1.1 mm flat chip (disc) is sufficiently being supplied 
with substrate and oxygen from both sides by diffusion. Conse-
quently, the entire biomass is kept active and no inactive sludge 
will clog the pores. Due to the carriers contacting very smoothly 
with each other in the moving bed bio-reactor, the biofilm (bio-
mass) inside the pore system of the Chip is constantly kept at a 
layer thickness of approx. 0.5 mm on both sides of the Chip. Any 
excess biomass is sheared off. Hence, the defined depth of the 
pores ensures that the biofilm is optimally controlled in its thick-
ness and provides hence a very high biological activity. 
This effect provided by the Mutag BioChip™ is unique in its nature. 
It is indeed very surprising to see that this positive effect with 
its highly advantageous features is being recognized rather rarely 
among experts. 
Contrary to the Mutag BioChip™, the biomass on other carriers 
made of PE is highly susceptible to being flushed off the carrier 
surface. Furthermore, the biofilm on such carriers cannot be 
controlled in thickness. The positive, advantageous effect of the 
Mutag BioChip™ is impossible to reach with injection-molded 
plastic carriers. 

Plant operation or BOT models
Along with the cost-saving benefit provided through the 
production of the plant components (pipework and steel 

structure) in the destination countries, the plant operation 
by the franchisee is made possible or simplified due to the 
support provided by the franchisor (Mutag).
Furthermore, BOT models are possible as well (BOT = Build, 
Operate and Transfer). In such cases, the plants are arranged 
on foundations and are hence not attached to the ground. 
Whenever required, these plants can be dismantled and be 
re-installed for further use in another location. This is what 
makes the Mutag MBBR power pack™ to an ideal solution for 
temporary applications, e.g. worker camps in the mining 
industry or in the oil and gas exploration sector, or military 
camps, etc.

Which containerized plant concepts are available?
In the overall concept, there are different standardized com-
ponents available, consisting of MBBR technology for COD/
BOD removal, nitrification or Anammox process. For the deni-
trification process, containerized MBBR units with optimized 
mixing equipment are available. Depending on the application 
requirement, the standardized modules can be arranged in 
individual combinations in order to adapt the system for the 
respective application task.
Depending on the respective demands and requirements, 
plant concepts for the application of MBBR/IFAS technology 
combined with MBR technology (membrane separation tech-
nology) can be provided.

Authors:
Cornelia Harmsen
René Trübenbach
Multi Umwelttechnologie AG
www.mutag.de/en/startpage

The Mutag BioChip™
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High-tech for tertiary wastewater 
treatment

The global reuse of water directly after it has been treated in 
a wastewater treatment plant is increasingly gaining in impor-
tance, be it for reasons of environmentalism or efficiency. This 
increases demands on the treatment of wastewater and requires 
additional treatment phases. A fundamental part of tertiary 

wastewater treatment is the added filtration. It is the basis for 
further steps of conditioning, such as a fourth treatment stage, 
separation of microplastics, retention of phosphorus, or 
disinfection.
INVENT Umwelt- und Verfahrenstechnik AG made use of their 
experience in the sector of water and wastewater treatment as 
well as their expertise in the fields of fluid mechanics, hydraulics 
and component design to develop the iFILT-diamond filter. It 
was constructed especially for the separation of solids from 
fluids as the next treatment phase after secondary sedimenta-
tion. It removes the smallest suspended solids that are still 
present in wastewater, for example activated sludge flakes, 
microplastics, precipitation flakes after phosphorus reduction 
or powdered activated carbon. It is extraordinarily energy- and 
resource-efficient and offers excellent separation performance 
using a minimum of space.
Industrial enterprises are also greatly interested in the energy-
efficient and ecological use of their processing water. The iFILT-
diamond filter can be applied in many areas, such as in the 
general reuse of processing water in the paper and textile 
industries, water treatment in fisheries or the treatment of flush 
water in the beverage industry.

Cross-flow-filtration limits the built-up of a surface layer to a 
minimum and guarantees the highest hydraulic efficiency

Interior view: the rotating filter discs are mechanically directly connected. They are equipped with high-quality stainless steel filter cloth
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Construction and mode of operation 
The filter consists of one or more filter wheels, backwash 
unit, enclosure and tray. The filter discs are directly mechani-
cally connected without the additional usage of a central 
pipe. They are equipped with high-quality, stainless steel, 
high-performance filter cloth with pore sizes varying between 
10 and 100 µm.
The iFILT-diamond filter is charged directly into the rotor 
center via a fluid-mechanically optimized distributor, which 
eliminates the usage of a gasket in the feed area. This rules 
out any unnoticed leakages and filtrate contamination due 
to worn-out gaskets. Via the distributor wastewater runs 
through the filter wheels from the inside towards the outside. 
The increasing loads of solids on the filter material slowly 
leads to a rise of the hydraulic resistance, which eventually 
leads to a rise of the water level within the filter wheels. 
When a predetermined water level within the filter wheels 
has been reached a backwash of the filter cloth is triggered. 
The periodic backwash or removal of retained solids from the 
filter cloth is performed with the help of splash water, which 
is applied to the filter cloth from the outside. The splash 
water pump is charged with filtrate and thus does not require 
an external water supply. By way of rotor rotation and clean-
ing action of the spray nozzles the removed solids are flushed 
into an internal collecting flume and are drained off the 
machine separate to the filtrate. The solids are usually rein-
troduced to the wastewater treatment plant’s influent.

Hydraulic performance due to 
cross-flow-filtration
The iFILT-diamond filter uses a well-thought-out fluid-
mechanical overall concept. Depending on the individual case 
this concept enhances hydraulic performance by up to 100 
percent. This is achieved by using a holistic fluid-mechanical 
optimization approach that 
is based on the principle of 
cross-flow-filtration.
The continuous rotation of 
the disc, the very high rota-
tional speed and the thus 
initiated effect of a tangen-
tial-dynamic filtration limit 
the built-up of a surface 
layer to a minimum and 
enable an optimal hydraulic 
discharge. A small number 
of rotating filter discs 
already achieve high 
throughputs. This means 
low spatial requirements: 
the filter can be put into 
operation even under 
restricted circumstances 
with regard to space. 
Apart from the hydraulic 
efficiency and the resulting 

high economic efficiency the iFILT-diamond filter offers addi-
tional advantages for the operator. The fact that no large-
scale gasket neither in the rotor’s feed nor the discharge area 
is required makes the machine virtually maintenance-free. 
Leakage and therefore unnoticed deterioration of the filtrate’s 
quality will not happen. As the filter disc is in constant rota-
tion the energy-intensive backwashing cycles are reduced to 
a minimum and the overall energy consumption of the filter 
is extremely low. All components of the filter are made of 
high-quality stainless steel, therefore by far exceeding all 
requirements of modern wastewater treatment with regard 
to durability and longevity. The applied material meets the 
highest demands on robustness and mechanical stability 
even under the most adverse conditions.
Additionally, being an INVENT complete solution, the diamond 
filter is particularly easy to install. During assembly it will 
be attached to the supply and drainage pipes and electrically 
connected. The iFILT-diamond filter is available in a container 
version or a concrete tank version, which makes it easy to 
adjust it to any given conditions.
Up to now the processing steps of filtration or micro-sieving 
have been connected with high investment costs, a fact that 
has a deterring effect on many municipalities and industrial 
enterprises. However, public pressure to tackle this subject 
in order to protect the environment is mounting. The newly 
developed and fluid-mechanically optimized filter meets all 
demands on continuative treatment steps in communal and 
industrial water treatment. INVENT therefore makes sure that 
tertiary treatment steps can be realized in a more economic 
and largescale way.

Further information:
www.invent-uv.de

Fluid-mechanically optimized distributor
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From Waste to Tap
Innovation in Water

Pauline Ong

To keep up with the water challenges faced by the city-state, Singapore officially opened its fifth water-recycling 
NEWater plant in Changi in January 2017 – it is also the first plant in the country to involve an overseas company. One 
stop solution, delivered by Siemens in cooperation with BEWG International and PUB for the wastewater recycling 
plant,  ensures seamless integration from automation to the process instruments with the adaption of Simatic PCS 7 
with water library and condition monitoring functionality for fast error detection.

In an environment of rising uncertainties to Singapore’s water 
supply, such as the drying up of Linggiu Reservoir (situated 
in the Malaysia’s southern state of Johor), and rising costs 
of production and conveyance, the city state needs to take 
necessary measures to strengthen its water supply and sus-
tainability. The water level at Linggiu Reservoir, which regu-
lates the flow of water in Johor River from which Singapore 
draws water for import, has fallen from 80 per cent in early 
2015 to around 30 per cent in January this year.

Singapore’s water plan 
NEWater is one of Singapore’s ‘Four National Taps’, along 
with local catchment water, imported water and desalinated 
water. Together, they provide a robust and diversified water 
supply for the island nation. 

The new S$170 million facility is designed, built, owned and 
operated by a joint venture between Chinese consortium BEWG 
International and Singapore’s environmental engineering firm 
UES Holdings Pte Ltd. The other NEWater plants are located in 
Kranji, Ulu Pandan, Bedok and Changi. Together with two other 
desalination plants, the country’s water supply are made up of 
40 per cent NEWater, 25 per cent desalination and the rest from 
reservoirs and imported. 
BEWG, being one of the biggest water groups in China, has built 
and managed 452 plants around the world. Among them, 309 
are in operation – 271 of which are in China and 38 overseas. 

The wastewater project 
“The development of the Singapore NEWater plants comes with 
stricter regulations to ensure high quality of the recycled water 
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that are being produced. Also, something different about this plant 
from the others around the world is that we have to meet a con-
stant demand and capacity of water production, which is 50mgd 
[million gallons per day]. And, we must ensure the 90 per cent 
uptime of the whole plant”, said Steven Zhou, deputy general 
manager of BEWG International, who oversees all BEWG water 
plants around the world.
Chua Kok Leong, general manager of BEWGI-H2O Pte Ltd, 
shared, “This is the first water plant project for BEWG in 
Singapore, but the company’s experience and expertise has 
seen us built a water plant in Singapore that is more auto-
mated, thus saving us on manpower.”

Producing the NEWater
At the BEWG-UESH NEWater Plant, just like the other four in 
Singapore, treated used water first goes through microfiltra-
tion where membranes filter out larger particles. The filtered 
water, containing dissolved salts and organic molecules, then 
goes through the reverse osmosis process where a semi-
permeable membrane removes the remaining tiny molecules. 
The water is further disinfected using ultraviolet light as an 
added safety measure to get rid of any organisms that might 
remain. 
NEWater, which has passed more than 65,000 scientific tests 
and surpasses World Health Organization drinking water 
standards, is clean enough to be used for the electronics 
industry and to be bottled as drinking water. During dry 
months, a small amount of NEWater (up to about 2.5 per cent 
of total daily water consumption) is pumped into reservoirs 
for indirect potable use by blending it with reservoir water. 

The raw water from the reservoirs will then go through regular 
treatment at the waterworks before it is supplied to consum-
ers as tap water.
The latest NEWater plant will add 228,000 cubic metres, or 
50mgd, of high-grade recycled water every day to Singapore’s 
water supply, mainly for industrial purposes. This accounts 
for 10 per cent of Singapore’s current water demand of 
430mgd. According to national water agency PUB, all five 
NEWater plants will meet up to 40 per cent of the country’s 
total daily water demand and this will be raised to 55 per 
cent by 2060. It aims to have both desalination and NEWater 
capacities meet up to 85 per cent of Singapore’s water needs 
by the same year. The BEWG-UESH Newater Plant, which 
spans 49,000 square metres, or 7.5 football fields, will supply 
water to PUB for 25 years.

Installing Siemens’ drives and distributed control 
system 
Siemens was tasked to provide a one-stop solution for the 
plant to achieve its target of producing 50mgd of high-quality 
recycled water. In Oct 2015, BEWG had in plan to introduce 
state of-the-art variable speed drive (VSD) system to its 13 
MV pump units which comprise microfiltration pump, reverse 
osmosis pump and NEWater pump so as to ensure the plant’s 
electrical energy consumption is optimised and to introduce 
redundancy technology to achieve 90 per cent entire plant 
uptime for this facility. The Chinese consortium is also look-
ing at minimal maintenance. 
Siemens offered the Perfect Harmony GH 180 6.6kV MV Drives 
which not only provide the perfect solution to BEWG’s require-

So
ur

ce
: S

ie
m

en
s



56 | 2 2018WATERS  LUTI  NS

WASTE WATER   RECYCLING

ment, but also ensured that the harmonic distortion 
and power factor of the plant distribution grid was 
not affected. 
Edwin Chan, account manager at Siemens’ Process 
Industries and Drives Division, said “Siemens’ pat-
ented cell bypass technology provides maximum 
availability, uptime and easy to change faulty parts. 
It is able to run on very low input voltages. For exam-
ple, we can have five cells down but the system can 
still be operational. This is a big advantage to the 
end-user as they can do a planned preventive 
maintenance.”
This solution is well-supported to ensure that a com-
petitive solution was offered to BEWG. Among the 
benefits gained are energy savings, plant availability/
reduced run down times, greater productivity through 
optimised speed and process performance, improved 
flexibility, with faster run up, standardisation, reduced 
size and line attendance, and ease of maintenance.
The GH 180 with its patented neutral cell bypass is 
able to satisfy the users’ demand for a highly effi-
cient and reliable MV drives system as well as to 
meet the criteria of ensuring availability without a 
single point of failure. In the event of a power cell 
failure, the GH 180 drives are able to bypass the 
faulty cell and continue to run the pumps at optimum 
loading until essential resources are available to 
rectify the fault in a control manner. Modularity 
construction enables the change out of faulty power 
cell within three minutes. 
The drives are supported by SIMATIC PCS 7, which is 
a distributed control system that utilises redundant 
server for high availability, thus, ensuring the system 
remains functional/uptime. In an event if one portion 
of the system is down, a back-up is readily available 
to prevent downtime. 
Accompanying the Perfect Harmony GH180 Drives, 
Siemens  partnered with Precision Control to supply 
the magnetic flowmeter which resulted in higher 
accuracy in measurements that translated into great-
er data transparency. This in turn, translates into the 
greater ability to optimise the process plant. The 
SIMATIC PCS 7 comes complete with Advanced Pro-
cess Library (APL), Industry Library (IL) and Condition 
Monitoring; with approximately 6400 I/O s. The pro-
cess control system enables the ease of process 
optimisation and plant maintenance directly on the 
Operator Stations, by utilising standardised face-
plates, without any customisation to the system.
Precision Control utilises redundant servers to ensure 
high availability, improving on speed and process 
performance. The built-in data analysis tool allows 
more transparency in the process, which translates 
to increased control in optimisation and mainte-
nance. By standardising with the PCS 7 water library, 
local HMI touch panels have the same look and feel 

Interview with Markus Lade, general manager of 
 Siemens’ Waste & Waste Water Industry division.

Could you give us some insights on Siemens’ water 
technology?

For the water and wastewater industry, we have developed an inte-
grated portfolio that covers not only the whole water cycle but also 
the entire plant lifecycle from planning to maintenance. Key elements 
of our offer for integrated engineering and integrated operations are 
simulation and virtual commissioning (SIMIT), process control system 
(SIMATIC PCS 7), integrated plant lifecycle management (COMOS) and 
real-time operation intelligence software (XHQ), as well as SCADA 
Systems. Our field instrumentation provides reliable data of the 
processes, while industrial communication and power supplies enable 
a comprehensive infrastructure for the entire production process.
This innovative technology, combined with the lifecycle approach, 
help our customers to increase the operational security and efficiency 
of their plants and reduce the OPEX at the same time.

Why is this project unique to Siemens? 

Siemens has got a unique chance to export its technology in this 
project to recycle water at relatively lower price, rather than to pro-
duce water from desalination as desalination is an energy-consuming 
process.
Also, for this plant you need it to be highly reliable in order to secure 
the supply. You don’t want to threaten the distribution of water to 
the population in an event if the plant stops running for a while, for 
example. So it is critical to have enough water and the security to 
be able to supply the water. 
Efficiency is a huge topic here – energy efficiency, human resource 
efficiency and plant resources efficiency and investment and so on. 
Not like other plants where you have turnover in the production, ie, 
the change in production line of a car, food and beverage or phar-
maceutical plant. It is important that Siemens is available to support 
the customer and to run the plant efficiently for 25 years. 
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as operator workstations. This process of automation allows 
ease of operation as well as higher productivity.

Ensuring zero variation order 
According to Edwin, challengers in ensuring smooth plant 
operation are similar to the various relevant stakeholders in 
the project. “One example is VSD, only one part of the infra-
structure that is installed. We need to integrate it with many 
items, say remote control from SCADA, LCS interfacing, and 
to take inputs from the pumps such as vibrations, to see if 
it is working properly. We receive input from motors to know 
if it is about to malfunction. 
“Integrating with other manufacturers and catering to ever-
changing project requirement has its challenges but we have 
to actively communicate with each other. In this industry, we 
have to ensure zero variation order – that is to be flexible and 
accommodate to all the changes required,” said Edwin.

Further information:
www.siemens.com/water

The video on YouTube:
http://youtu.be/tUxHrqKaSoU

Author

Pauline Ong
Focus Account Manager 
China, Australia, Singapore
pauline.ong@siemens.com
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The war on microplastics 
How woven solutions sustainably improve drinking water quality 

Dominik Herper 

They’re everywhere. In packaging, bottles, clothes, electronic 
devices, cars, building materials, or even cosmetics: plastics. 
Humans have been using this class of materials for over 60 
years and we can no longer imagine life without them. This 
is because plastics, unlike other groups of materials, have 
an extremely broad array of material properties and can 
therefore be used for a whole range of applications. This 
characteristic – along with their generally low cost and good 
workability – has led to plastics being used to a massive 
extent in more and more areas in recent decades (Figure 1). 
Whereas annual global plastic production stood at just 2 
million tons in 1950, some 380 million tons of plastic were 
produced around the world in 2015 [1]. 

Plastic pollution is omnipresent
This is not without consequences. As a result of this massive 
production and use, a large proportion of the products made 
from plastic, or parts of them, have found their way into 
global ecosystems. Just as we find plastics in virtually every 
application, so is the plastic pollution they cause omnipres-
ent. This waste is particularly damaging to aquatic ecosys-
tems. Plastics have a relatively low density (between 0.8 g/
cm3 and 2.2 g/cm3), which means that they are carried away 
especially easily with draining water. Initially, this water car-
ries plastic waste into surface waters such as lakes or rivers, 
from where it ultimately ends up in the oceans. Estimates 
state that around ten percent of annual plastic production 
lands in the world’s oceans [2]. The plastic parts accumulate 
there to form giant islands of waste such as the Great Pacific 

Garbage Patch. So, it’s hardly surprising that plastic pollution 
constitutes around 80 percent of the total waste found in 
aquatic systems [3]. The problem of the contamination and 
pollution of aquatic ecosystems by plastic products such as 
bags, bottles, packaging, etc. has already been the object of 
discussion and research for some time; avoidance and removal 
strategies have been and continue to be developed. 
A problem that has been largely neglected up until now, 
however, is the fact that not just macroscopic plastic parts 
such as bottles but also microscopically small plastic parti-
cles are carried into waters in the same way. These particles 
are known as microplastics. Microplastics include all plastic 
particles that do not exceed five millimeters in length at their 
largest extent. A distinction is also made between primary 
and secondary microplastics. Primary microplastic – usually 
used as an abrasive or filling agent – is a component of cos-
metics, care products, and cleaning products. Secondary 
microplastic comprises all plastic particles that arise through 
biological, physical, and/or chemical degradation. Prominent 
examples include synthetic fibers that detach from textiles 
during washing but also plastic that wears from tires or 
shoes. Secondary plastic forms the lion’s share of contamina-
tion. The effects of microplastic on biological organisms are 
currently a hot topic of discussion and still need to be backed 
up scientifically. Yet it is known that marine animals mistake 
microplastic particles for food and ingest them. This can lead 
to internal injuries and even obstruction of food intake. Fish 
that we catch for food also take in not inconsiderable 
amounts of microplastic. A study shows that microplastic 

Figure 1: Microplastic is a global environmental problem that 
GKD together with many other experts faces within the funded 
project OEMP

Figure 2: Filter discs being used to filter the water from the sew-
age plant run-off are fitted with optimized dutch weaves from 
GKD
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(HDPE particles) is ingested by mussels and stored in cells 
and tissue. This resulted in histological changes and inflam-
matory reactions [4]. Microplastic particles are also suspected 
of being able to act as carrier substances for pathogenic 
bacteria. 

OEMP project aims at tracing plastics in treated 
waste water
Even though a large proportion of the water polluted with 
microplastic is treated in sewage plants, the smallest parti-
cles are able to pass through the sewage plant and make 
their way into surface waters such as lakes and rivers. This 
is precisely where GKD – Gebr. Kufferath AG is tackling the 
problem with the OEMP project – Optimized Materials and 
Procedures for Removing Microplastics from the Water Cycle. 
One aim of the project is to develop suitable analysis proce-
dures for tracing and characterizing various plastics in treated 
waste water. As the name of the project suggests, however, 
the main goal is to develop new materials to retain micro-
plastic more reliably and thus prevent it from contaminating 
the environment. 
The OEMP project is funded under the initiative “Materials 
for a sustainable water management – MachWas” by the 
Federal Ministry of Education and Research in Germany. A 
widely varied project consortium has convened to tackle the 
numerous challenges from a broad array of specialist areas 
in the project. GKD is not just a technology partner here but 
is also heading the OEMP project. Together with the Technical 

University of Berlin, Invent Umwelt- und Verfahrenstechnik 
GmbH, the German Federal Environment Agency, Berlin Center 
of Competence for Water, the Federal Institute for Materials 
Research and Testing, MeierGuss Limburg GmbH, Berliner 
Wasserbetriebe, Funke Kunststoffe GmbH, and Mecana 
Umwelttechnik GmbH, pioneering studies and solutions con-
cerning microplastic are being developed. 
For GKD the focus of the project is the treatment of waste 
water in the sewage plant. Despite the already high-tech and 
sophisticated treatment of waste water, the tiniest of plastic 
particles are still able to pass through sewage plants and 
flow into rivers, lakes, and ultimately oceans. To find out how 
much microplastic is actually able to pass through a sewage 
plant, a disc filtration system constructed by Invent Umwelt- 
und Verfahrenstechnik was installed at the most productive 
sewage plant in Berlin, the Ruhleben sewage plant, in Decem-
ber 2016. The filter discs are fitted with optimized dutch 
weaves from GKD (Figure 2). They are used to filter the water 
from the sewage plant run-off, that is to say water that has 
already passed through all cleaning stages in the treatment 
plant. 

New weave materials with finer filters
Water filtration in sewage treatment plants poses a particular 
challenge as high waste water flow rates need to be dealt 
with in a sewage plant. Yet to retain the finest plastic par-
ticles, extremely fine filter materials must be used. High flow 
rates in combination with small pore sizes and good separa-

Figure 3: Within the project OEMP, Optimized Materials and Procedures for Removing Microplastics from the Water Cycle,   
GKD developed the optimized dutch weaves ODW6 and ODW8, which are unrivaled in their fineness
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tion performance are characteristic of the optimized dutch 
weaves from GKD. That’s why it was decided during the project 
to develop even finer variants of this weave, with six and 
eight micrometer apertures. The result is the products ODW 
6 and ODW 8 (Figure 3). In the disc filtration system at the 
Ruhleben sewage plant, these two new developments are 
now undergoing side-by-side comparison with ODW 20, an 
optimized dutch weave with an aperture of 20 micrometers, 
which is a standard mesh in waste water filtration. 
The sampling of the real process poses a particular challenge 
to all project partners. Thanks to the good cooperation in the 
interdisciplinary team, a number of unforeseen problems were 
able to be successfully eliminated. It became apparent that 
methods for taking samples and evaluating them for micro-
plastic in particular were simply not available. As such, the 
OEMP team is performing absolutely pioneering work not only 
in the area of material development but also in the field of 
sampling, analysis, and analytics. 
The newly developed comparative measurements with ODW 
20 show that even this standard mesh retains microplastic 
particles of various sizes. In developing the analytics, it was 
agreed that the samples would be examined for three com-
mon plastics: polypropylene (PP), polystyrene (PS), and poly-
ethylene (PE). Initial tests with ODW 6 showed that the vol-
ume of all retained particles is around double that of ODW 

20 (Figure 4). However, it still remains to be determined what 
proportion of this retained material is composed of 
plastics. 
Findings made so far show just how difficult the subject of 
microplastic and its scientific technical evaluation is. Yet, 
they also show that microplastic particles have long been 
widespread in the global ecosystem, particularly in water. If 
the problem of microplastic in water is to be eliminated, it 
has already been proven that current sewage treatment tech-
nology is not sufficient to do this. Although modern sewage 
plants already retain around 96 percent [5] of the microplastics 
carried into them, a higher proportion needs to be aimed for. 

Contact: 
GKD – GEBR. KUFFERATH AG 
Metallweberstraße 46 
52353 Düren, Germany
Phone: +49 2421 803-0 
industrialmesh@gkd.de 
www.gkd.de

Check the references:

 www.water-solutions.info

GKD WORLD WIDE WEAVE   

u  As a privately owned technical weaver, GKD –  Gebr. Kufferath AG is the world market leader in metal, synthetic and spiral mesh 
solutions. Four independent business divisions bundle their expertise under one roof: Industrial Mesh (woven metal mesh and 
filter solutions), Process Belts (belts made of mesh and spirals), Architectural meshes (façades, safety and interior design 
made of metal fabrics) and Mediamesh® (Transparent media façades). With its headquarter in Germany and five other facilities 
in the US, South Africa, China, India and Chile – as well as its branches in France, Spain, Dubai and worldwide representatives, 
GKD is close to markets anywhere in the world. 

Figure 4: Initial tests with ODW 6 showed that the volume of all retained particles is around double that of 
the standard mesh ODW 20

http://www.gkd.de
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Joint research project EmiStop – 
 analysis of microplastic in industrial 
wastewater streams
Microplastic is being detected in more and more natural bodies of water. These small plastic particles partly come 
from the decomposition of plastic waste. Tiny plastic particles and synthetic fibres are produced as residual material 
within a wide range of industries and enter the wastewater stream. Until recently, only estimates have been availa-
ble regarding these microplastic emissions. This is why, for the first time, the EmiStop joint research project is focusing 
on industrial wastewater in microplastic research. Under the leadership of EnviroChemie GmbH, partners from the 
industrial and scientific communities (inter 3 GmbH, BS-Partikel GmbH, TU Darmstadt and HS RheinMain) are syste-
matically analysing the wastewater streams of individual industrial sectors and searching for technological methods 
to remove microplastic from wastewater.

1. Analytical methods 
In a bid to determine the type and quantity of the microplastic 
reliably, two measurement methods are used: raman spec-
troscopy and differential scanning calorimetry. As a result, 
reliable statements on types of plastic, their concentrations 
and the number of individual particles in industrial waste-
water will be available for the first time. Raman spectroscopy 
is a widely established method in microplastic research. The 
smallest particles can be reliably detected and have their 
material determined. Frequent application in water research 
enables the comparison of industrial wastewater analyses 
with the microplastic findings in natural bodies of water. This 
makes it possible to determine particle counts and sizes. In 
combination with the known density of the types of plastic, 
theoretical measures and concen-
trations can be calculated with 
these values.
Differential scanning calorimetry is 
used as standard for quality assur-
ance in plastic production; however, 
it has hardly been used to analyse 
water samples until recently. The 
main advantage of this analysis 
method is the ability to record 
mass concentrations. The project 
involves all wastewater analyses 
being carried out at the same time 
using both analysis methods. The 
intention here is to validate the 
application of differential scanning 
calorimetry to analyse water sam-
ples. In addition, the recorded con-
centrations can be compared with 
the concentrations calculated theo-
retically from the raman spectros-
copy results. The analysis work 
within the project enables consist-

ent evaluation of the actual microplastic emissions in indus-
trial wastewater.

2.   Production-integrated strategies 
The aim of the project is not only to record industrial micro-
plastic emissions, but also –more specifically – to prevent 
them. The name EmiStop (from EmissionsStop) is intended to 
emphasise this.
When analysing wastewater samples, the respective industrial 
companies are always included. Together, locations will be iden-
tified where the microplastic enters the wastewater. Inspections 
will be carried out as to whether the entry can be prevented. If 
this is not possible, the microplastic must be removed from the 
wastewater by technical means. Wastewater technology offers 

Tiny plastic particles and synthetic fibres are produced as residual material within a wide 
range of industries and enter the wastewater stream
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many different processes for removing microparticles. More 
specifically, this includes sedimentation and flotation processes 
in addition to various filtration processes. This is why initial 
assessments will be carried out to determine how well the 
individual processes remove microplastic from wastewater.

3. Technological development 
3.1 Innovative tracer test
In a bid to obtain a mechanistic understanding of the behav-
iour and retention of microplastic in technical processes from 
wastewater purification, an innovative tracer test with mag-
netic model particles is being developed, which will feature 
the same significant properties as the plastic. The tracer test 
is best suited to microparticles and nanoparticles, which until 
recently have been difficult to capture analytically due to 
their small size and absolute mass. The tracer particles will 
be added to the wastewater in realistic concentrations before 
flowing through a technical wastewater treatment plant. An 
analysis will then be carried out to see how many tracer 
particles remain in the treated water. This is possible on a 
laboratory or pilot scale, as well as on a large technical scale. 
The tracer particles can be quickly concentrated from large 
volume streams with the help of magnetic separators, allow-
ing a complete life cycle assessment (inflow stream, outflow 
stream and residual materials, if necessary) to take place. 
This is a decisive criterion for microplastic assessments. If a 
great deal of damage is potentially caused by very small 
particles, then wastewater does not contain many individual 
particles on the whole. It is common to find anywhere 
between 100 and 10,000 particles per cubic metre in waste-
water and 1 to 5 particles per cubic metre in bodies of water. 
Following the concentration process, the tracer particles can 
be quickly and reliably quantified by their magnetic suscep-
tibility. The tracer test should make the different technical 
processes for removing microplastic comparable in the 
long term.
In addition, the innovative particles must be synthesised, 
feature magnetic entrapments, and have the same properties 
of plastic. This will initially be realised by coating a magnetic 
core with polystyrene. The synthesis will take place according 
to a multi-stage, “bottom-up” process, probably in the form 
of several emulsion and suspension polymerisation processes. 
This will involve small polystyrene cores being manufactured 
in the first instance before being loaded with hydrophobic, 
iron oxide nanoparticles that are as magnetic as possible. 
These first tracer particles will be spherical with diameters 
of a few hundred nanometres up to a few micrometres. In 

the following synthesis stages, these magnetic polystyrene 
spheres will be gradually expanded. Later in the project, 
particles with elongated forms, similar to synthetic fibres, 
could be manufactured. Options to reduce the density of the 
magnetic particles have also been considered to achieve a 
similar sedimentation behaviour to real microplastic. “Top-
down” processes offer a promising strategy to manufacture 
these types of particles. In this case, particulate structures 
will not be manufactured from chemical components, but by 
a controlled reduction of larger objects from the 
desired material.

3.2 Technical procedure
As part of this project, the removal of microplastic by sedimen-
tation processes, dissolved-air and electroflotation and different 
types of filtration (belt filtration, sand filtration, microfiltration, 
ultrafiltration) will be measured. As the first tracer particles 
are just a few micrometres in size, the results of this tracer test 
are highly relevant in this critical size range. These small par-
ticles have a very large surface area in relation to their volume, 
which could increase potential harmful effects on the aquatic 
environment and human health.
Based on the results, optimisation trials should be carried 
out. Through targeted changes in terms of stream manage-
ment, the removal of residual material, and even the convey-
ing technology used, the process techniques should be opti-
mised individually with regard to microplastic removal. In 
terms of flotation, the generation and introduction of fine 
air bubbles is a starting point for constructive optimisation. 
This takes place by means of dissolved-air flotation using 
whitewater, a water flow that has been mixed with air under 
pressure. This degases with the expansion of the water in 
the form of very small bubbles. Its ascent rate is so low that 
an entire “bubble carpet” rises up and pushes particles to 
the surface. The same applies to electroflotation. In this 
process, the small bubbles are generated through an elec-
trochemical separation of water into hydrogen and oxygen, 
which in turn cause the very small bubbles to rise. Depending 
on the surface properties, different gases and bubbles may 
or may not encourage the buoyancy of particles.

3.3 Development of flocculants 
The separation limit for the removal of particles by pore size 
has been stated for filtration processes (Figure 1). Thanks to 
the creation of filter cake and partly through changes in 
filtration speeds, the separation limit can be changed for 
smaller particles. This is why only ultrafiltration can be 
classed as an absolute barrier to microplastic. Smaller pore 
sizes lead to higher filtration pressures and increasing oper-
ating costs. This is why flocculants will be developed as part 
of the project. These bind the microplastic particles in waste-
water in larger flocs and enable the filtration process to take 
place with larger pore sizes.
The umbrella term “flocculation” includes the mechanisms 
of flocculation and coagulation. The flocculation process 
involves long-chain polymers being added to water, which 

Figure 1: The separation limit for the removal of particles by 
pore size has been stated for filtration processes
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should create bonds between the microplastic particles. For 
each type of plastic, suitable polymers must be found and 
their effect on the plastic surfaces assessed. Alternatively, 
flocs that capture microplastic particles can be formed by 
means of precipitation coagulation. The aim here is to dis-
cover how different types of plastic can be incorporated into 

the flocs and at which microplastic concentrations this is 
possible. 
In the current flocculation tests, starting with ten different 
types of plastic, the subjects of evaluation are both the floc 
formation in different wastewater matrices and the separa-
tion properties of the flocculated plastic. Initial results show 

The University of Stuttgart is an equal opportunity employer. Applications from women are strongly encouraged. Severely challenged persons will be given preference in 

case of equal qualifications.

Tenure-Track-Professorship (W1) in Water Resources and Hydrochemistry
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The focus in research and teaching is on chemical water quality and water resources. The position involves teaching on this subject area 
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„Technical Environmental Biology and Ecosystem Assessment“, on the innovative use and improvement of analytics related to active 
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micropollutants) are to be developed and optimized on a laboratory and pilot plant scale. For this purpose, the water-chemical basics of 
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that a combination of the developed flocculants ECAS CO 
9001 and ECAS FLA 9822 satisfactorily flocculate the plastic 
types PVC, PA and PE. Targeted further development of spe-
cific flocculants is necessary to securely bond microplastic 
by means of flocculation.

4. Framework conditions to prevent microplastic 
emissions
In a final step, the framework conditions for preventing micro-
plastic emissions will be examined. In addition to technical 
aspects, the acceptance of staff from industrial companies 
is required for this measure. This is because it is important 
to clarify under what conditions their willingness to cover 
additional costs exists if it “only” serves to prevent micro-
plastic emissions.

5. Summary
The EmiStop project will show a consistent picture of micro-
plastic emissions in wastewater from different industrial 
sectors. In doing so, it will be possible to identify industries 

that emit high levels of microplastic and the greatest poten-
tial for preventing these emissions shown. By using the new 
tracer test, it can be shown which wastewater treatment 
plants already remove a lot of microplastic from wastewater 
– and where there is still potential to optimise this. Thanks 
to the optimisation work involved in the project, a portfolio 
of possible measures to prevent microplastic emissions can 
be collated. This may range from the cost-effective dosage 
of flocculants to new wastewater treatment plants. 

Author: 
Dr. Eva Gilbert
Forschung & Entwicklung
EnviroChemie GmbH
In den Leppsteinswiesen 9
64380 Rossdorf, Germany
Phone: +49 6154 6998 57
Eva.Gilbert@envirochemie.com
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IWW Water Centre

Reduction of x-ray contrast media in the river Ruhr
The pilot project MERK´MAL

Organic micropollutants are an increasing challenge for the 
water cycle, in particular in densely populated areas, where 
water sources are heavily used. The river Ruhr is crossing the 
densely populated Ruhr-area in North-Rhine-Westphalia, and 
is also used for drinking water supply. To supply more than five 
million inhabitants with clean drinking water creates various 
challenges. One of these challenges are medical substances 
such as x-ray contrast media (XRC).
XRC are man-made substances that are necessary for specific x-ray 
examinations. They leave the human body by urinary excretion 
within 24 hours after application and therefore enter the water 
cycle. Conventional waste water treatment technology does not 
completely remove XRC, because they are very stable and difficult 
to degrade biologically. Consequently they reach the surface 
waters, and the concentrations of XRC in the river Ruhr increase 
from the source to the confluence with the river Rhine. According 
to current scientific knowledge, XRC do not cause any damage to 
human health or to the environment. They are non-toxic and don’t 
accumulate in the human body. However, they end up in the water 
cycle and therefore finally also in our drinking water and food. 
Hence, XRC will continue to spread into our environment if we do 
not take concrete countermeasures.
That is why the pilot project MERK’MAL was brought to life. Led 
by IWW Water Centre and co-initiated by the water supplier RWW, 
the project aimed to reduce emission of XRC into the river Ruhr. 
During four months, the four largest institutions that use XRC in 
the city of Mülheim an der Ruhr handed out urine bags to their 
patients. The patients were asked to use these bags for the first 
24 hours after medical examination. The bags contain an absorbent 
material that fixes the urine and enables disposal by domestic 

waste. That way the XRC were kept out of the water cycle. The 
project team collaborated closely with the medical organisations 
to improve the concept and adapt it to their daily practice.

Regional roll out
The success of the project was measured with the help of feedback 
forms and telephone interviews with patients on a random sample 
basis. Also, water samples were taken and analysed in cooperation 
with the city of Mülheim, the regional water board Ruhrverband 
and the IUTA institute. The patient survey showed that 87% of the 
patients actually used the urine bags, and for some XRC a signifi-
cant decline of their concentration in the waste water could be 
detected.
The amount of XRC that could be held back by the MERK’MAL 
concept are quite impressive – in Mülheim alone several hundred 
kilograms each year. Projected onto the entire catchment area of 
the river Ruhr that would be about four tons of XRC every year. If 
the MERK’MAL concept were implemented in the whole region, 
the concentration of XRC in the Ruhr could be reduced by 50%.
Encouraged by the results, the project team already plans a region-
al roll out for the project that aims to reduce XRC in the core 
catchment area of the Ruhr. The project was funded by the German 
Federal Environmental Foundation (DBU).

Contact: 
IWW Rheinisch-Westfälisches Institut für Wasserforschung gGmbH 
45476 Mülheim an der Ruhr, Germany
www.iww-online.de
Lisa Zimmermann 
l.zimmermann@iww-online.de

The river Ruhr is crossing the 
densely populated Ruhr-area in 
North-Rhine-Westphalia, and is 
also used for drinking water supply
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The Water Youth Network

Meet the next water generation!
The Water Youth Network (WYN) is an all-volunteer nonprofit organization registered in The Netherlands 
that acts as a global connector in the water sector. WYN is made up of people from 18 to 35 years old 
across disciplines, meaning that there are scientists, engineers, consultants, students, managers, commu-
nication specialists, artists, and more. Although WYN is registered in The Netherlands, its members are 
located worldwide, including every continent of the globe. “Except Antarctica,” says Veronica Diaz Sosa, 
Vice President of the WYN, “but maybe we’ll be there someday too!”

WYN is dedicated to connecting youth with youth, youth organi-
zations, and other water sector actors and institutions to pro-
mote youth inclusion and meaningful engagement in the deci-
sion-making processes in the water sector. It is not an imple-
mentation organization, nor a fund. “We do not compete with 
other youth organizations, but rather enable collaboration and 
connection of young individuals and organizations within and 
beyond the water sector,” explains Diaz Sosa.

A little history
WYN was conceived during the 6th World Water Forum in 2012 
in Marseille, France, when a small group of young individuals 

that attended the forum kept on the conversation on how to 
give continuity and strength to the individual and joint actions 
that each one of them was conducting. The WYN was registered 
as an organization with less than 10 members at the time. 
Over the years the WYN has grown significantly. “After more 
than 5 years of work, we have over 150 members around the 
world, and our reach via social media and web communication 
goes beyond 5000 users,” says WYN Vice President Diaz Sosa. 
The internal structure is led by an Advisory Board of 5 people, 
providing strategic guidance and support toward the achieve-
ment of the WYN mission. The membership is organized into 
support working groups and thematic working groups. Support 

Water Youth Network President, Shabana Abbas and research institute Deltares Director Climate Adaptation & Risk Management, 
Cees van der Guchte, signed a Memorandum of Understanding at the World Water Forum in Brasilia on 20 March 
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WYN impact  

u  6th World Water Forum (2012-France): 
 ■ WYN conception

u 7th World Water Forum (2015-South Korea): 
 ■ WYN participation with a team of more than 20 people
 ■ 5 sessions organized in the preparatory workshop and 

2 sessions in the Future Leaders Forum
 ■ Organization of 2 side events
 ■ Release of a Citizen’s newsletter (3 issues) during the 

event
 ■ Co-hosting a booth at the Citizen’s forum

u 8th World Water Forum (2018-Brazil): 
 ■ WYN participation with a team of 25 people
 ■ WYN members as panelists and/or moderators of 20 sessions
 ■ Organization of 4 side events
 ■ Signature of a Memorandum of Understanding with Deltares, 

research institute
 ■ Hosting a booth at the Citizens Villa for youth involvement.
 ■ We were part of the first Youth Forum at a World Water 

Forum, organized together with other youth organizations.
 ■ Organization of 9 satellite events in 9 different countries 

around the world previous to the forum

groups help improve internal and externally facing components 
of the network and ensure the continuity of the organization. 
The four thematic groups initiate and conduct projects according 
to the following four water-related themes: 

 ■ Disaster Risk Reduction
 ■ Integrated Water Resources Management
 ■ Water Governance and Policy
 ■ Water, Sanitation and Hygiene

As years go by, participation of the WYN in many international 
and regional water events around the world gets stronger and 
more meaningful. “Individuals, organizations and governments 
now know of our work. It is visible that our network keeps on 
growing, and our actions reflect it,” says Diaz Sosa. Each year, the 
WYN is present in the Stockholm International Water Week, 
Amsterdam International Water Week, and the World Water Forum. 
The World Water Forum is a major event that takes place every 3 
years, and WYN's involvement in the event is a good indicator of 
the organization's growth and impact over time (see WYN impact).

What’s next?
The WYN continues to grow and refine the way its members 
collaborate with and advocate for youth in the water sector. 
WYN has partnerships with important institutions such as IHE 
Delft, Deltares, Global Water Partnership, Asian Development 
Bank, and more. Diaz Sosa says: “We are a Global Focal Point 
for SDG 6 and Disaster Risk Reduction for the UN Major Group 
for Children and Youth. There are many interesting projects and 
strategic partnerships we will be working on, so if you are 
interested in getting involved as a member or as a partner 
institution, join us!”

Contact:
e-mail: info@wateryouthnetwork.org 
Webpage: www.wateryouthnetwork.org
Social Media: www.facebook.com/wateryouthnetwork/ 
Twitter and Instagram: @WaterYouthNet

WYN members at the Mexican Embassy in Brazil, where they held a strategic meeting before the World Water Forum 8
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TU Graz and University of Graz 

Combating sulphuric acid corrosion at wastewater 
plants
Writing in Water Research, Austrian researchers discuss new materials that prevent damage from microbial 
induced concrete corrosion.

Wastewater systems are integral to infrastructure in every com-
munity. In an ideal world, they operate smoothly and are long-
lasting. But biogenic transformation processes in sewage and 
water treatment systems are a “natural enemy” of conventional 
plants, frequently causing damage to concrete and metal elements 
that is expensive to repair. As a result, it is not uncommon for 
wastewater systems to have a lifespan of under ten years, before 
they need to be refurbished or individual components replaced. 
Toxic gases released during biogenic processes, such as hydrogen 
sulphide, also pose a significant health risk, causing a range of 
symptoms from irritation to respiratory failure and death.
Writing in the journal Water Research, an interdisciplinary group 
of researchers from TU Graz and the University of Graz has outlined 
strategies aimed at preventing what is termed microbial induced 
concrete corrosion (MICC). The research team comprises two TU 
Graz staff members – Cyrill Grengg of the Institute of Applied 
Geosciences and Florian Mittermayr of the Institute of Technology 
and Testing of Construction Materials – as well as Günther 
Koraimann of the University of Graz’s Institute of Molecular 
Biosciences. 

Microbial induced concrete corrosion:  
turning a blind eye is not the answer
Cyrill Grengg of the Institute of Applied Geosciences at TU Graz 
explained: “MICC often corrodes the conventional types of concrete 
used in wastewater treatment plants at a rate of a centimetre or 
more per year. Accordingly, the concrete elements can be destroyed 
in a matter of only a few years, causing significant damage to 
wastewater systems.” According to the researchers, there is often 
a lack of awareness of these processes and the resulting threat 
to wastewater infrastructure and human health. “Closing the 
manhole covers and looking the other way is not the answer,” 
Grengg added. In Germany alone, the economic impact of waste-
water system repairs is put at around EUR 450 million per year. 
Although no data are currently available for Austria, the costs can 
be extrapolated and also applied to other European countries.
Microbial induced acid corrosion (MICC) in wastewater treatment 
facilities results from a sequence of biogenic sulphate reduction 
reactions, followed by reoxidation. Initially, sulphate in pressure 
pipelines or standing wastewater is reduced by bacteria under 
anaerobic – or oxygen-free – conditions, forming hydrogen sulphide. 
This pungent, highly poisonous gas escapes into the sewer air and 
diffuses into sewer pipes and manholes. There reoxidation by 
autotrophic bacteria takes place on concrete walls that do not 
even come into contact with wastewater. These microorganisms 
produce sulphuric acid which reacts with concrete construction 
elements. As Günther Koraimann of the Institute of Molecular 
Biosciences at the University of Graz, who has studied these pro-
cesses in detail, explains: “This leads to the vigorous formation of 
a biofilm on the surface of the concrete, a reduction of the pH 
value to below two, in other words highly acidic, and extensive 
formation of new minerals, mainly in the form of gypsum. The 
combination of these processes results in the rapid destruction 
of the concrete.” 

Working on a holistic solution
The Graz-based scientists worked on a holistic solution using an 
interdisciplinary research approach. In-depth research into the 
microstructural and microbiological processes was followed by 
the development of new MICC-resistant materials in close collabo-
ration with the Institute of Construction and Building Materials 
at TU Darmstadt, Germany. In this context, geopolymer concrete 
proved to be particularly well suited to withstand acid corrosion. 
When developing this building material, resistance to acid was an 
extremely desirable property, as were highly antibacteriostatic 
surfaces, on which the research team made significant advances 
– microorganisms that trigger the initial oxidation process are 

Microbial induced concrete corrosion (MICC) causes massive 
damage to wastewater plants. Researchers from Graz present a 
new solution against the sulphuric acid attack   
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unable to settle on such surfaces in the first place. In turn, this 
prevents the formation of sulphuric acid. Florian Mittermayr of the 
Institute of Technology and Testing of Construction Materials at 
TU Graz commented: “We achieved some very promising results 
with materials that have a far greater lifespan than conventional 
types of concrete. Use of these long-lasting materials would allow 
operators to refurbish damaged wastewater systems, significantly 
extending their service life and reducing the financial burden on 
local government and wastewater associations.” The researchers 
published their latest findings on MICC prevention in the journal 
Water Research 134 (2018) 341 - 352: “Advances in concrete materi-
als for sewer systems affected by microbial induced concrete 
corrosion: A review.”
The province of Styria provided financial backing for the research 
and is dedicated to raising awareness of this global problem among 
Styrian local authorities and regional wastewater associations. 

Further information:
https://www.journals.elsevier.com/water-research/ 
https://www.tugraz.at
https://www.uni-graz.at/

Contact 
Dr. Cyrill Grengg
Institute of Applied Geosciences | TU Graz 
Rechbauerstrasse 12, 8010 Graz, Austria
Phone: +43 316 873 6366
cyrill.grengg@tugraz.at

Dr. Florian Mittermayr
Institute of Technology and Testing of Construction Materials | 
TU Graz 
Inffeldgasse 24, 8010 Graz, Austria
Phone: +43 316 873 7159
f.mittermayr@tugraz.at

Associate Professor Dr. Günther Koraimann
Institute of Molecular Biosciences | University of Graz
Humboldtstrasse 50, 8010 Graz, Austria
Phone: +43 316 380 5626
guenther.koraimann@uni-graz.at

In field tests, researchers from TU Graz and Graz University investigated the damage caused by microbial induced concrete corrosion   
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Antibiotic resistance can be caused by small amounts 
of antibiotics
Antibiotic-resistant bacteria are a global and growing problem in health care. To be able to prevent fur-
ther development of resistance developing, it is important to understand where and how antibiotic resist-
ance in bacteria arises. New research from Uppsala University shows that low concentrations of antibiot-
ics, too, can cause high antibiotic resistance to develop in bacteria.

In the present study in question, published in Nature Commu-
nications, the researchers have investigated how prolonged 
exposure to low levels of antibiotics contributes to the develop-
ment of bacterial antibiotic resistance. During a course of anti-
biotics, a high proportion of the antibiotic dose is excreted in 
the urine in unchanged, active form, and can then spread into 
watercourses, lakes and soil in the wastewater. Consequently, 
these environments may contain low levels of antibiotics. In 
some parts of the world, large quantities of antibiotics are used 
in meat production and aquaculture, where small doses of anti-
biotics are added to the animal feed to make the animals grow 
faster. This means that the bacteria in their intestines are 
exposed to low levels of antibiotics over long periods and these 
bacteria can then, in turn, infect people via food, for example.
In the paper, the researchers show that low concentrations of 
antibiotics, too, play a major part in the development of resist-
ance. The study showed that, over time, bacteria exposed to 
low doses of antibiotics developed resistance to antibiotic levels 
that were more than a thousand times higher than the initial 
level to which the bacteria were subjected. It was also found 
that the mutations in the bacterial DNA that cause resistance 
are of a different type than if they have been exposed to high 
doses. During the experiment, the bacteria eventually acquired 
several mutations. Each of these yielded low resistance, but 
together they brought about very high resistance. In addition, 

the mutations took place mainly in genes that have not previ-
ously been regarded as typical resistance genes, suggesting 
that the number of genes capable of promoting development 
of resistance has been greatly underestimated.
“The results are interesting because they show that the very 
low antibiotic concentrations present in many environments, 
too, can lead to a high degree of resistance and contribute to 
the problem of resistance,” says Professor Dan I. Andersson, 
who headed the study.
The research has been funded by the Swedish Research 
Council.

Contact 
Dan Andersson
Department of Medical Biochemistry and Microbiology
Uppsala University, 75237, Uppsala, Sweden
Phone: +46 18–471 4175
Dan.Andersson@imbim.uu.se

Original publication:
Evolution of high-level resistance during low-level antibiotic 
exposure, Nature Communications, 
DOI: 10.1038/s41467-018-04059-1
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Brcko District Municipal Project – 
a Feasibility Study 

Sachsen Wasser GmbH was contracted to prepare a compre-
hensive feasibility study for Brcko District and the water 
utility JP Komunalno Brcko, which provide not only water and 
sanitation services to the inhabitants but also is responsible 
for energy supply and waste management in the district. The 
project was funded by European Bank for Reconstruction and 
Development, EBRD (Contract value 245.200 EUR). 
The target of the study was to determine a Priority Invest-
ment Programme (PIP) of nearly 12 Mill Euro, developed from 
a long-term investment strategy, and evaluate its benefits, 
including assessing its environmental and social feasibility. 
Therefore, Sachsen Wasser with its national partners and 
sub-consultants identified projects that will sensibly lead to 
further improvements in water supply and sewerage systems 
in Brcko and lead to sustainable and efficient provision of 
those services.
The project started in spring 2017. In the first phase, the cli-
ent’s status quo situation was analyzed. Based on the data 
collected, the investment measures necessary to strengthen 
the drinking water supply and wastewater treatment were 

identified. Considering financial, technical and ecological 
opportunities and risks, a long-term investment plan was 
drawn up and an implementation strategy was developed.
The feasibility study was elaborated in close cooperation 
with the stakeholders and the EBRD and will serve as a basis 

Sava river and reservoir for fire protection and raw water reserve in Brcko

SCADA System for Water Treatment plant and Distribution sys-
tem in Brcko
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for a project evaluation by EBRD to appraise the project and 
take a decision on the prospective financing. The project 
ended successfully in autumn 2017.
The Balkans have been a focal region of the Sachsen Wasser 
for 17 years. The company has further project competences 
in Albania, Kosovo, Macedonia, Montenegro, Romania and 
Serbia. The company has successfully established itself in 

the international service sector. In 140 projects, the Leipzig 
experts provided the know-how of modern, efficient and 
sustainable water management to public and private clients 
in 40 countries.

Further information:
www.sachsenwasser.com

water treat-
ment plant

The individual tasks included: 

Baseline study:
 ■ Socio-economic data assessment
 ■ Presentation of an overview of consumption behaviour
 ■ Tariff setting and subsidy payment policy
 ■ Analysis of Affordability for water and wastewater  services
 ■ Resilience to climate change analysis

Technical assessment:
 ■ Technical assessment for water service: supply,  treatment and 

distribution
 ■ Technical assessment for wastewater service: collection, treat-

ment and sludge use

Long Term Investment Strategy (LTIS):
 ■ Revision and suggestions to the service objectives, standards 

and policies
 ■ Development of a long-term investment strategy

Priority Investment Programme (PIP):
 ■ Elaboration and application of an Multi-Criteria- Decision-Matrix 

to select most appropriate projects
 ■ Elaboration, present and justify the PIP to local government 

and stakeholders as well as EBRD
 ■ Detailed programme description and cost estimates for each 

sub-component

 ■ Development of a procurement and implementation 
 strategy

 ■ Preparation of a project risk matrix and project institu-
tional plan

Financial analysis and financial model:
 ■ Review and structure of financial model
 ■ Calculate and discuss sensitivity and affordability  analysis
 ■ Elaboration of income statement, balance sheet and cash 

flow statement
 ■ Estimating the financial “IRR” and “EIRR”

Environmental and Social Assessment (ESA):
 ■ Review of available data and site visit to develop the 

Environmental and Social Assessment Audit (ESAA)
 ■ Development and negotiation of Stakeholder Engagement 

Plan (SEP)
 ■ Elaboration of Non-Technical Report (NTP)
 ■ Development of the Land Acquisition Framework (LAF)

Resource efficiency assessment:
 ■ Raw materials efficiency
 ■ Water efficiency
 ■ Energy efficiency
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Water Security in Central Asia: 
an overview 
Stefanos Xenarios, Ronan Shenhav, Iskandar Abdullaev, Alberto Mastellari

Transboundary Water Resources, Water Resources Management, Water Governance, Climate Change, Central Asia 

This article deals with the notion of water security in Central Asia perceived through governance, administra-
tive and geophysical perspectives by identifying the major challenges to be overcome for improved water 
resources management in the region. It is a summary of the Chapter ‘’Xenarios S., Shenhav R., Abdullaev I., 
Mastellari A. (2018) Current and Future Challenges of Water Security in Central Asia. In: World Water Council 
(eds) Global Water Security. Water Resources Development and Management. Springer, Singapore, https://
link.springer.com/chapter/10.1007/978-981-10-7913-9_5‘’.

Introduction 
Central Asia (CA) is one of the few regions in the world 
where water security is inextricably linked with energy, 
food, and the environment. A vast network of rivers 
flows into the Amu Darya and Syr Darya rivers, the two 
main water bodies of CA, which cross the entire region 
before emptying into the Aral Sea. The upstream coun-
tries of Tajikistan and Kyrgyzstan host the mountain 
ranges of Karakoram, Pamir, and Tien Shan, called the 
‘’water towers’’ of CA which accommodate some of the 
largest glaciers in the world outside of the polar regions 
[1]. The downstream countries of Turkmenistan, Uzbeki-
stan, and Kazakhstan are situated on large plains, which 
have been mainly converted to extensive irrigated lands 
while they are also endowed with abundant hydrocar-
bon (coal, oil, and gas) resources [2]. 

Water Security during Soviet era
All CA countries share a common past in the Soviet 
Union, during which water security was understood as 
a multidimensional factor dependent on energy, agri-
cultural and environmental aspects [3]. In the Soviet 
era, the water-rich upstream countries provided water 
for irrigation to downstream countries in spring and 
summer. In exchange, they were supplied with coal, oil 
and gas for heating and electricity in the winter months. 
Upstream countries also received staple crops and other 
agricultural and industrial products. 
In the early 1960s, agricultural mechanisation took place 
in the entire region, leading to intensified irrigation 
systems. Irrigated farming was strongly prioritised to 
cover the needs of the highly water-demanding cotton 

crops through the construction of numerous reservoirs, 
extensive water supply and drainage networks, and 
large pumping stations. However, the agricultural inten-
sification came with a heavy price on freshwater 
resources: the unsustainable irrigation practices have 
drained more than 90% of the Aral Sea by resulting in 
one of the most severe human-induced environmental 
disasters. 

Challenges of post-Soviet period
After the five CA republics gained independence in 1991, 
the centrally planned water and energy management 
systems from Soviet era had to be substantially 
reshaped towards market-oriented approaches. Energy 
allocation between the countries became a source of 
conflict due to the price differences between upstream 
hydro-energy and downstream fuel-produced energy. 
This has led to deteriorating relations between the 
countries, highlighting the regional resource 
imbalance. 
The transition from Soviet republics to state sovereignty 
in CA has involved a shift from regional to national 
policy on natural resources, with major effects for water 
security. The five countries were initially bound together 
‘‘by history, by culture and geography, but also because 
of decisions made during the Soviet period’’ [4]. How-
ever, the regime change which followed the breakup of 
the Soviet Union led to the need to securitise water 
sources at the national level, mainly resulting from the 
need to securitise the national economies of the new 
states. 
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Climate change affects water resources 
management
The concern on water resources management and secu-
rity in Central Asia has been increased with the climate 
variability and change. Studies strongly indicate that 
global warming will heavily affect water security in CA 
[5]. The region’s glaciers have been melting more quickly 
in recent decades: 20% of the glacial ice cover in the 
Aral Sea basin was lost between 1957 and 1980; decreas-
ing by 10% in the last 50 years [6, 7]. However, the exact 
effects of these developments for the region’s water 
resources are to be debated. 

Transforming the water sector in CA
The water sector in the CA countries has undergone 
serious transformations, and major reforms are still 
taking place. Many researchers have observed these 
changes through the prism of standard international 
processes such as irrigation management transfer and 
participatory irrigation management [8]. However, most 
of these perspectives were short-lived, since the tra-
jectory of water sector transformations in CA has 
focused on strengthening the role of the state in day-
to-day water management.
At present, there are several on-going efforts to trans-
form the water sector in CA with different success rate 
in each case. Indicatively, attempts have been made to 
‘’export’’ experiences of water management from other 
regions with similar features to CA [9]. Although some 

initiatives have been well adopted, in other instances 
the water sector reforms in CA seem to be mainly 
endogenous. Also, the concept of the water-energy-food 
nexus has recently been introduced in CA as a paradigm 
to address the major challenges of water security and 
management. However, it is feared that out-dated infra-
structure in all sectors (irrigation, energy, and food 
processing) may create greater problems rather than 
bringing benefits from intersectoral cooperation. 
Water resources governance and management in a 
transboundary context are key elements of regional 
stability and security for CA. Over the 25 years of the 
post-Soviet period, water issues have been transformed 
from a techno-economic perspective to a socio-political 
approach. Institutional structures for joint allocation of 
common water resources were established as early as 
1992, including the Interstate Commission for Water 
Coordination, the Interstate Council for the Aral Sea 
Basin, and the International Fund to Save the Aral Sea, 
without however meeting all expectations. 

Outlook
The current state of water affairs in the region seems 
to be leaning more towards the coordination of five 
water national policies and less towards regional coop-
eration over water governance and management. The 
notion of water security emphasised by all CA countries 
since 2015 has been one in which effective and prag-
matic solutions are sought [10]. Efforts to promote more 

Riverbed in a steppe near Shymkent, South Kazakhstan
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regional transboundary cooperation by creating a single 
water policy for CA may not be that fruitful on the short 
term. Instead, the main focus for regional cooperation 
in CA may shift to strengthening efforts in coordinating 
different water policies of the five countries towards 
mutual goals. 
Water security in CA is undeniably a multidimensional 
concept — perceived differently by each country. Diverse 
priorities and objectives for water use management at 
the national level may undermine water security in the 
region through excessive demands and unilateral ini-
tiatives. The new government in Uzbekistan has brought 
a progressive policy dialogue with all its neighbours on 
water resources management since 2017, offering hope 
for a compromise between upstream energy needs and 
downstream agricultural and food demands. There have 
also been attempts to enhance the regionalisation of 
infrastructure, trade, and services among the five coun-
tries and promote cohesive economic development. The 
political-economic approach that is currently being fol-
lowed for water management and security in CA is 
greatly affected by the surrounding economic develop-
ments in the region. The common desire of all five coun-
tries to promote economic welfare and growth on the 
national level, will more than likely also benefit future 
water security and planning on a regional level. 

Check the references:

 www.water-solutions.info
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Integrated Water Resources 
Management in the Zayandeh 
Rud catchment, Iran
Lena Horlemann, Ali Asghar Besalatpour, Gesine Götz, Philipp Grundmann, Jörn Heppeler, 
Judy Libra, Tobias Sören Hinz, Wolf Raber, Ulf Tscherner, Steffen Vogler

Integrated Water Resources Management, Zayandeh Rud catchment, capacity development, agricultural trans-
formation, water consumption, wastewater treatment

The Zayandeh Rud catchment in Central Iran faces serious challenges with regards to water quality and quan-
tity, resulting from both climate change and poor water management. Based on the conviction that only a 
holistic approach is applicable in overcoming conflicts of interest with regards to water use, a German-Irani-
an joint project was set up to develop technical and non-technical solutions. These range from participatory 
strategy development for the agricultural sector to the introduction of new technology at wastewater treat-
ment plants. All project activities include measures for capacity development which are considered vital for 
sustainable water management and will materialize in a new German-Iranian training center. A water manage-
ment tool has been developed for supporting decision-makers.

1.  The Zayandeh Rud Catchment – reasons 
for IWRM

The catchment of the Zayandeh Rud (Farsi for “the 
life-giving river”), is the most important water body 
in Central Iran (Figure 1), and one of the most diverse 

regions in the country: from the snow-covered Zagros 
Mountains, through wide floodplains and desert 
regions to the Gavkhuni wetland, the catchment is a 
special habitat. For centuries the river has attracted 
people, yet during the last 60 years the population in 
the catchment has grown from less than a million to 
almost four million. They all need sufficient drinking 
water supply. More than 1 million people live from the 
land, producing wheat and other staple food. The agri-
cultural sector is the biggest water user and irrigation 
technologies are mostly out-dated and inefficient. 
Important steel, oil and cement industries have settled 
along the river, which along with numerous smaller 
enterprises employ more than 300,000 people. With a 
growing industrial sector, water demand for industrial 
processes is also rising.
The steady growth of the region, coupled with the onset 
of climate change, have taken their respective tolls, 
leading to increasing water management challenges [1]. 
The Zayandeh Rud river basin is experiencing a serious 
water crisis reflected by drying rivers and wetlands, 
declining groundwater resources, land subsidence, dete-
riorating water quality, agricultural losses and ecosys-
tem damage. Temperatures have been rising constantly, 
while annual rainfall has been declining, leading to the 
seasonal drying-up of the Zayandeh Rud River and the Figure 1: Location of the Zayandeh Rud river basin
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complete desiccation of Gav Khuni, a wetland recognized 
by the UN Ramsar Convention. As the gap between 
water availability and water demand grows, the differ-
ent water users increasingly compete for the scarce 
resource. 
Growing awareness of the water resources limitations 
in the Zayandeh Rud basin, its role for sustainable 
development and escalating social tensions have aug-
mented the necessity for a shift towards a holistic and 
sustainable management approach. The concept of 
Integrated Water Resource Management (IWRM), 
established in 1992 as an international guiding princi-
ple within the framework of the Dublin Principles and 
Agenda 21, is based on sustainable, quantitative and 
qualitative, demand-oriented management of water 
and its related resources. It was adopted by the Iranian 
government as a guiding principle for managing the 
country’s water resources and an approach for harmo-
nizing the different water users’ interests. 

2.   Joining forces – the IWRM Zayandeh Rud 
project 

Based on the conviction that the circumstances require 
new thinking, innovative technologies but most of all 
joint action, the IWRM Zayandeh Rud project was cre-
ated together with German water management experts. 
For this project, skills and capacities of all water using 
sectors (drinking water, agriculture, industry and the 
environment) of both countries were bundled together 
to develop sustainable water management along the 
river. Since 2010, Iranian and German experts have been 
developing ideas, products and models that are sup-
posed to serve officials as a basis for improved deci-

sion-making and to provide urban dwellers, farmers and 
companies with options for more efficient water use. 
The German consortium involves 7 scientific institutes 
and companies; the Iranian consortium involves 15 gov-
ernmental bodies, research and consulting institutions. 
The project has been funded by the German Federal 
Ministry of Education and Research (BMBF) within its 
IWRM funding priority. 
Acknowledging that there is no universal IWRM blue-
print, the first project phase concentrated on creating 
a locally adjusted IWRM concept for the catchment that 
was accepted by all stakeholders. To be able to develop 
suitable management approaches and choose the 
appropriate technologies it was also necessary to get 
to know the catchment, its main stakeholders and insti-
tutions with their respective interests and to collect 
the necessary data. The second project phase has been 
focusing on the development and implementation of 
pilot projects that reflect the IWRM approach for the 
catchment in addressing all relevant sectors, intertwin-
ing and complementing each other. A selection of pro-
ject activities is presented in this article.

3.  Developing new approaches for Iran’s 
water management 

3.1. Participation for agricultural transformation
The agricultural sector encounters different chal-
lenges depending on the approaches for addressing 
internal and external problem factors. Focusing on 
the internal factors, efficiency increases are needed 
in terms of water delivery to the agricultural produc-
tion sites and water used in agricultural production 
(Figure 2). Total water consumption in the agricultural 

Figure 2: Maize field with gravity irrigation
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Pilot project: DOFISYS – decreasing water consumption to 50%
Optimization of agricultural water consumption plays a key role 
in management of water resources. Based on this background 
DOFISYS was developed to maximize agricultural water effi-

ciency and avoid nutrient leaching into ground water. It has a 
modular system layout (Figure 4):
Optional Treatment Module 0 can treat local available (waste) 
water and/or just mix fertilizer with fresh water. Monitoring 
Module 1 measures soil conditions (water & nutrients) in differ-
ent levels and sends a demand response to Control Module 2 
which also receives input from Module 0 (nutrient data) and 
the internet (weather forecast). This input is compared with the 
software-based crop demand to steer Irrigation Module 3 which 
secures demand-oriented fertigation considering all local condi-
tions. The irrigation technology is chosen by the farmer.
Based on initial calculations and tests the water demand could 
be reduced to 50% of the previous amounts and fertilizer con-
sumption could be reduced to 70%. All activities have been 
scientifically accompanied by the Iranian partners and com-
municated within the framework of the training center.

sector needs to be reduced to levels that are in line 
with natural water cycles (see Pilot project: 
DOFISYS). This may be associated with a decrease of 
agricultural production and land use in the basin, as 
well as agricultural land use changes.
In relation to the external factors causing water avail-
ability and access problems, water allocation within 
the Zayandeh Rud basin as well as water transfers 
to neighboring basins need to be reconsidered. At 
regional level, water consumption of non-agricultural 
and industrial activities, as well as the growing urban 
population, needs to be aligned with the water 
resources carrying capacity in the basin. Finally, 
causes for diminishing precipitation like climate 

change need to be addressed at a higher level.
A major challenge for the agricultural sector, but also 
for society as a whole, is to deal with positive and 
negative externalities resulting from unsustainable 
water uses and from options to mitigate and adapt 
to decreasing water availability and difficulties in 
accessing water. Material (physical) and social 
requirements need to be aligned for dealing with 
water availability and access problems. This repre-
sents a major challenge for the transformation of the 
agricultural sector, since the interdependencies 
between the physical and social dimensions in the 
natural resource-based sector are manifold and 
complex.
One overarching aim is to achieve the agricultural 
transformation in the Zayandeh Rud basin in a techni-
cally feasible, economically viable, ecologically sound 
and socially acceptable way. In order to meet these 
requirements, two stakeholder workshops were con-
ducted in the frame of the project to identify the 
strategies and activities for the agricultural trans-
formation (Figure 3). A Citizens’ Jury Approach [2] was 
used in the first workshop for identifying priority 
areas of action. The second workshop was conducted 
using a Strategic Pathway Approach [3] to substanti-
ate the activities of agricultural transformation pro-
jects in the previously defined priority areas. An initial 
evaluation of impacts and preconditions using a par-
ticipatory approach was also part of the second work-
shop. The project components prioritized by the stake-
holders during the workshops included: 1) increasing 
the area and production from water-efficient medium 
scale greenhouses (5,000-10,000 m²) in temperate 
regions of the Zayandeh Rud basin, 2) building aqua-

Figure 3: Participants of the workshop in Isfahan 

Figure 4: DOFISYS system layout
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culture ponds, 3) improving the fertility and water 
holding capacity of soils by using biomass (e.g. 
manure, compost etc.), 4) fomenting agricultural pro-
duction cooperatives, 5) improving irrigation manage-
ment activities according to crop water require-
ments, 6) developing value chains based on new crops 
and varieties, 7) reusing urban wastewater in 
agriculture.
The analysis of impacts and preconditions for imple-
menting the project components revealed a need for 
further evaluation of activities and capacity building 
as part of the agricultural transformation in the Zay-
andeh Rud basin. The participatory approaches used 
in the frame of the IWRM Zayandeh Rud Project were 
found to be helpful for identifying and prioritizing 
project components and areas for capacity building 
for the agricultural transformation.

3.2.  Land use measures for combating 
desertification

Climate change and water resources depletion have 
resulted in extreme water shortages and ongoing 
desertification in Roodasht, an arid downstream 
region of the Zayandeh Rud, with 10,000 active farm-
ers highly dependent on agriculture and the Gav Khuni 
wetland as a fragile ecosystem. Drought periods have 
brought the government to rationalize surface water 
supply. As a result, farmers started to overuse local 
groundwater resources, leading to dropping water 
tables and increased salinization of aquifers and soils. 
Consequently, tensions between different water users 
have increased. 
To address these problems, the “Feasible Adaptation 
Strategies for a Sustainable Land Use in the Lower 
Reaches of the Zayandeh Rud River” project was 

launched alongside the IWRM Zayandeh Rud project, 
supervised by Deutsche Gesellschaft für Internation-
ale Zusammenarbeit (GIZ) and funded by the German 
Environmental Ministry (BMUB). The aim of the project 
was to develop a land use concept that helps stake-
holders in preventing or reversing land degradation 
and using water resources efficiently. To ensure 
mutual learning and sustainable implementation, the 
project was conducted in a multi-stage collaborative 
process (Figure 5) with representatives of the rele-
vant sectors (water, agriculture, environment), deci-
sion-makers from provincial and local levels, civil 
society and scientists.
In a first step, an assessment of farmers’ vulnerability 
in Roodasht towards climate change was necessary 
as a baseline study to grasp the situation’s multifac-
eted problems. Interviews with farmers and experts, 
data from the different sectors and a remote sensing 
mission were evaluated using Füssel’s [4] vulnerability 
approach. Different vulnerability factors were clas-
sified: exposure to poor and uncertain water availabil-
ity; low agricultural production, water use and land 
management efficiency; little diversification of prod-
ucts; high risk of pauperization with limited invest-
ment capacities; risk of abandoning agriculture fol-
lowed by migration; inhibited regional entrepreneur-
ship restricting local employment options and mar-
kets; and poor efforts on environmental conservation. 
As a result, the stakeholders involved identified and 
acknowledged the very real risk of further desertifica-
tion and social conflicts.
The vulnerability study [5] provided the basis for the 
second stage of the project, a series of participatory 
workshops with stakeholders that aimed at reaching 
acceptable solutions for all conflict partners, the main 
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requirement for sustainable outcomes. The approach 
was based on the Harvard Negotiation Project [6], which 
is divided into three steps: the creation of a common 
problem perception, the discussion and selection of 
possible problem resolution methods and measures and 
the sketching of an action plan. Measures regarded as 
most suitable where discussed with Iranian experts, 
enriched with international expertise and bundled into 
packages of measures, including reconciling water dis-
tribution at basin level, agricultural management, 
regional management and protection of the Gav Khuni 
wetland (Figure 6).
The Action Plan [7] includes a road map for implementa-
tion over 20 years. As a final project step all documents 
were presented to regional decision-makers by a com-
mittee of different stakeholders, believing in inter-
sectoral collaboration for a progressive development 
of the region.

3.3.   Tools for demand-oriented water 
management

In view of the growing consumption and decreasing avail-
ability of water in many parts of Iran, the Iranian Ministry 
of Energy has increased the focus on consumption man-
agement. With suitable technical and non-technical 
measures, water consumption of households should be 
reduced. Given limited financial resources, the question 
arises as to which measures have the greatest possible 

effect on reducing water consumption. Water consump-
tion patterns vary according to climatic conditions, eco-
nomic and social backgrounds of people as well as sani-
tation facilities. While water supply companies know 
their own infrastructures very well, they have little 
detailed information about the consumption patterns of 
their customers. There is great demand for management 
methods and tools that focus on individual water con-
sumption, as has been successfully applied in Europe.
Therefore, the DEMAPLAN® toolbox developed by inter 3 
was introduced with a conglomerate of services made 
of software tools, technologies and concepts that pro-
vide detailed information, for example, on time and 
form of water consumption, as monthly or diurnal vari-
ations. As such, it provides the necessary database for 
developing a demand-oriented consumption manage-
ment strategy (Figure 7).
The necessary steps for successful implementation were 
discussed with the Iranian partner and the decision to 
proceed in Kashan was taken. Selected employees of 
the Kashan Water and Wastewater Company were 
trained in installing and handling the DEMAPLAN® 
measurement technology. Comprehensive information 
was provided about the measuring procedure to all key 
project personnel and through public media to the cus-
tomer. From August 2014 until March 2015 the water use 
of 53 households was measured and analyzed in three 
steps in different seasons (Figure 8). 

Figure 6: Packages of measures of the Action Plan 

©
 in

te
r 3

 G
m

bH



81| 2 2018WATERS  LUTI  NS

RESEARCH   CAPACITY BUILDING

The investigations revealed a strong dependency of water 
consumption on temperature and an average yearly water 
consumption per person of more than 140 liters per day. 
Water consumption patterns differ from, for example, 
German households in the way that the second largest 
water consumption takes place in the kitchen (in Ger-
many it’s the toilet flush). It also showed that two-person 
households have the highest water consumption with 
the greatest variance. For the development of a water 
management strategy this means that these households 
have the greatest potential for reducing water consump-
tion and should therefore be a main target group. Another 
focus should lie on four-people households. They also 
show great variances of 50-250 liters water consumption 
per person per day and interviews revealed that family 

members’ environmental awareness was the main influ-
ence for saving water. 
These are only a few examples of interpreting DEMAPLAN 
results. Some general recommendations were drawn 
from the pilot project: information campaigns strengthen 
changes in mentality and can lead to reduced water 
consumption. New household structures, resulting from 
a trend towards smaller households, should be taken 
into consideration when (re)designing, implementing and 
optimizing water and wastewater companies’ offers [8].

3.4. Improving industrial wastewater recycling
Water scarcity in the Isfahan region means that even 
industry that ranks third in the list of the govern-
ment’s water supply priorities had to reduce produc-

Figure 7: The DEMAPLAN® concept 

Figure 8: Example for the measurement results in Germany and Iran
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tion in the past. For example, the power plant 
( Figure 9) had to cut its electricity production from 
835 MW to 25% in February 2017.
One way to counteract water scarcity is the reuse of 
treated domestic wastewater in industrial processes, 
which is already practiced in various countries (e.g. DOW, 
Terneuzen, NL, see [9]). This can ensure a reliable water 

supply for industry, avoid the discharge of untreated 
municipal wastewater, provide a raw water resource with 
low salt content and help in protecting water resources. 
There is, though, the danger of a sudden deterioration in 
water quality in case the complex treatment technology 
fails. In addition, pathogenic germs (e.g. Legionella) must 
be removed so as not to be distributed via aerosols.

Figure 10: eSankey diagram of a steel mill with planned changes in water management
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Figure 9: Power plant at the Zayandeh Rud in Isfahan
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The core technology for waste water recycling is reverse 
osmosis (RO) producing high quality water. However, 
remaining membrane concentrates contain high con-
centrations of salts, organic substances and possibly 
heavy metals. In many countries, these flows are fed 
into municipal wastewater treatment plants where they 
can cause considerable operational problems. Other 
practices are the discharge into evaporation ponds, 
which is common in the Zayandeh Rud catchment area, 
or into surface waters causing significant environmental 
pollution. The key to sustainable reuse is therefore the 
treatment or recycling of concentrate streams for both 
municipal and industrial wastewater.
The goal of the pilot project is to develop transferable 
technological concepts for large-scale industry that 
improve water availability without increasing costs 
significantly. Core elements are:

 ■ Municipal wastewater reuse for industrial processes 
as an alternative source of water;

 ■ Water consumption reduction through innovative 
technologies (e.g. hybrid cooling technology);

 ■ Concentrate treatment with innovative technologies 
(e.g. membrane distillation) and subsequent slag 
cooling;

 ■ Training courses for companies with SIMBA modeling 
software.

The following scenarios have been examined for the 
three industrial sites:

 ■ Reuse of wastewater treatment plant effluents 60 km 
away from the power plant. The water quality is not 
sufficient for direct use as cooling water and requires 
additional treatment (power plant only).

 ■ Use of municipal wastewater from nearby villages 
which will be connected to the sewage system through 
investments.

 ■ Investigation of alternative cooling techniques such 
as hybrid and dry cooling.

 ■ Treatment of blowdown water to partially reduce fresh 
water requirements.

The project results have shown that the cooling processes 
have the highest water consumption in the industries 
studied (over 90%). By replacing cooling technology with 
hybrid cooling towers, water consumption can be reduced 
by two thirds (Figure 10). 
The treatment of municipal waste water for industrial 
processes is possible in general (see Pilot project: 
wastewater reuse for industrial processes), and 
dependence from natural water resources is reduced, 
but special attention must be paid to disinfection 
(germs in steam). Treatment of blowdown water using 
membrane technology is possible. By recycling perme-
ate, fresh water requirements can be reduced and the 
concentration of ions in the feed stream decreased. 
Carrying water from the wastewater treatment plant 
60 km away to the power plant, including additional 
treatment, is not profitable. The implementation of 
these results is ensured by the early involvement of the 
Iranian partners and the transfer of knowledge in the 
German-Iranian Training Center.

4. Consolidating project results
For consolidating project results, two main strategies have 
been pursued: the establishment of a German-Iranian 
Training Center to ensure continuous cooperation, know-

Pilot project: wastewater reuse for industrial processes 
Water availability is becoming an increasing challenge to the units 
in the Morcheh Khort industrial settlement. Therefore, a water 
reuse plant was erected in the central wastewater treatment plant 
(WWTP). The aim of this reuse plant is to produce treated waste 
water for usage in industrial processes, suitable for substituting 
limited fresh water resources. The plant, built in 2014, is yet to 
reach its ambitious goals. 
Ultrafiltration, as pre-treatment for reverse osmosis, a new tech-
nique in the Isfahan province, was recognized as the bottleneck 
of the plant and therefore the measures implemented on site 
focused on:

 ■ Practical training on ultrafiltration
 ■ Expert discussions of project challenges and results on site
 ■ Installation of on-line measurement devices
 ■ Data evaluation
 ■ Reporting

The optimization of plant operations led to a higher output of 
treated wastewater and its capability to troubleshoot increased.
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Figure 11: Ultrafiltration Plant in Moorche Khort WWTP
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Pilot project: sewer rehabilitation in Isfahan
Isfahan was the first city in Iran to be equipped with a modern 
sewerage system in the late 1960s and early 1970s. As little 
investment has been made in the past, there is a tangible need 
for rehabilitation measures.
A part of the Allameh Amini Street sewerage system was reha-
bilitated with the so-called Cured In Place Pipe (CIPP) technology 
as a pilot scheme. This activity was jointly implemented by the 
Isfahan Water and Wastewater Company (IWWC), the German 
consultant p2m berlin GmbH and the Frisch & Faust GmbH con-
struction company. The entire measure was documented by 
IWWC staff.
The measure included comprehensive training that presented 
the various technologies and offered a convenient opportunity 
to widely discuss different rehabilitation aspects. The event 
was considered valuable by the Iranian participants as well as 
a good example for tackling the need for rehabilitation. Figure 13: Presentation of the CIPP technology
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Figure 12: Participants of a training of trainers

how and technology transfer and the provision of a deci-
sion support system (DSS) that helps decision-makers 
develop sustainable water management strategies based 
on reliable data. 

4.1.  Developing capacities – the German-Iranian 
Training Center

In October 2017 the Iranian National Water and Waste-
water Company (NWWEC) and German Water Partner-

ship (GWP) signed a Memorandum of Understanding 
for establishing the German-Iranian Training Center 
for Water and Wastewater Management (GITC) in 
Isfahan, following on from intense preparatory work 
conducted by inter 3 as the project leader. GITC adopts 
the training-of-trainers concept based on German 
standards and stands for a new training quality, sat-
isfying a high demand for practice-oriented training 
on new technologies and didactics in basically every 
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field of water management. The German Association 
for Water, Wastewater and Waste (DWA) introduces 
internationally proven and tested expertise in this 
regard. GWP represents the interests of the German 
water sector as a member of the Board of Trustees. 
Prior to the official foundation, which is envisaged 
for early summer 2018, several training courses have 
already taken place, e.g. didactical training and opera-
tion and maintenance (O&M) of wastewater treatment 
plants carried out by DWA members or a practical 
course on sewer rehabilitation (see Pilot project: 
sewer rehabilitation in Isfahan). Providing a show-
room for German technology and a networking plat-
form, e.g. for cooperating in tendering processes, GITC 
will be more than a pure training center (Figure 12).

4.2.  Supporting management decisions – the water 
management tool

As the basis for the DSS, a Water Management Tool 
(WMT) was developed in the IWRM project by DHI-
WASY in close cooperation with the German and Ira-
nian consortium. For this purpose, four independent 
models were integrated to clarify the main influences 
on water resources and their interactions: a climate 
change model, a hydrological model (SWAT), a ground-
water model (FEFLOW) and the MIKE Basin model 
which can depict changes in water availability in the 
catchment subsequent to specific management deci-
sions. Each WMT component has the task of simulat-
ing the various parameters that are used in the final 
WMT to model the outputs. Currently, first adaptation 
strategies and scenarios are being developed, mod-
eled and assessed together with the Iranian partners. 
The extension of WMT by a surface and groundwater 
salinization prognosis model is in progress.
The WMT is supposed to enable managers to evaluate 
the effects of their decisions on which water manage-
ment challenges should be addressed and how. Its 
integrative character makes it possible to use its 
outputs for developing and implementing different, 
coordinated measures based on harmonized data. 
Thus, managers and decision-makers will be able to 
make joint decisions and plan and implement meas-
ures. At the same time, they would be able to give 
feedback to all stakeholders on how these measures 
may solve current water management challenges.

Further information: 
www.iwrm-zayandehrud.com 
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and immobilization or incorporation of phenolic substanc-

es into the soil matrix. Phenolic substances as well as 

their transformation products were found to be respon-

sible for phytotoxicity, however, their transformation or 

immobilization leads to a fast suppression of toxic effects. 

But it was also found that phenols are not degraded 

completely but immobilized and have the potential to 

remobilize, depending on environmental conditions.

6. Synthesis of the current state of findings

The seasonality and amount of OMW application are 

the key factors towards a sustainable and cheap solu-

tion. OMW stays a challenging agricultural waste water, 

but with an at least annual monitoring of some simple 

parameters (e.g. Germination, WDPT, pH), we provided 

some methods and knowledge to assess the risks. 

Moreover, the seasonality of OMW application affects 

its fate: It seems that negative effects were minor after 

spring application but not completely suppressed. In 

contrast, winter application will lead to lower effects 

on soil but it is highly suspected that leaching poses a 

substantial risk. Further thermal analyze and isotope 

ratio mass spectrometry of analyses gave us deeper 

insights in mechanisms of OMW OM fate and the toxic 

profile of OMW. The risk of reoccurring toxicity due to 

remobilization of phenols has to be further investigated. 

Based on the results of our project, controlled disposal 

of OMW to the land is favored against uncontrolled 

OMW disposal. On the one hand, soil seems to be a well 

suited treatment system allowing local farmers to have 

a cheap and feasible strategy for OMW disposal. For 

example, using an application rate of 140 m³ ha-1 Israel 

would need 860 ha of olive orchards to recycle the 

accruing 120,000 m³ OMW per year. This area accounts 

only for 2.8 % of the total olive cultivation area in Israel. 

Therefore, we see a high potential to reduce the applica-

tion rate, alternate the selected fields annually and, as 

a result, provide a safe strategy for OMW disposal. 

However, effects have not to be linearly dependent on 

the OMW application rate and must therefore be further 

investigated. On the other hand, the negative impacts 

must be further monitored and OMW application strate-

gies have to be adapted to the current soil and manage-

ment situation. Especially soil texture and irrigation can 

strongly influence the fate of OMW constituents. Anoth-

er reasonable approach to tackle the most prominent 

negative effects like water repellency issues could be 

to till the soil after the application. This might help to 

mitigate effects on water repellent top layers and 

enhance microbial degradation of OMW OM.

Check the references:

 www.water-solutions.info
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AFRICA 
Water treatment at a fertilizer production: AlexFert is a large 
fertilizer company located in Alexandria, Egypt, which was inter-
ested in reducing the cost of its high purity water treatment op-
erations by using a RO (reverse osmosis) membrane process as 
a desalination process to reduce the ionic burden on its ion ex-
change system. Lanxess and its engineering partner, AL-Emain 
Engineering Co in Mansoura, Egypt, designed and provided a 
system to meet the company’s objectives.

POLLUTEC: 27TH TO 30TH NOVEMBER
World Forum and Leading Show for the Process Industries: 
Pollutec will be celebrating its 40th anniversary in 2018; 
step by step, the trade show has established itself as a true 
showcase of all the equipment, technologies and services for 
the environment and energy.

CALL FOR PAPERS 
DEADLINE: JULY 23RD, 2018  

Special: Africa and Pollutec 2018

Water Solutions is a technical and scientific jour-
nal for global water supply and waste water 
technologies. 

The journal is focussed on water quality, treatment and 
water reuse as well as irrigation and sustainability of 
global water resources and environmental influences. 

Please submit your report or scientific paper per email. 
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