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2l Editorial

Water — an International Issue

Water is a truly international issue. The
challenges in the water sector may be
different — there are water-rich and wa-
ter-poor regions, those that are more
densely populated and others that are
sparsely populated, markedly industrial
regions and distinctly agricultural areas.
But the central challenge is to provide a
reliable water supply and sanitation and
to eliminate residual materials and waste
safely anywhere. Countries and conti-
nents of the earth are more or less inter-
connected via the global water cycle, al-
beit on a small scale, the idea could arise
that one is self-sufficient from the rest of
the world. Another important task of wa-
ter management is to ensure that not too
much is in the same place. Unfortunate-
ly, floods occur again and again. Often it
is not the wealthiest countries, who are
struggling with floods, but time after
time extreme events occur also in coun-
tries such as the USA, Germany, France,
Spain, United Kingdom. On the other
hand, droughts can also be disastrous —
not only in Africa or Asia, but also in Eu-
rope or the USA.

In addition to the above-mentioned,
the water industry always faces new
challenges. The demographic develop-
ment in some industrialized countries
has implications for the water industry:
Fewer people use less water, the infra-
structure is becoming too big, but cannot
simply be shrinked, the costs — including
a high proportion of fixed costs — have to
be shouldered by a decreasing popula-
tion. Anthropogenic micropollutants in
the water cycle require increasing atten-
tion of water experts. Climate change af-
fects the water cycle — it is to be assumed
that it is accelerated by higher average
temperatures, that storm rainfalls in-
crease in intensity and frequency and
that their seasonal distribution varies.

If the world population continues to
grow as predicted, the environmental is-
sue is likely to increase in importance,
especially in countries where environ-
mental protection does not yet carry
great weight. Water in this respect is as-

signed a particular role, it is the basis of
all life as we know it on Earth. Popula-
tion growth also means more waste that
must be disposed of so that people are
not harmed. Waste as well as wastewa-
ter should be regarded more as a source
of raw materials. What is no longer
needed by one party can be a useful
starting material for the other. In this
context, the slogan “Urban Mining” has
become well established. But more peo-
ple mean more living space, more resi-
dential areas, major cities, more infra-
structure, including sewage treatment
plants and various other water manage-
ment facilities.

For many questions that arise in deal-
ing with water, technical solutions are al-
ready existing. Especially in Germany,
environmental technology and water
management are well developed. Tech-
nology transfer is the magic word. Here,
the water management associations like
the German Association for Water, Waste-
water and Waste (DWA) can be focal
points. In these organizations, the pro-
fessionals and thus the expertise is or-
ganized. Specifically, since 2003, the
DWA is more internationally active than
in the past. For many years, the DWA has
been working in international standardi-
zation bodies. Standardization on an in-
ternational level is useful for operators as
well as for suppliers of water technical
equipment. The DWA is counseling inter-
nationally in the sector of vocational
training, good professional practice
(Technical or Sustainable Safety Man-
agement), but also cares about the inter-
national junior professionals, for exam-
ple, since 2001 it conducts Young Water
Professionals‘ programs in Germany.
Here, more than 600 young professionals
have already participated.

In Germany there are flagship events
of global importance in the areas of wa-
ter and environment (IFAT, Wasser Ber-
lin), chemical engineering/process in-
dustry (ACHEMA), information technol-
ogy (CeBit), technology in general (Han-
nover Fair) and many other large and
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small special events more, like Biotechni-
ca or Filtech, just to name a few, which
are related to water.

A small section of the German water
sector and the international activity of
the DWA is highlighted in this journal.
There are articles on sewage systems and
rain water treatment in Germany, the
performance of municipal wastewater
treatment plants in Germany, a review
“from wastewater disposal to recycling
and resources management”, a survey of
international activities of DWA, on Tech-
nical Sustainable Management in water
and wastewater treatment plants in
Egypt and an application report illustrat-
ing the upgrading of a sewage treatment
plant.

I hope you enjoy reading one or the
other article which the editor of this
“special issue in English” of DWA's mem-
ber’s journal has chosen to publish.
Thank you for your time.

-3
9 ;
 oex/]
v

.
-

Bauass. Dipl.-Ing. Otto Schaaf
President of the German Association
for Water Management, Wastewater

and Waste (DWA)
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Under the focus of statistics:
Sewerage and storm water treatment
facilities in Germany”

Hansjorg Brombach (Bad Mergentheim, Germany)

Based on the latest data of the German Federal Statistical Of-
fice for 2010, graphs were drawn up to illustrate the status
of the public sewer system, of storm water treatment and re-
tention facilities in the sewer network and the number of
waste water treatment plants in Germany. For all Federal
States, parameters like connection rate to the public sewer-
age system, sewer lengths per head, geographical distribution
of combined and separate sewerage systems, the number of

1 Introduction

Six precursors [1-6] to this paper, with similar title and con-
tents, have appeared earlier in this periodical. In connection
with the series of reports, whose history now goes back for
more than 34 years, the status and development of sewage
systems and storm water treatment will be described and
commented on the basis of the latest official data from the
Federal Statistical Office released in 2010. An analogy to the
previous publications has been deliberately preserved. A more
extensive presentation of the astonishing and rapid develop-
ment of rainwater treatment over the last 42 years may be
found in [5].

Only the “public” wastewater drainage under municipal
management, in the form of the sewer network, rainwater
treatment plants, stormwater overflows and wastewater treat-
ment plants will be considered below. By definition this does
not include private domestic connections, private installations
for retaining, reusing and infiltration of rainwater, nor does it
include industrial drainage plant or industrial wastewater
treatment plant.

The statistical assignment of rainwater treatment plants at
state and federal roads and autobahns is not clear.

2 The latest DESTATIS database from 2010

The German Federal Statistical Office (DESTATIS) collects data
on water supply and wastewater disposal in a three-year cycle.

' The following paper is the English translation of a publication in Ger-
man from December 2013, see [19]

en.dwa.de/journals.html

storm water tanks and their volume, the number of waste
water treatment plants and the average inflow/infiltration
rates as well as the development of the number of facilities
since 1975 are shown.

Key words: drainage systems, sewerage, urban drainage, connection
rate, sewer, length, storm tank, combined and separate sewerage sys-

tem, wastewater treatment plant, inflow/infiltration rates, statistics,
Federal State, Germany

The last-but-one census was taken in 2007. The latest, and
thereby complete, wastewater data from the Federal Statistical
Office [7-9] from the last census, taken in 2010, has now been
available since 7 October 2013.

All the primary data in Table 1, in columns 1 to 7, 10 to 17,
and 19 to 21, have been taken over unchanged from the
DESTATIS publications [7-9]. The author has derived the sec-
ondary data in columns 8, 9, 16, 18 and 22 from them. As a re-
sult of rounding the figures for various states up and down,
there may be slight variations in the last figure of the totals of
the “Germany” line.

Figures 2 to 7, shown below, are not contained in the report
from the Federal Statistical Office, and have been prepared by
the author, on his own responsibility and to the best of his
knowledge and belief, from the figures given in Table 1.

3 Situation reports for the federal states

In parallel with the Federal Statistical Office, the states publish
what are known as “Situation reports regarding the drainage
of municipal wastewater and the disposal of urban drainage
systems sludge” every two years. These situation reports have
been required by European Council Directive 91/271/EEC [10]
since 1991, in order to keep the public informed about the sta-
tus of urban drainage systems. Preparing the reports in paral-
lel cycles of two and three years means, that a common census
only takes place every six years. Does that make sense?

The data from DESTATIS and of the state situation reports
are structured very differently. The situation reports from the
federal states are, again, very different from one another. The
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author has compared a few situation reports for the year 2010,
which was the last time the marching rhythm of the states and
the federal waltz step fell together, with the DESTATIS data. In
the case of the situation report from the Rhineland-Palatinate
[11], the state and the DESTATIS data are in perfect agree-
ment. There are glaring differences in the situation report from
the state of Hessen [12]: why?

There is an urgent need for action in the management of the
water statistics! Marching and waltzing rhythms do not work
well together. The situation reports from the federal states
should be harmonised with those from DESTATIS, and the two
should be aligned.

4 Representative population census 2011 and
statistical consequences

Unfortunately it is only since the middle of 2013 that we have
known that Germany has significantly fewer inhabitants than
had previously been assumed. The representative population
census, with a key date of 9 May 2011 — which again is only an
extrapolation with the potential for errors — found only 80.219
million instead of the previously assumed 81.729 million in-
habitants [13]. The official population figure for the Federal
Republic of Germany had to be lowered by -1.509 million, or
-1.8%. Berlin has 5.2% fewer inhabitants than had previously
been assumed.

In relation to Germany’s total area of 356,954 kmz2, these
80.219 million inhabitants represent a population density of
225 inhabitants per km?2. In comparison with the 2007 census,
we have lost five inhabitants per km2, four of them as a result
of the “population census”. We remain, nevertheless, a very
densely populated country, and the treatment of wastewater
will continue to require careful attention in the future.

The overestimate in the population figure has unfortu-
nately thrown a large number of statistics into confusion, in-
cluding the statistics for wastewater. If, for example, we were
to divide the number of inhabitants connected to the public
sewage system according to the 2010 census by the number
of inhabitants known for 2013, we would find that seven fed-
eral states would have reached a proportion of more than
100% of people connected to public sewage systems — non-
sense, of course! In the next census from the Federal Statisti-
cal Office in 2013, the specific figures related to inhabitants,
such as for example the drain length or the reservoir volume
per head, will take a jump upwards. Not because construction
has gone on apace — but because the installed equipment is
divided between fewer people.

In order to be able to provide a consistent overview of the
state of the sewage system and rainwater treatment in spite of
the disturbed data basis, the author is staying with the official
DESTATIS population figures for 2010 in this article.

5 Inhabitants and rate of connection to the public
sewerage system

The figures in columns 1 and 2 of Table 1 been obtained from
DESTATIS [7]. Figure 1 was prepared using these figures. The
mean connection rate of the population of the Federal Repub-
lic to the public sewage system in 2010 was 96.6%, and has in-
creased by 0.5% since the last census in 2007. In spite of the
considerable growth since reunification in 1990, the lighter
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Fig. 1: Rate of inhabitants connected to the public sewerage sys-
tem in percent, mean annual value 2010

colour of the new federal states still stands out in Figure 1. It
is, however, certain that the differences will continue to even
out in future.

The seven federal states of Baden-Wiirttemberg, Berlin, Bre-
men, Hamburg, Hessen, Rhineland Palatinate and Saarland
have connection rates of 99% and more, and have therefore
reached practically complete connection.

6 Rate of connection to public wastewater
treatment plants

In the middle of 2010, 9632 wastewater treatment plants were
operating in Germany; see column 21 in Table 1, with the fig-
ures from [9]. The wastewater from 95.5% of all inhabitants is
purified in central, public wastewater treatment plants. The
difference of -1.1% from the rate of connection to the sewage
system is so small that a map showing the rate of connection to
wastewater treatment plants has not been given — it would be
more or less identical to Figure 1.

On an international level, the rate of connection in Germa-
ny to wastewater treatment plants with second and third puri-
fication stages is in fourth position, behind the Netherlands,
Great Britain and Switzerland [14]. The performance compar-
ison in [15] provides more details on the purification perfor-
mance of the wastewater treatment plants in 2010.

In 2010, a federal average of 8487 inhabitants was con-
nected to each wastewater treatment plant. Small to medi-
um-sized plants clearly dominate in Germany. For example,
the average wastewater treatment plant in Mecklenburg-Vor-
pommern had to serve only 2801 inhabitants. In Berlin, ac-
cording to DESTATIS [7], there was only one single wastewa-
ter treatment plant for 3.4 million inhabitants. In reality, the

en.dwa.de/journals.html



city of Berlin has six wastewater treatment plants, although
five of them are located in Brandenburg. This is a good exam-
ple of the difficulty of maintaining water statistics over the
whole republic.

7 Length of the public sewer network

The length of the public sewers (without private house connec-
tions) is reported from [9] in columns 4 to 7 of Table 1. In to-
tal, at the end of 2010, there were 561,581 km of public drains
for combined, sanitary and storm sewers. Since 2007, there-
fore, the length of German drains has grown by 3.9%, i.e. an
annual growth of 1.3%. Between 1998 and 2004, the growth
was 2.6% per year. The rate of growth has thus dropped to a
half. That would appear plausible.

If the total length of all the public drains in column 7 is di-
vided by the number of inhabitants in column 2, we obtain
the mean sewer length per inhabitant; see column 8. The fed-
eral average is 6.87 m of public sewer per citizen. Since 2007,
an average of 30 cm of municipal sewer has been added for
each federal citizen, which is 10 cm of sewer per year. Over
the period from 1998 until 2004, the figure was 13 cm of ad-
ditional sewer per capita and per year. The falling rate of
growth is also plausible in the light of the trend in the connec-
tion rate.

Figure 2 shows a comparison of the average length of sew-
er for each inhabitant of all the federal states. It is easy to see
that the city states manage with relatively short drains. In
2010, Berlin, with its 3.11 m per head, took the record for the
“shortest sewers of 2007” away from Hamburg (3.23 m) again.
This is the infrastructure advantage of a megapolis. Lower Sax-
ony, with a very high proportion of rural areas and with 93.2%
separate sewer systems, has the longest sewers per head in the
republic.

The new federal states have clearly mastered the need to
catch up with the development of the sewage system. Figure 2
no longer shows a glaring difference from the old federal states.

Sewage Systems and Rainwater Treatment in Germany VAN

Fig. 2: Length of public sewers per inhabitant in metres at the end
of 2010

8 Distribution of separate
and combined sewer systems

There are no direct figures in [9] regarding the distribution of
inhabitants between separate and combined systems. It is alter-
natively possible, however, as was also done in earlier reports,
to draw conclusions as to the proportion of the population con-
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nected in each case from the ratio of the lengths of the com-
bined and sanitary sewers, as follows:

CS combined sewers from column 4 in km

SS sanitary sewers from column 5 in km

PCS  proportion of population connected to combined sew-
er systems from column 9 in %

PSS proportion of the population connected to separate
sewer systems (without column) in %

PCS = [CS/(CS+SS)] X 100; PSS = 100 — PCS

It is assumed here that in larger networks, regardless of the
drainage system (separated or combined system), the same
number of inhabitants are on average connected per meter of
combined or sanitary sewer. The length of the storm sewers is
not relevant to this calculation, since the storm sewers must be
laid in addition to the sanitary sewers — or the storm sewer is
simply not present, or the rainwater flows into a ditch or pond
without being recorded in the statistics.

The author is aware that the assumptions made above as-
sign too high a proportion of connected inhabitants to the
separate system. Separate drainage dominates in rural areas,
such as can be seen in Figure 2 for Lower Saxony, Mecklen-
burg-Vorpommern and Schleswig-Holstein, and in the newer
suburbs and development areas of the cities. The population
density is lower there, and the drains are longer per inhabit-
ant. Unfortunately the riddle of how many inhabitants are in
fact connected to which drainage system remains unsolved
until now.

Even if we were to make a count: what would be the cate-
gory to which someone would belong who lives in a newly de-
veloped area with modern, modified separate drainage, but
whose wastewater runs, after a few hundred metres, into the
city centre with its 100% of combined sewer systems (due to
its history). The PCS formula has been retained in this article,
both because of this dilemma, but also in order to preserve the
analogy with the earlier publications.

Figure 3 has been deliberately prepared, as the only diagram
in this article based on atlas maps with a two-colour palette, in
order to emphasise the differences. All the federal states, where
the proportion of combined systems is less than 50% (lowland),
are coloured between dark green and light green. The federal
states, where the proportion of combined systems is more than
50% (highland) have a yellow to brown colour.

If we compare Figure 3 with the status since the first analy-
sis [3], it is noticeable that, without exception, separate sewer
systems have gained ground in every federal state. In 1989/90,
the federal average was 71.2% combined sewer systems. At the
last census in 2010, the proportion of inhabitants connected to
combined sewer systems was only 54.7%.

If we draw a boundary at a 50% proportion of combined as
against separate systems through the middle of Germany, we
find what is ironically called the “German combined sewer
equator”. The author estimates, as shown in Figure 3, that
since 1992 this line has, on average, moved about 5 km further
south per year. In fact the equator now ought to tilt from the
north-west of the south-east. To keep the equator still running
from west to east, the part of Saxony south of the equator has
been “reckoned in” with the northern part of North Rhine-West-
phalia, putting Dortmund and Gottingen now on the combined
sewer equator.
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Fig. 3: Proportion of the population connected to combined sew-
er systems in % at the end of 2010

The north-south difference in drainage systems has long
been present, but has now sharpened. The “combined sewer
equator” now no longer lies on a steep ramp, but marks a cliff!
South of Lower Saxony and Brandenburg, the proportion of
combined systems jumps by a factor of 10. The city states of
Bremen, Hamburg and Berlin tower, like Heligoland, as pillars
out of the flat surrounding lowlands.

Why this should be the case in Germany, and why it is still
increasing, has long been passionately debated, and will not be
examined here any further; refer to [5]. But anyone who fol-
lows the publications and discussions must always weigh up
whether “lowland” or “highland” is being discussed, since quite
different drainage philosophies, often unspoken, lie behind
them.

9 Stormwater tanks

According to DWA-A 166 [16] a distinction is made in the com-
bined sewer system between stormwater tanks with overflow
(STO), sewers with storage capacity and overflow (SSCO), re-
tention soil filter basins (RSF) and stormwater retention facil-
ities (SRF), while in the separate sewer system the distinction
is between stormwater sedimentation tanks (SST), retention
soil filter basins (RSF) and stormwater retention facilities
(SRF). The Federal Statistical Office has only partially adopted
this classification. It does not list any sewers with in-line stor-
age capacity and overflow, although these are tacitly included
under the heading of stormwater tanks with overflow. It is not
clear which of the stormwater retention facilities should be as-
signed to which drainage system. Retention soil filter facilities
are not recorded at all, although this would be advisable in the
light of their growing number. In order to simplify this assign-
ment for the reader, the top line of Table 1 has been supple-
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Fig. 4: Storage volume for stormwater in the public sewage sys-
tem, in m3 per head of population at the end of 2010

mented with “CSys” and “SSys” for combined and separate sys-
tems respectively.

In columns 10 to 15, Table 1 shows the existing number of
storm tanks and their storage volumes. If we put the STO, SS-
CO, SRF and SST together, i.e. structures that hold significant
volumes, under the general term “stormwater tanks*, similarly
to DWA-A 166, then for the year of recording 2010, the total
for Germany is an impressive 47,678 (1998: 31,044; 2004:
41,569; 2007: 45,457) with a total volume of 53,880 million
m3 (1998: 33,143; 2004: 46,753; 2007: 52,259), see columns
16 and 17.

If the retention volumes of stormwater tanks created over
the last 35 years or more in the public sewage system (not in-
cluding the volumes of the retention soil filter basins, which
are not included in the count, without adding the silent reten-
tion volume of stormwater overflows (SO), and without the
natural retention of the flowing wave) are divided arithmeti-
cally, evenly across the country’s inhabitants, the numbers illus-
trated in column 18 of Table 1, with which Figure 4 was pre-
pared, are obtained.

At the end of 2010, a federal average of 0.659 m3/inhabitant
of artificially created storage volume for the retention of storm-
water was present (2004: 0.567; 2007: 0.635). This corresponds
to a growth of 24 litres over three years, or 1.2% per year.

If we assume a mean construction expense of €1000 per cu-
bic metre of storage volume, then the development of rainwa-
ter treatment has cost each federal citizen €659 — even if he
hasn’t noticed it. At first sight this may look like a lot of mon-
ey, but when divided over the last 35 years, the expense comes
out at just about €20 per head per year.

With the present consumption of drinking water of around
121 litres per head per day, then in theory the retention volume
in the public sewage system now present would be enough to
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store domestic wastewater for 5.4 days — if there is no rain, and
if there is no infiltration water.

10 Infiltration and inflow (1/1) water

Infiltration and inflow (I/I) water primarily comprises clean
groundwater that penetrates through leaking sewage pipes, or
rainwater which unintentionally finds its way into the sanitary
sewers of the separate sewer system.

The amount of I/I water varies greatly from year to year,
seasonally within any one year, and locally. From practical
and scientific points of view, it is in fact not at all easy to draw
conclusions about the annual I/I rate from the measured in-
put to wastewater treatment plants. The Federal Statistical
Office nevertheless has asked since 1987 for the annual flow
of sanitary sewage, stormwater and infiltration water into all
of Germany’s wastewater treatment plants.

The “infiltration rate” of Figure 5 is the amount of I/I water,
expressed in %, entering the wastewater treatment plants each
year in addition to the sanitary sewage. In 2010, the federal av-
erage of the I/I rate was 45.9% (2004: 34.8%; 2007: 40.3%).
Figure 5 is highly inconsistent. The state of Berlin has not pro-
vided any figures on I/I water for years. Five of Berlin’s waste-
water treatment plants are located in Brandenburg — Berlin has
“outsourced” the handling of infiltration water. In Hessen, the
infiltration rate is 17.5 times larger than it is in Brandenburg.
Why are there such glaring differences?
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Fig. 5: Mean infiltration/inflow (I/1) rate as a % of sanitary sewage
flow throughout 2010
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Fig. 6: Development of the number of rainwater treatment facili-
ties of all kinds over time

The author suspects, that the amount of infiltration water is
determined using different methods (annual sanitary sewage
method, night minimum method, methods with sliding mini-
mums) and with different purposes (wastewater fees) in the
various federal states, or is even simply estimated. The new
DWA-M 182 code of practice on the topic of I/I water [17],
which came out in 2012, was also unable to supply a method
for determining the annual infiltration rate that could be uni-
formly applied across the country. Something must be done to
prepare 1/1 water statistics valid across the country.

Even though some of the numbers illustrated in Figure 5
may be doubted, the overall picture is alarming. With the high
rate of connection to the sewage system and to wastewater
treatment plants, and with the ongoing further construction of
rainwater treatment plants, I/I water has now become a new
and serious problem. It will never be entirely possible to avoid
I/T water, and the DWA-M 182 code of practice [17] deliberate-
ly does not set a maximum limit, but mean annual I/1 rates of
more than 50% indicate a need for action.

11 The development of stormwater treatment
facilities over time

Figure 6 shows curves for the number of significant compo-
nents involved in the treatment of stormwater over the period
from 1975 to 2013. Satisfactory data sources have only been
available since reunification of Germany in 1990. The author
has reconstructed earlier times from sources [1-3]. The devel-
opment following the last census in 2010 is a prediction.

The retention soil filter basins (RSF), of which the author
estimates there must already be some thousands, are unfortu-
nately entirely missing both from the statistics of Table 1 and
from Figure 6. The data was unfortunately not collected, and
this gap in recording should be closed as soon as possible.

11.1 Stormwater tanks with overflow and sewers
with in-line storage capacity and overflow

According to the official figure, there were 23,880 stormwater
tanks with overflow and sewers with in-line storage capacity
and overflow, with a total volume of 14.978 million m?, at the
end of 2010. The mean storage capacity of each basin was 627
m3. As can clearly be seen in Figure 6, the period from 1987 to
1998 was a phase of vigorous construction of stormwater tanks
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with overflow and sewers with in-line storage capacity and
overflow. Since the last-but-one census in 2007, only 108 more
stormwater tanks with overflow and sewers with storage ca-
pacity and overflow have been built in the whole of Germany.
The total storage volume even fell a little! The first phase of
stormwater treatment in the combined system, the creation of
retention volumes, is largely completed. Only a few more new
constructions will be undertaken.

It must not, however, be overlooked that about half of the
STOs and SSCOs presently in use are more than 24 years old!
Many of the old designs no longer correspond to today’s stand-
ards, regulations and knowledge, and 40% of all STOs, which
is nearly 10,000 of them, have a noticeable tendency to heavy
overflow activity [18]. In many cases, spare parts are no longer
available for the technical equipment, and in particular for the
electronic controllers. Rather like wastewater treatment plants,
it should be assumed that renovation of the construction and
thorough refurbishment of the engineering equipment will be
necessary in a cycle of around 25 years. The second phase of
the central rainwater treatment in the combined system, the
renovation and optimisation of existing constructions, is al-
ready in full swing.

11.2 Stormwater retention facilities

In 2010, the count showed a stock of 20,481 stormwater reten-
tion facilities; since 2007, nearly 2000 have been added. With a
volume of 36,211 million m3, they have now more than overtak-
en the existing total artificial retention volume in combined sew-
ers! At just about 1800 m3, the mean volume of the stormwater
retention facilities is three times greater than that of the storm-
water tanks! In Figure 6, the SRF curve has a slightly lower gra-
dient after 2007. It would appear that the new construction of
stormwater retention tanks is entering the saturation phase.

Practical experience shows, that a large number of new
stormwater retention facilities are being built on state and fed-
eral roads and on autobahns. The author has suspected for
some time that many of these installations are not being in-
cluded in the DESTATIS statistics. A check of random samples
in North Rhine-Westphalia showed that this is indeed not yet
happening. These installations are not categorised as “public”
wastewater treatment plants. This gap in recording should be
closed as soon as possible.

11.3 Stormwater sedimentation tanks

The 3317 stormwater sedimentation tanks with clarifier over-
flow in the storm sewer of the separate system means that they
are relatively rare. The latest “bump” in 2010 is most likely due
to a change in the method of counting. The mean volume of the
stormwater sedimentation tanks is 810 m3. There is a question
as to whether the stormwater sedimentation tanks in the road
and autobahn drainage system, see Chapter 11.2, have actual-
ly been included in the data collection.

11.4 Combined Stormwater overflows

The stormwater overflows in the combined system (CSOs)
have only been recorded statistically since 1998. The author
has serious doubts about the latest figure of 21,099 such over-
flows. 300 new stormwater overflows are supposed to have
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been built since 2007, but in the same period there are only
100 new stormwater tanks with overflow. Is it possible, that old
emergency outlets of doubtful status under the water statutes
have been re-declared as new stormwater overflows?

11.5 Public Wastewater treatment plants

The number of official wastewater treatment plants in Germa-
ny reached a maximum of 10,312 in 1998, and then dropped
slowly but continuously back to 9632 in 2010; see column 20
in Table 1. The combination of multiple small treatment plants
into larger storm water treatment plants is a reasonable trend
which should continue, or even be reinforced.

12 Conclusion and outlook

In October 2013, the German Statistical Office presented new,
complete and official data about the type and scope of public
sewage system and storm water treatment in Germany for the
year 2010.

It became clear in the middle of 2013, that the population fig-
ures are smaller than had been previously assumed. In the next
census from the Federal Statistical Office in 2013, the specific fig-
ures related to inhabitants, such as for example the drain length
or the reservoir volume per head, will take a jump upwards.

In the middle of 2010, the proportion of the population of
the federal republic connected to the public sewage system
stood at 96.6%. The new federal states still have a small back-
log. At 95.5%, the rate of connection in Germany to wastewa-
ter treatment plant with second and third purification stages is
in fourth position behind the Netherlands, Great Britain and
Switzerland when compared internationally [14].

The federal average is 6.87 m of public sewer length per cit-
izen (Figure 7). The proportion of citizens connected to com-
bined sewer systems, measured from the ratio of the drainage
lengths of the combined and sanitary sewers, has fallen again,
now standing at 54.7%. The ironically intended “German com-
bined sewer equator” has again moved southward, lying now
on the line between Dortmund and Goéttingen.

In 2010 Germany had in total an impressive 47,678 storm-
water tanks, with a total volume of 53,880 million m3. For each

Fig. 7: Mean length of sewers and existing retention volumes for
stormwater retention in the public sewage system per head of
population at the end of 2010
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inhabitant, 0.659 m3 of artificially created storage volume for
the retention of wastewater during rain was available.

The federal average for 2010 of the infiltration rate had an
annual mean of 45.9%. The high level of infiltration/inflow
rate — more than 50% in some federal states — is alarming.
Something must be done to standardise infiltration/inflow wa-
ter statistics valid across the country.

The number of public wastewater treatment plants in Ger-
many has fallen slowly but continuously since 1998 to 9632 in
2010. This is a plausible trend.

The retention soil filter basins (RSF), of which the author
estimates there must already be some thousands, are unfortu-
nately entirely missing both from the statistics of Table 1 and
from Figure 6. The data was not collected, and this gap in re-
cording should be closed as soon as possible.

Many stormwater tanks on state and federal roads and au-
tobahns are not categorised as “public” wastewater treatment
plants, and until now have not been included in the federal sta-
tistics, or not completely.

There is an urgent need for action in the management of the
water statistics! The cycles of years in which the federal states
provide situation reports, and the years when the German Sta-
tistical Office collects data should be harmonised, and the sit-
uation reports should be matched to one another.

The first phase of water treatment in the combined system,
the creation of storm retention volumes, is largely completed,
and there will only be a few new constructions. The second
phase of the central rainwater treatment in the combined sys-
tem, the renovation and optimisation of existing constructions,
is already in full swing.

On the whole, the treatment of rainwater in the public ur-
ban drainage systems has made great progress, without which
the evident improvement in the water quality in Germany
would not have been possible.

Thanks

The author wishes to thank Hans Lamp of the Federal Statisti-
cal Office for his patient correspondence and competent advice
over many years. Rosa Sulzbacher and Christine Wéhrle pre-
pared the graphs — thank you! Thanks are due to Korrespondenz
Abwasser for continuing this series of publications for 34 years.
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25t Performance Comparison
of Municipal Wastewater

Treatment Plants in

Germany

Treatment Processes Put to the Test
25 Years of Performance Comparison of Wastewater Treatment Plants

The idea of a performance comparison of wastewater treatment
plants dates back more than 25 years. Due to the significance of
wastewater treatment for water pollution control, treatment
plant performance has been documented since the end of the
1980ies. Already back then it was important to demonstrate the
state of the art of wastewater treatment in Germany to the pub-
lic as well as wastewater treatment experts. In addition the com-
parison of plant performance was meant to motivate operating

personnel and to heighten their awareness for contributing to
the advancement of wastewater treatment standards.

Already in 1986 the DWA Committee 5.4 “Wastewater
Treatment Plant Neighbourhoods” decided to establish a stand-
ard method, which enabled a nationwide comparison. For the
first time in 1988 a nationwide performance comparison was
conducted and published. Starting with the year 1993 also the
new Federal States participated. Since the assessment criteria
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Fig. 1: Development of average values of COD and NH,-N concen-
trations in wastewater treatment plant effluent between 1988 and
2012
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Fig. 2: Development of average values of total N and P concentra-
tions in wastewater treatment plant effluent between 1988 and
2012

established back then are still valid today, development of
wastewater treatment over the years can be documented on
the basis of the results of these performance comparisons (see
Figures 1 and 2).

Especially in the first years, the improvement of purification
efficiency of wastewater treatment plants was clearly visible
and could be demonstrated for each Federal State Association
on the basis of the performance comparison. The upgrading of
wastewater treatment plants to advanced wastewater treat-
ment proceeded and nutrient concentrations as well as COD
and BOD; concentrations in the treatment plant effluents de-
creased continuously. In the beginning of the year 2000 the
major part of the construction works had been completed and
working with the new treatment processes had become stand-
ard for the operating personnel.

In the years after the new Federal States had joined in the
performance comparison, all parameters improved significant-
ly on account of upgrading and adapting wastewater treatment
plants of the Federal State Associations North/East and Saxo-
ny/Thuringia to the state of science and technology. The strik-
ing improvement of effluent quality for the parameters COD,
NH,-N, total N and P,,, could be observed by the nationwide av-
erage values. Altogether now after 25 years an excellent efflu-
ent quality can be attested. By now applied treatment process-
es have mostly reached their performance limit. Thus, only lit-
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tle additional improvements of purification efficiency could be
realized during the last 5 years. Further improvements will on-
ly be possible, if more advanced treatment processes are used
(e. g. activated carbon, ozone).

Starting with the year 2006, additional reports concerning
specific topics were compiled using the extensive data materi-
al collected nationwide by monitoring of operation and
self-monitoring. So far the following topics have been covered:

Influent concentrations and degrees of degradation (2006)
Data analysis according to riversheds (2007)

First analysis on electric power consumption (2008)
Phosphorus removal (2009)

Nitrogen removal (2010)

Detailed nationwide analysis of electric power consumption
(2011)

Comparison of treatment processes (2012)

Analysis of current developments will continue in the future in
order to provide incentives for optimizing operation of waste-
water treatment plants in order to be able to meet increasing
treatment requirements. Thus, if possible additional key figures
such as electric power consumption and other significant pa-
rameters are to be collected and analysed. Then the annually
conducted performance comparison could also be used for e.g.
performing an energy check of each individual wastewater
treatment plant. This shows that the “Performance Comparison
of Wastewater Treatment Plants” is not a closed issue, but con-
tinuously needs to be improved and adapted to new questions
arising in the field of wastewater treatment.

1 Objectives and Fundamentals of the Nationwide
Performance Comparison

The DWA performance comparison demonstrates the quality of
wastewater treatment and shows the amount of electric power
consumed for wastewater treatment. It also reflects and hon-
ours the qualified work of the operating personnel. Data of this
performance comparison were collected by the DWA Associa-
tions of the Federal States and for the first time were analysed
in regard to treatment processes.

According to the German Federal Statistical Office, 95 % of
the population were connected to municipal wastewater treat-
ment plants in the year 2007. Altogether 9.933 municipal waste-
water treatment plants exist in Germany with a treatment capac-
ity of 151.3 million population equivalents (PE). 5,914 treatment
plants with a capacity of 142.6 million PE participated in the 25%
DWA Performance Comparison. On account of the record-break-
ing participation of 94.2 %, results for the year 2012 can be con-
sidered representative for Germany. Basis for the comparison are
3.6 million individual measurements, which have been taken by
the operating personnel within the self-monitoring programmes
and are used as annual mean values for the assessment.

The assessment was conducted as before structured accord-
ing to DWA Associations of the Federal States and according to
treatment plant size category (SC). The distribution of waste-
water treatment plants in regard to treatment capacity and
number of plants is shown in Figure 3. Just 4 % of the waste-
water treatment plants have a treatment capacity > 100,000
PE (SC 5), but at the same time these treatment plants repre-
sent 52 % of total treatment capacity.

en.dwa.de/journals.html



2 Results

Table 1 shows the results of influent and effluent measurements
(load-weighted mean values), degrees of degradation and other
parameters as well as data on participation. For the first time al-
so results of the OWAV performance comparison of wastewater
treatment plants in Austria and South Tyrol were included. One
has to keep in mind that the OWAV performance comparison al-
so covers industrial wastewater treatment plants (pulp and pa-
per, pharmaceutical and leather industry), the effluent of which
contains large amounts of hardly degradable COD.

In comparison to the previous year, slight improvements of
effluent concentrations can be observed, degrees of degrada-
tion show no significant changes. Noteworthy are higher de-
grees of degradation of N and P for the State Associations
North and North-East, which are due to a significantly higher
pollution of the influent. The reason for this among other
things lies in the separate sewer systems, which are much more
common in those federal states. As a consequence, influent pol-
lution in those federal states is higher on account of separate
discharge of stormwater. Effluent values for total P are some-
what lower in Austria/South Tyrol, which is due to higher le-
gal requirements for phosphorus removal (P precipitation start-
ing at 1,000 PE).

Overall also in the year 2012 on the nationwide average re-
quirements of the EU guidelines for municipal wastewater
were met or significantly exceeded. Nevertheless, some treat-
ment plants remain which still need to be adapted to the state
of science and technology (sewer system and wastewater treat-
ment plant).

As a reference number for calculating specific wastewater
flow and specific consumption of electric power, mean waste-
water treatment plant load in PE was determined by the mean
COD influent load. For calculation a specific COD load of 120
g/(PEXd) was assumed.

Specific wastewater flow showed no significant changes
compared to the previous year. For the DWA State Associations
North and North-East specific wastewater flow is considerably
lower, which is again presumably due to the separate collection
systems more common in these regions.

As in 2011, data on electric power consumption were again
collected in all State Associations. Specific consumption of
electric power (kWh/(PEXa) could be calculated for 5,095
wastewater treatment plants. The lowest values were obtained
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for Austria/South Tyrol and the State Associations of Saxony/
Thuringia, the highest values were determined for the State As-
sociations North-East and North Rhine-Westfalia (NRW).

3 Comparison of Purification Processes

3.1 Wastewater Treatment

The activated sludge process is the most common treatment
process (81 %) used at wastewater treatment plants independ-
ent from size category. Only a small number of plants uses
trickling filters (7 %). Aerated and non-aerated lagoons (11 %)
as well as constructed wetlands (1 %) are with few exceptions
only used at plants in size category 1 and 2. Furthermore mul-
ti-stage treatment plants often use a combination of various pu-
rification processes

The following data analysis only covers those single-stage
treatment plants, which could be assigned unambiguously to
one of the following treatment processes:

® Activated sludge process with anaerobic sludge stabilization
(ASD)

® Activated sludge process with aerobic sludge stabilization
(ASS)

® Activated sludge process with discontinuous step-feed in-
flow (SBR)
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DWA State Association Baden- | Bavaria | Hesse/ North North- North | Saxony/ | DWA OAWV*
Wiirttem- Rhine- East Rhine- | Thuring-| Total Total
berg land-Pa- West- ia
latinate/ falia
Saarland

g:;ﬁ“(’ifrigﬁtmem 955 1609 | 1445 567 300 513 528 5917 906

?;?ﬁf;nwriﬁ;ewater flow 1594 | 1588 | 1423 838 503 2355 489 8789 197

capacity (million PE) 21.6 26.6 18.4 22.2 13.1 32.2 8.5 142.6 | 27.3

mean load /PE (million PE| 16.4 19.9 15.8 16.2 115 22.9 7.2 109.9 17.9

capacity PE/mean load PE | 1.32 1.34 1.17 1.37 1.14 1.41 1.18 1.30 1.52

spec. wastewater flow

[fn3  PExa)] 97 80 90 52 44 103 68 80 67

spec. electric power

consumption [kKWh/ 33.0 32.2 33.9 34.2 37.6 36.6 31.6 34.3 31.4

(PExa)]

COD influent (mg/L) 451 550 487 849 1003 427 645 548 656
effluent (mg/L) 21 28 24 38 42 24 31 27 43.8
32?;23;?011 o) 95.3 94.9 95.0 95.5 95.9 94.3 95.2 95.1 93.3

total N influent (mg/L) 42.8 51.9 48.1 71.1 86.4 41.4 58.4 51.0 43.2
effluent (mg/L) 9.6 10.1 9.0 8.9 11.2 7.3 10.2 9.0 8.9
jzgzzgion %) 77.7 80.6 81.3 87.4 87.0 82.3 82.6 82.3 79.4

total P influent (mg/L) 6.7 8.1 7.3 11.7 14.4 6.0 9.2 7.9 7.5
effluent (mg/L) 0.64 0.97 0.90 0.64 0.61 0.48 1.00 0.72 0.65
322;23;5011 o) 90.5 88.0 87.7 94.5 95.7 91.9 89.2 90.9 91.3

NH,N effluent (mg/L) 0.76 1.40 1.64 1.29 1.32 0.93 1.58 1.19 1.20

NO.N effluent (mg/L) 7.1 6.7 5.2 5.6 8.0 4.9 6.2 6.0 5.7

Austria + South Tyrol including industrial wastewater treatment plants
total N = Ny + N

inorg

o
org

Table 1: Mean influent and effluent concentrations, degrees of deg

® Trickling filters (TF)

® Lagoons non-aerated (L)

® Lagoons aerated (LA)

® Constructed wetlands (CW)

Data were analyzed according to treatment process and treat-
ment plant size category. For calculation of mean values only
size categories with at least 10 treatment plants were consid-
ered. All in all complete data sets were available for 3,219
plants (Table 2).

As shown in the following diagrams, differences in efficien-
cy can indeed be found between the various analyzed treat-
ment processes. Activated sludge plants have lower COD con-
centrations in their effluent than trickling filters and lagoons
(see Fig. 4). The COD concentration values in the effluent of
constructed wetlands lie in between. The same effect can be
observed for COD degradation (see Fig. 5), where activated
sludge plants achieve a COD removal of 94 — 96 %, trickling fil-
ters and lagoons achieve 86 — 92 % and constructed wetlands
accomplish almost 93 %.

For nitrification (see Fig. 6) best results are also obtained at
activated sludge plants (0.5 — 2.1 mg NH,-N/1) followed by

KA Korrespondenz Abwasser, Abfall - International Special Edition 2014/2015
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Fig. 4: COD concentrations in the effluent in dependency on treat-
ment process and treatment plant size category (SC)

trickling filters (2.1 — 3.5 mg NH,-N/1), constructed wetlands
(8.2 mg NH,-N/1) and wastewater lagoons (9.7 — 16.0 mg NH,-
N/1). It is remarkable that aerated lagoons show poorer efflu-
ent values than non-aerated lagoons.

The highest rate of nitrogen removal is achieved by SBR re-
actors (87 — 92 %) and by activated sludge plants using aero-
bic sludge stabilization (83 — 91 %). Nitrogen removal rate for

en.dwa.de/journals.html
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Treatment plant size category Capacity [PE] ASD ASS SBR TF L LA CW
SC1 0-999 220 57 87 233 125 59
SC2 1,000 - 5,000 581 63 146 20 147

SC3 5,001 - 10,000 37 318 22 34

SC4 10,001 - 100,000 526 381 30 20

SC5 > 100,000 113

Total 676 1.500 172 287 253 272 59

Table 2: Number of analyzed wastewater treatment plants classified according to treatment process and treatment plant size category (SC)

ASD ASS | sBR | TFD | L | LA cw
specific electrical power consumption in kWh/(PEXa) (number of plants)
Sc1 65.2 (184) 92.8 (45) 53.2 (65) 23.8 (45) 41.5 (44) 19.1 (26)
SC2 44.2 (476) 44.4 (46) 22.7 (119) 35.6 (123)
SC3 37.9 (37) 39.4 (269) 50.2 (19) 24.7 (28)
Sc4 33.8 (509) 36.2 (345) 35.2 (27) 26.5 (15)
SC5 31.9 (114)

Table 3: Specific electrical power consumption of analyzed wastewater treatment plants (mean values) in regard to treatment process
and treatment plant size category (SC) in kWh/(PEXa) — (in parentheses: number of plants)

100 1

98 4

LA cw

Fig. 5: COD removal in the effluent in dependency on treatment
process and treatment plant size category (SC)

ASPD  ASPS SBR TF L

plants with anaerobic sludge stabilization increases considera-
bly from 73 to 85 % with increasing plant size category. All oth-
er treatment processes only achieve degrees of degradation of
about 60 % (see Fig. 7) on account of incomplete denitrifica-
tion.
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Fig. 6: NH,-N concentrations in the effluent in dependency on
treatment process and treatment plant size category (SC)

3.2 Consumption of Electrical Power

While in the year 2011 electrical power consumption was ana-
lysed in regard to wastewater specific influences, such as spe-
cific wastewater flow, specific nitrogen load in the influent as
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well as organic load, the performance comparison of the year
2012 focussed on the investigation of electrical power con-
sumption in regard to the various treatment processes used. In
Table 3 the number of analyzed treatment plants (in parenthe-
ses) and the mean values of the individual treatment plant size
categories are compiled for each treatment process.

As expected, the lowest specific electrical power consump-
tion in treatment plant size category 1 was observed for con-
structed wetlands and non-aerated lagoons. Trickling filters
plants also consume less electrical power than activated sludge
plants, however, in contrast to the trend observed for other
treatment processes, here specific electrical power consump-
tion increases slightly with increasing plant size category.

Significantly higher specific electrical power consumption
was determined for aerated lagoons in comparison to non-aer-
ated lagoons, but determined values remained below values
found for activated sludge plants, which at plant capacities be-
low 5,000 PE normally use simultaneous aerobic sludge stabi-
lization.

Among the activated sludge plants, plants with anaerobic
sludge stabilization (size category 3 and above) have the low-
est specific electrical power consumption, plants with aerobic
sludge stabilisation come in second. It is remarkable that only
a slight difference exists between the two treatment processes.
Comparably high values can be found for SBR plants. This is
probably due to the more energy-intensive combination of aer-
ation and mixing and to the mostly required lifting of wastewa-
ter.

In order to illustrate the range of individual results, cumula-
tive frequency distribution was analyzed. On account of the gen-
eral dependency of specific electrical power consumption on
treatment plant capacity, a distinction was drawn between treat-
ment plants with a capacity below 5,000 PE (treatment plant
size category 1 and 2) and plants with a capacity above 5,000 PE
(treatment plant size category 3, 4 and 5) (see Fig. 8 and 9).

Although the individual results lie within a wide range of 0
kWh/(PWXa) and in part significantly above 100 kWh/(PEXa),
it an be observed that the applied treatment processes have a
considerable influence on electric power consumption.

Above a capacity of more than 5,000 PE constructed wet-
lands and lagoons (non-aerated and aerated) are only used in
particular cases and are thus not included in the further evalu-
ation. Activated sludge plants with separate anaerobic sludge
stabilization (sludge digestion) in contrast are used increasing-
ly above a capacity of 5,000 PE.
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Plants using trickling filters generally consume considerably
less electrical power in comparison to activated sludge plants.
However, those trickling filter plants which are specifically laid
out for nitrogen removal, consume more than 35 kWh/(PEXa)
of electric power, apparently on account of increased recircula-
tion of the wastewater. Plants using simultaneous aerobic
sludge stabilization and SBR plants consume basically the same
amount of electric power, if they have a capacity of more than
5,000 PE.

4 Conclusion

Compared to the previous years participation in the nationwide
DWA Performance Comparison could be increased even more
in 2012. Special thanks go to the operating personnel of mu-
nicipal wastewater treatment plants for their cooperation and
support. The results draw a representative picture of purifica-
tion efficiencies of German wastewater treatment plants. 5,917
wastewater treatment plants with a capacity of 142.6 million
PE participated in 2012.

For the first time also respective data for Austria including
South Tyrol supplied by the OWAV were integrated in the com-
parison. To a large extent, results match data of German waste-
water treatment plants.

Furthermore, nationwide data on electric power consump-
tion at wastewater treatment plants were collected and evalu-
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ated statistically. On the average, a specific electric power con-
sumption of 34.3 kWh/(PEXa) was determined. The present
electric power consumption per person lies at a little more than
1,000 kWh/(PEXa). This shows that less than 4 % of the annu-
al power consumption of a household (or a person) is attribut-
ed to wastewater treatment. The goal of wastewater treatment
is to achieve the highest possible purification level at the low-
est possible power consumption. Thus, it goes without saying
that energy should not be wasted in the field of wastewater
treatment. Using energy checks and energy analyses it should
be possible in the future to properly evaluate electric power
consumption of wastewater treatment, to identify unnecessary
surplus consumption and to introduce measures for minimiz-
ing consumption of electric power where necessary.

In the year 2012, for the first time a comparison in regard to
treatment processes has been conducted. The best purification
results were found for the waste activated sludge process, the
treatment process used predominantly in Germany. The best ef-
fluent values were determined for the SBR process. This process,
however, consumes more electrical power. Trickling filter plants,
wastewater lagoons and constructed wetlands, all of which are
used predominantly in size categories 1 and 2, can only achieve
a nitrogen removal rate of 60 %. It is remarkable that electric
power consumption of trickling filter plants in contrast to other
processes increases slightly with increasing plant size.

Overall also in the year 2012 on the nationwide average re-
quirements of the EU guidelines for municipal wastewater

Municipal Wastewater Treatment in Germany V3l

ment plants remain which still need to be adapted to the state
of science and technology (sewer system and wastewater treat-
ment plant). Also the treatment of wastewater from combined
sewer systems should increasingly be brought into focus in the
future.

A general need for action could arise at wastewater treat-
ment plants in the years to come on account of legal regula-
tions for a fourth treatment step, which is required for the elim-
ination of trace pollutants in the wastewater. Currently, exten-
sive tests are carried out in this field.

The DWA Working Group BIZ-1.1 Wastewater Treatment
Plant Neighbourhoods would like to thank all participants, in-
structors and chairmen of wastewater treatment plants neigh-
bourhoods for their support in data collection and analysis.
Without them this nationwide performance comparison would
not have been possible.

Compilation: DWA Working Group BIZ-1.1

“Wastewater Treatment Plant Neighbourhoods”

German Association for Water Management, Wastewater
and Waste (DWA)
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On the road from wastewater
disposal to recycling
and resources management?

Jochen Stemplewski (Essen, Germany)

Recent publications and declarations on the development of the
water management sector increasingly raise the question wheth-
er wastewater should not also be considered as a resource, just
like water. The current debate on phosphorus recovery or ener-
gy recovery potentials in the water management sector auto-
matically leads to the thought that wastewater; like waste, is not
only a “residual” that must be disposed of, but a recyclable ma-
terial. But we must always bear in mind that there is one major

1 Wastewater: defining terminology and location

In the middle ages, the German word for wastewater (Abwass-
er in present-day German, or afwater in Middle High German)
was already in use, although it wasn’t part of everyday speech
at that time. Even then, the word referred to wastewater that
could not be used. The use of the term became more common
in the 19™ century, in connection with the more intensive con-
cern with epidemics and with hygienic problems arising from
the shortcomings of wastewater management. The develop-
ment of the engineering industry, and the increased production
of large quantities of wastewater, played an important part
here.

In that context, the word had a rather negative, pejorative
sense: above all, the concern was with contamination caused
by water usage. All the same, the more or less purposeful han-
dling of wastewater is an important part of human history.
There is evidence from antiquity of the development of large
settlements and cities with water supply and wastewater dis-
posal systems. Both the use of faeces as a fertiliser and of urine
as a tanning agent played a part since early times — we could
say that the idea of recycling already existed.

For a variety of reasons, this understanding of the systemat-
ic handling of wastewater became largely lost after the middle
ages. That, in addition to the rapid development of cities, is
one of the causes for the sometimes catastrophic hygienic con-
ditions, and the associated spread of serious epidemics.
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difference between wastewater and waste. Even if we attribute a
higher value to wastewater because several of its ingredients are
recyclable, the “water treasure” is first of all determined by its
contents of “unpolluted water”. Thus priority must be given to
treating our water resources and keeping them clean over recov-
ery methods for recycling other raw materials contained in the
wastewater.

Key words: wastewater, recyclables, resource, phosphorus recycling

The enormous pressure presented by this problem led, in
the 19% century, to the planned and systematic consideration
of wastewater disposal. As a result of the serious hygienic prob-
lems, the focus was initially on the fastest and most complete
possible drainage of the wastewater, and the attempt to dis-
charge it as far as possible. In the more recent past it also be-
came an objective to protect waterways from contamination,
for instance through further development of biological water
treatment to eliminate nutrients and oxygen-consuming sub-
stances [1]. Nowadays, the term “wastewater” is the object of
definitions in statutes and in sub-legal standards. According to
Section 54, Para. 1 of the Water Resources Act, wastewater is
water whose properties have been changed by domestic, com-
mercial, agricultural or other usage, and the water (sanitary
sewage) that is discharged together with it in dry weather, as
well as the precipitation collected by built-up or paved areas
and discharged from them (precipitation water).

The fluids generated when storing and treating garbage are
also a form of sanitary sewage. In a similar way, DIN 4045
(2003) defines wastewater as water that has been changed, in
particular contaminated, flowing away after domestic or com-
mercial use, and water originating in precipitation and enter-
ing into the sewage system. The contamination of the clean,
natural water thus continues to be a focus of attention under
this terminology.
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The fact that this understanding of the terms is character-
ised by the idea of disposal is also illustrated by the heading
“Wastewater disposal” of the corresponding sections in the fed-
eral and state water regulations. According to Section 54, Pa-
ra. 2 of the Water Resources Act, wastewater disposal particu-
larly comprises the collection, transport, treatment, introduc-
tion, seepage, irrigation and sprinkling of wastewater. As a sup-
plement to this, Section 51 Para. 3 of the North Rhine-Westphalia
state water act specifies that a wastewater treatment plant is
equipment whose purpose is to minimise or overcome the
harmful effects of the wastewater. This also includes plant
whose task is to prepare the sewage sludge generated in con-
nection with wastewater treatment for proper disposal. The
idea of the “end of the pipe” lurks behind this, and does not
seem far away from the saying, “out of sight, out of mind”.

2 From disposal thinking to utilisation thinking

The development of the water law indicates an ongoing inter-
nal differentiation in the content of the idea of wastewater:
precipitation water, for example, although it continues to be
thought of as a component of the wastewater in addition to the
sanitary sewage, is considered specifically through the regula-
tion in Sect. 55, Para. 2 of the Water Resources Act. According
to this, precipitation water should be allowed to seep away
close to its original site, sprinkled, or directly introduced to a
waterway without mixing with sanitary sewage. The standard
mentions a dedicated precipitation water drain (separate sys-
tem) as a further option. The target approached by this regula-
tion, that of directly passing clean precipitation water to the
ground and thereby to the groundwater or to the waterways, if
possible without using any wastewater transport or treatment
plants, is on the one hand aimed at the idea of a return to the
natural water cycle. This standard indicates on the other hand
that it is possible for individual “water currents” not only to be
subject to different regulations, but also in reality to be han-
dled differently from the point of view of water resources man-
agement.

To that extent, there are approaches to further differentia-
tions. According to ISO 6107-7 (2006), “black water” is domes-
tic wastewater containing faecal matter. The black water is fur-
ther distinguished into: 1. yellow water, a general term for
urine and urine with flushing water, and 2. brown water. That
is the portion of the wastewater that only contains faeces,
flushing water and toilet paper. Pure brown water is created by
separating toilets that separate urine and faeces. “Grey water”
refers to wastewater that is somewhat dirty, but does not con-
tain faeces, generated for example by showering, bathing or
washing hands, or that emerges from the washing machine and
is suitable for treatment to provide process service or process
water.

It can be seen that behind these attempts at a definition, an
effort is being made to distinguish between different wastewa-
ter components, from the point of view of different forms of
treatment, or even of later utilisation (perhaps as fertiliser).
The large amount of literature relating to wastewater terminol-
ogy in water statutes [2] also illustrates how the understand-
ing of wastewater and its treatment is becoming increasingly
more differentiated. The property of being wastewater will end
when, for instance, through processing or through usage it is
seen as economic goods or as part of economic goods.
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Today’s wastewater system thus has the goal of transporting
the wastewater as quickly as possible away from the (water)
user and (wastewater) generator, and of purifying it before re-
turning it to the water cycle. Wastewater treatment involves
the use of mechanical, chemical, physical and biological meth-
ods to remove the materials contained in the wastewater, as far
as possible and necessary, and to return the water that has been
cleaned in this way to the waterways [3). The pollutants — or,
better, the wastewater contents — can in part be distinguished,
on the basis of the requirements and possibilities of today’s
wastewater treatment plants, as

® oxygen-consuming substances (e.g. uric acid, which is bio-
degradable while consuming oxygen),

® nutrients (in particular compounds of nitrogen and phos-
phorus),

® contaminants (e.g. grease, oil or sand), and

® pollutants (e.g. heavy metals, chemicals or medication res-
idues).

These differentiations again have the primary purpose of ad-
vancing the process of wastewater treatment through a system-
atic consideration of the materials it contains.

The understanding of an integrated or integral water man-
agement system, as is to an extent expressed in the Water
Framework Directive, should in any case lead to the under-
standing that wastewater is not a left-over that must finally be
disposed of, but is a “temporary state” of the water within its
cycle. From this point of view, materials contained in wastewa-
ter, or the “loading” of the water with heat, can be understood
not just as an unwanted condition, but also as something with
a potential for exploitation and as a raw material. This applies
to nutrients such as phosphorus as well as to energy in the form
of biomass (sewage sludge), (wastewater) heat, or kinetic or
hydrostatic energy. The question of whether more use should
not be made of these potentials in wastewater than has been
the case in the past is growing in importance.

One factor that comes into play here is that modern waste-
water treatment uses considerable quantities of energy and
auxiliary materials (e.g. dewatering agents). Yet another factor
is that, in spite of high cleaning standards and significant finan-
cial expenditure, some of the said substances enter the water-
ways as “micro-contamination” or as “trace materials”, leading
to discussions of further purification techniques (“the fourth
purification stage”).

3 Wastewater as a resource

The question of whether wastewater itself represents a re-
source is being increasingly discussed [4]. In entirely general
terms, resources are stocks of materials that are necessary for
a particular purpose, in particular for feeding humanity and for
commercial production. The public and political discussion is
paying particular attention to those natural resources that are
components or functions of nature with economic value. Land,
water and air, as well as raw materials found in nature, which
must be transported and in many cases purified but which do
not have to be manufactured, are counted as natural resourc-
es. In terms of sustainable policies, an increasing effort is being
made to see that the use of natural resources does not signifi-
cantly exceed the earth’s capacity for regeneration (see the re-
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sources efficiency programme of the German federal govern-
ment issued on 29.2.2012 [5]).

Natural resources are important production factors that can
be represented in monetary terms in the sense of ecosystem
services (c.f. for example the Millennium Ecosystem Assess-
ment [6]). They are the foundations of human life, often only
available to a limited extent, and not in every case renewable.
At the same time, the use of raw materials through the entire
value chain (production, processing, use and disposal) gener-
ally involves environmental considerations which can include
the release of greenhouse gases, the emission of contaminants
into water, ground and air, as well as considerations of ecosys-
tems and biodiversity. The sparing and efficient use of natural
resources is therefore increasingly seen as one of the central
challenges of the future. The federal government wishes to
pursue these targets systematically through its resources effi-
ciency programme.

3.1 Saving and reusing water

Germany is fundamentally a water-rich country, with plenty of
water available. Thus in 2007, according to figures from the
Federal Statistical Office, the 32 billion m3 of water drawn
were less than 20% of the available water resources. The great-
er part of this, 20 billion m3, was taken by cooling water for
power stations. At 5.1 billion m3, public water supplies used
less than 3 percent of the available water. About two thirds of
this went to households and small businesses. Over the same
period, the quantity of sanitary sewage passed to the wastewa-
ter system, at about 5.2 billion m3, was much the same as the
amount of drinking water supplied.

Over the last twenty years, careful and efficient water usage
has allowed the amount of water drawn and water consump-
tion in Germany to drop significantly. Most importantly, recir-
culation systems in industrial and commercial fields have
meant that the amount of water withdrawn has fallen by more
than 30 percent. To this extent, there is no shortage of water as
a resource in Germany, and, as far as we presently understand
the effects of climate change, this is unlikely to alter greatly.
Should shortages develop in some limited regions in future, in
particular as a result of seasonal variations, this can be handled
by modified extraction and distribution systems on regional
and national levels.

Thus from the points of view of water management and of
resources shortage, there is no great need to save water. How-
ever, as a result of rising costs and as a consequence of techno-
logical development, it can be expected that multiple usage of
water, and the management of water and wastewater in circu-
lation systems in commerce and industry, will intensify. On top
of this, a careful approach to water as a natural resource is ap-
propriate for ethical reasons. See, for example, Augustin et al.
[7] on the use of grey and black water in residential areas with
reference to the example of the HAMBURG WATER Cycle (Jen-
felder Au).

At the same time we should note that existing water and
wastewater systems require a certain throughput in order to
function properly. If the water consumption were to fall below
these minimum quantities, the result would be that water
would have to be added for flushing and cleaning the system —
this is already a reality in remote regions of Germany as a fea-
ture of demographic change.
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In regard to the repeated criticism of central wastewater
systems and of so-called water-borne sewage systems, it must
be said that for the large agglomerations of population in in-
dustrialised countries, there is no foreseeable, technically and
economically reasonable alternative. It is precisely the uninter-
rupted function of this infrastructure that has given us a signif-
icant improvement in the “public health”, and has made a
marked contribution to the increase in life expectancy.

For this reason, water recycling will in the long term only
have a very limited significance for us. Nevertheless, available
water resources in other parts of the world are, due to natural
conditions, significantly less, and climate change may lead to a
further reduction.

It is therefore important for both pure science and practical
engineering to look at the question of the extent to which pu-
rified wastewater can be used to replace drinking water and
groundwater for the irrigation of agricultural areas, in order to
ensure an adequate supply of drinking water in these other
countries. This also reflects the fact that we import “virtual wa-
ter” from other countries, not least in the form of agricultural
produce. This so-called “water footprint”, the water that we use
through our imports from other countries, must be included, as
an additional measure for the sustainability of the use of water
resources, in the discussion [8].

3.2 Recovering the contents of wastewater

The management of water quantities in Germany is a perma-
nently necessary task, but one that can be easily fulfilled. Bear-

Wastewater Disposal, Recycling and Resources Management PAJ

ing in mind the variety of ways in which water is used and the
effects of materials it may contain, water quality management,
which implies securing a lasting good quality of the available
water, presents a serious challenge. In this context it can be in-
teresting to bring more advanced wastewater treatment tech-
nologies, amongst other things for the elimination of mi-
cro-contamination, into the discussion, since it is possible that
substances that at present are considered primarily as pollut-
ants and toxins in wastewater, may in future also become im-
portant from the point of view of raw materials recovery. A few
examples:

Phosphorus. Phosphorus is an altogether important re-
source, having fundamental importance to the growth and
function of organisms. Flora and fauna, and of course also hu-
man beings, are dependent on a continuous supply of this ma-
terial. Large quantities of fertiliser containing phosphorus are
used in agriculture, and it is also necessary for many industri-
al processes.

As far as we know today, the best-known phosphorus depos-
its contain only limited reserves, which can be economically ex-
tracted using today’s technology. There are, nevertheless, very
different estimates as to what other phosphorus deposits may
be available, and whether a grave shortage of phosphorus can
be foreseen. The main deposits are located outside Germany.
Heavy metal pollution and extensive excavation mean that
their exploitation presents risks to people and the environment.
For this reason, intensive scientific and practical efforts are be-
ing made over the recovery of phosphorus from waste materi-
als.
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Wastewater and sewage sludge offer the greatest potential
for phosphorus recovery. In principle, the phosphate contained
in sewage sludge can be returned to the cycle effectively
through its agricultural use. However, as a result of the con-
cerns about the presence of pollutants in sewage sludge, it ap-
pears likely that its agricultural use will in future fall further.
For this reason investigations are under way into the extent to
which different process technologies could recover the phos-
phorus contained in wastewater and sewage sludge, and con-
vert it to a form that is low in pollutants and usable by plants.
Due to the growing proportion of thermal exploitation of sew-
age sludge, the question of how the quantities of phosphorus
contained in sewage sludge combustion ashes can be secured
for future utilisation is being discussed. To that extent, the re-
trievable storage of the ashes in mono-fill sites or special sec-
tions of landfill sites is valuable, for as long as it is not yet tech-
nically and commercially possible to process them to form
phosphates that are low in pollutants and usable by plants. The
possibility of recovering phosphorus from existing sewage
sludge stores and dumps, a kind of “urban mining”, should al-
so be examined.

Precious metals. In its resources efficiency programme, the
federal government states that ashes from the combustion of
sewage sludge should be stored in dumps for future use, not
only because of the phosphorus, but also because of other raw
materials contained in them, important metals in particular.
Wastewater thus carries valuable freight; the importance of
technologies for recovering these kinds of valuable materials is
therefore growing. In addition to other materials used by hu-
mans, precious metals can also be analytically detected in
wastewater. This includes, for example, elements of the plati-
num group, together with ruthenium, rhodium, iridium and
platinum. German hospitals are believed to release between 30
and 100 kg of platinum annually in wastewater. The mechani-
cal and thermal wear in motor vehicle catalytic converters adds
about another 300 kg to that. The presence of other precious
metals, such as gold and silver, can also be detected both in
wastewater and in sewage sludge.

Silver, in particular, is finding applications in more and
more fields: in sanitation as nanosilver for disinfection, for the
conservation and sterilisation of water, and also for the impreg-
nation of fibres and as a coating agent, not least because of its
antibacterial action. In addition to a growing range of medical
applications, silver is found in cooling and process fluids be-
cause of its strongly fungicidal and bactericidal effects. Esti-
mates suggest that in 2010, about 8200 kg of silver were used
in Germany for these and other purposes — see here also [9].

Copper. Dissolved copper is, on the one hand, viewed as a
toxic content of wastewater. At the same time, however, it is al-
so a valuable resource. The removal of copper from industrial
wastewater has therefore long been an important topic for
wastewater technology. Reducing the copper concentration be-
low permitted limits is not the only issue at stake here. As the
price of raw materials rises, recovery policies also play an in-
creasing role.

Since wastewater has been understood as a resource of en-
ergy and of valuable materials, more and more consideration
has been given to the question of how wastewater should be
treated and valuable materials recovered in a manner that is
both technically and commercially viable. As well as large com-
panies such as Siemens, start-up firms such as Magpie Polymers
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in France are also looking at processing technologies that can
recover even small traces of valuable materials from the waste-
water. The extent to which this is not only relevant for the
treatment of industrial and commercial wastewater, but also
significant for the recovery of valuable materials from munici-
pal and domestic wastewater, depends to a very large extent
not only on technological development, but also on trends in
costs and the market situation.

In addition to the recyclable materials just mentioned, oth-
er products can be extracted from the wastewater, e.g. biolog-
ically degradable, resources-saving bioplastics (polyhydroxyal-
kanoates, PHA) in the Brussels North wastewater treatment
plant [10].

3.3 Energy from wastewater

Finally, the exploitation of the energy contained, in particular,
in the organic contents of the wastewater is becoming ever
more important. Thus wastewater treatment plant is no longer
solely a consumer of energy, but is also a place for its produc-
tion from regenerative sources. Above all the biomass con-
tained in the sewage sludge has an important function here.
The energy potential contained in the sewage sludge has been
used for a long time now in wastewater treatment plants with
anaerobic sludge stabilisation in digestion tanks. The digester
gas that is generated here is exploited as the heat for combined
heat and power plants, and equipment for power-heat cogen-
eration [1].

Hydrogen can be produced through electrolytic conversion
of the digester gas. In the wastewater treatment plant at Em-
scher-Mitte in Bottrop, digester gas is already being converted
to hydrogen in the framework of the “EuWaK” (“Erdgas und
Wasserstoff aus Klargas” — “Natural gas and Hydrogen from Di-
gester Gas”) project [11]. The hydrogen generated from the di-
gester gas is used to provide power and heat to a school com-
plex, including a swimming bath, located close to the Bottrop
wastewater treatment plant. The EuWaK project thus repre-
sents the first large-scale engineering implementation of a
treatment plant converting digester gas to gaseous hydrogen
for extensive future purposes (PEM fuel cells), in combination
with natural gas as a bridging technology. By processing digest-
er gas to provide gas of the quality of natural gas and hydro-
gen, wastewater treatment plants can develop from pure dis-
posal companies into production companies for high-quality
energy sources.

As biomass and as a source of regenerative energy, the sew-
age sludge itself gains considerable importance to the realisa-
tion of wastewater treatment plants that are self-sufficient in
energy. The use of the sewage sludge in biomass power stations
associated with water management makes a significant contri-
bution to the production of its own energy. This does more than
allow a substitute for fossil fuels; it is also possible for the CO,
emissions involved in generating the energy required for mod-
ern wastewater treatment plants to be significantly and sus-
tainably reduced. If we bear in mind that, from the point of
view also of environmental protection, the primary goal is the
thermal exploitation of sewage sludge, the associated energy
generation plays a part that should not be overlooked. One
great advantage of wastewater treatment plants is the possibil-
ity of energy storage — as digester gas in existing gas contain-
ers, or as a sewage sludge fuel in stackable containers. This
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storage possibility, along with an intelligent coordination and
control of the very different plants, creates a “smart area net”
[12].

All the same, sewage sludge will still not be seen, either le-
gally or terms of material handling, in the same light as other
kinds of biomass, in particular biomass from agriculture. As a
result, it is compared unfavourably with agricultural biogas
plants, albeit for no comprehensible or substantive reasons.
This creates obstacles that get in the way of the intelligent uti-
lisation of the potentials for co-fermentation with other biolog-
ical residues that exist in the wastewater treatment plant diges-
tion tanks. They could be used to make significant additional
contributions to the regenerative production of energy in sim-
ple, safe, economical ways, in existing plants and with profes-
sionally competent personnel.

There is also an option for the future of significantly ad-
vancing the generation of energy in the plant itself on the ba-
sis of biomass that it has produced. In addition, the plant can
develop its own biomass as an energy source through breed-
ing microalgae in the wastewater treatment plant. Everything
that algae need (next to the sunlight needed for photosynthe-
sis, which can in some cases also be substituted by artificial
light) is available in wastewater treatment plants with nutri-
ent-rich wastewater. The additional biomass generated in
such microalgae systems can be exploited for energy in exist-
ing plants. This can considerably increase the energy yield by
the production of gas and its thermal exploitation. Microalgae
can moreover, process nutrients and other components of
wastewater, making a contribution to optimising the waste-
water treatment and to the elimination of certain specific
wastewater contents [13].

Perhaps the most direct form of exploitation of the energy
of wastewater is to use the wastewater heat. Depending on its
temperature and on a uniform temperature progression, waste-
water represents an ideal heat source for the operation of heat
pumps, which can be operated all year round with good effi-
ciency. Exploitation of wastewater heat using the heat exchang-
er principle is applied to sewer networks.

An analysis of potentials, and maps of available heat, are
important instruments for local utilisation [14].

4 The comparison with
the solid waste management

The examples illustrate how the principle of recycling man-
agement is becoming more important for the efficient utilisa-
tion and protection of natural resources in the management
of water and wastewater. This extends and supports the goal
of ensuring the protection of human beings and the environ-
ment when handling wastewater. These principles are, how-
ever, scarcely found in the legal foundations for wastewater
disposal, even though water regulations are fundamentally
oriented around the natural water cycle. At best, recycling
and resources management are mentioned peripherally in the
legal text.

On the other hand, the Recycling and Waste Management
Act of 24 February 2012 (legislation on the advancement of re-
cycling management and ensuring the environmentally sus-
tainable management of waste) has now brought in extensive
additional regulations. Whereas policies of disposal took cen-
tre stage in traditional waste management, waste is nowadays
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perceived as a recyclable material, a raw material and as a
source of energy, since waste can - like the contents of waste-
water — replace natural resources. As a result of the increasing
price of raw materials, and the limited availability of fossil en-
ergy sources, the significance of waste as a source of both raw
materials and energy has grown. Rather than waste disposal,
the exploitation of waste in material or energetic ways plays
the crucial role. The Recycling and Waste Management Act rec-
ognises this, and already expresses it, in that Section 1 of the
act defines recycling and resources management as the central
aim. This pushes to the fore the legislative aim of achieving a
sustainable improvement in environmental and climate protec-
tion, and the efficient use of resources through a reinforcement
of waste avoidance and through the recycling of waste. The
heart of the act, moreover, is the new, five-level waste hierar-
chy (Section 6 of the Recycling and Waste Management Act).
This lays down a sequence of levels, comprising waste avoid-
ance, reuse, recycling and other exploitation of waste includ-
ing for energy purposes, finishing with waste disposal. Priority
is given to the best option in each case from the points of view
of environmental protection and sustainability. For this reason,
technical, economic and social consequences must be borne in
mind, in addition to the ecological effects [15].

Waste and recycling management is thus aimed in the first
place at avoidance and at recycling. An important element of
the thinking surrounding recycling management is product re-
sponsibility (Section 23 of the Recycling and Waste Manage-
ment Act). According to this, whoever has developed, manufac-
tured, processed or sold products carries the product responsi-
bility for fulfilling the aims of recycling management. Products
should be designed as far as possible in such a way that their
manufacture and their use avoids the creation of waste, and so
that it is ensured that after use, the waste that is created can be
exploited or disposed of in an environmentally sound manner.
Precisely this standard raises the question of why product re-
sponsibility should come to an end, when the use of products
does not create solid waste, but creates instead wastewater
contents of a comparable type — according to Section 11 of the
statute, the more so as the principles of recycling management
apply to sewage sludge (such as bio-waste).

5 Prospects

It remains to be seen whether “wastewater treatment plants
are unexploited goldmines”, as asserted by the title of DIE
WELT online [15]. Nevertheless, it is now beyond doubt that
they do offer potentials for the recovery of resources and for
the production of regenerative energy.

Exploitation for energy is to a large extent possible with to-
day’s technical possibilities in existing water management
plants. Future technologies, such as hydrogen production and
fuel cells, could further reinforce this.

Even if the potentials for energy concerned are limited
when set against Germany’s total energy requirement, regener-
ative energy production and its direct exploitation in wastewa-
ter treatment plants can yet make an almost nationwide contri-
bution to the trend for decentralised energy revolution. It is
strategically significant that, as a result, wastewater treatment
plants can be perceived not only as disposal sites, but also as
components in the energy and raw material recovery system. It
is important that the exploitation of the energy potentially
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available in wastewater is supported politically and through
legislation, and not impeded by being burdened with levies and
taxes, or through discrimination when compared to agricultur-
al energy plants.

The recovery of valuable materials — such as precious met-
als — from the wastewater is, in contrast, not yet the “state-of-
the-art”. The work with appropriate technologies, which has al-
ready begun, should be continued, and linked more closely
with the topic of “elimination” of wastewater contents. More
in-depth investigations should aim to determine the potential-
ly usable quantities of valuable materials in wastewater more
precisely and with greater differentiation. Since no technically
or commercially convincing methods yet exist even for recov-
ering phosphorus, the storage of sewage sludge combustion
ashes in separate dumps, or ash dumps, is however a reasona-
ble approach to securing potential raw materials in the long
term.

In this context, however, it should also be remembered that
there is one vital difference between wastewater and solid
waste: If we ignore the potentials for exploiting the valuable
raw materials it contains, solid waste is, after all, “rubbish”: it
is a residue for disposal. Wastewater on the other hand consists
in the first place of an altogether valuable resource: water.
Even if, as a result of a range of valuable contents, the waste-
water is seen to have a greater value than it was accorded in
the past, the value of water is yet primarily determined by the
“uncontaminated water” that it contains.

To treat this in such a way that the fundamental resource
obtained can be returned again to the water cycle is the core
task of wastewater treatment as a component of recycling and
resources management. Processes for recovering other raw ma-
terials from the wastewater must therefore give priority to pu-
rifying, and maintaining the purity of, water resources. This is
for the protection of waterways, and of the living beings, in
particular people, who depend on them.

To the extent that it is helpful to pursue the ideas of the ma-
terial cycle and of resources management in water and waste-
water management more systematically, the legal regulations
of the water statutes must be scrutinised, and updated where
necessary. Especially in the light of modern solid waste legisla-
tion, we should consider whether an increased product respon-
sibility and a consideration of the life-cycle should not also cov-
er the contents of wastewater, in particular since it can be seen
as a raw material.

If the recovery of raw materials from wastewater is to play
a more important role in the future, then questions that are
presently discussed in the context of solid waste management
will also become relevant to wastewater management: the
question, for example, of who owns the valuable contents in
wastewater, which at present are only thought of as a prob-
lematic and costly contamination. This example illustrates
how the path from wastewater disposal to recycling and re-
sources management can scarcely be imagined without a
far-reaching paradigm change for the wastewater manage-
ment system.
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10 years of international DWA
resolution — an interim balance

Riidiger Heidebrecht (Hennef, Germany), Robert Schmidt (Munich, Germany)

and Gabriele Martens (Hennef, Germany)

The report describes examples of DWA’s internationally oriented
activities over the last 10 years, and is limited to a selection of
important projects. At DWA's federal conference in Wolfsburg in
2003, the general meeting passed a resolution on reinforced in-

1 Introduction

The principle of “International cooperation” (extract)

“The DWA has strengthened its international engagement. It
supports global targets for access to clean drinking water and
the creation of sustainable wastewater treatment plants. It al-
so supports the development and application of environmen-
tally friendly, resource-saving solutions for the waste manage-
ment sector. ... The multi-sided, and successful, experience de-
veloped in Germany should be made more internationally
available, and its use enhanced. ... The DWA supports the
economy’s international engagement. It collaborates in the for-
mulation of exhibition conference programmes, and supports
the exhibition companies in their engagement abroad...”

2 DWA committees

The BlIZ-11 Technical committee

The BIZ-11 International Cooperation Committee has existed
since 1988, and so celebrated its 25-year anniversary in 2013.
The committee began with DWA’s involvement in the organisa-
tion of IFAT. Originally started in 1956 as a DWA conference
event with an accompanying exhibition, it was taken over by
the Munich trade-fair company Messe Miinchen, taking on the
form of an exhibition with an accompanying conference.

Various working groups within the technical committee are
concerned with regional issues — south-east Europe for exam-
ple — and on particular topics, such as Expoval (dimensioning
of wastewater treatment plants in hot and cold climate zones)
and GAWN (German Alumni Water Network).

3 Internationalisation of standards
and regulations (SaR)

In the formerly strong national embossed SaR system Europe-
an and international standards (CEN and ISO) are gaining im-
portance. Since 1994, the DWA therefore involved in Europe-
an standardization and co-developed this as part of the “New
Approaches of the European Union”. These activities have been

en.dwa.de/journals.html

ternational engagement on the part of DWA. What has been
done? What goals is DWA pursuing? Why is this sector so im-
portant to the future? The article provides answers, and de-
scribes the strategy of DWA in this field.

necessary with the development of the European internal mar-
ket (single market) in order to harmonize methods of water
management proven in Germany with neighboring countries
and to be able to develop their own standards of efficiency and
environmental effects. Today, around 240 wastewater-related
CEN-standards form an integrated system of standards with the
rules of the DWA.

DWA supports its members in their foreign activities, acting
as a “door-opener”, and helps market entry through making
translated standards and regulatory documents available, not
only in English, but also in many other languages. More than
100 translated publications, mostly standards and regulations,
were available in 13 languages at the end of 2013, and the
number continues to rise.

4 The significance of exhibitions

IFAT

IFAT has developed into the world’s largest environmental ex-
hibition, and into an important marketplace for international
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activities, meetings and business for the members of DWA.
DWA is a partner of Messe Miinchen, which organises IFAT. It
organises a programme of conferences and seminars, technical
outings for exhibition visitors, welcomes delegations from
abroad, and much else.

Wasser Berlin International

DWA organises the international country forum at the biennial
trade fair Wasser Berlin International.

Messe Miinchen’s activities

In 2004, Messe Miinchen (MMG) organised the first IFAT Chi-
na, as an “offshoot” of the Munich IFAT, in Shanghai. DWA was
responsible for the technical/scientific conference programme,
which accompanies the exhibition. This event has taken place
annually since 2012, and has changed its name to IEexpo.
Working together with the National Engineering Research
Center for Urban Pollution Control at Tongji University in
Shanghai, a programme of conferences on four important top-
ic groups was planned and executed, as well as a “Young Wa-
ter Programme” for each of 100 student participants.

IFAT Mumbai

IFAT has taken place in Mumbai annually since 2013. It is
planned that in 2014, the exhibition will be accompanied by a
conference programme planned by DWA.

5 Young Water Professionals Programme (YWP)

Since 2001, a week-long programme of visits and outings to in-
ternational events in Germany for 50 young international engi-
neers or engineering students has been held, in most cases to
Wasser Berlin or to IFAT in Munich. More than 600 participants
from more than 50 countries have taken part in the programme
so far. The programme of exhibition visits has been enriched by
outings, conferences (Young Water Conference), career advice
sessions, and time spent in the “Young Water Lounge”.

6 Professional competition/
WorldSkills International

A conference was organised in 2013 on vocational training and
competence development with UNESCO/Unevoc at WorldSkills
Leipzig. German water management was represented at this
event with a demonstration competition.

7 Federal Ministry for Economic Cooperation
and Development (BMZ - Bundesministerium
fiir Wirtschaftliche Zusammenarbeit)

World Water Week

At World Water Week, which takes place annually in Stock-
holm, DWA appeared jointly with Messe Miinchen 2013. The
topic was cooperation in the water sector between UN organi-
sations and politics (Federal Ministry of the Environment, Fed-
eral Ministry for Economic Cooperation and Development, Ger-
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man Society for International Cooperation, KfW (govern-
ment-owned development bank), Federal Institute for Geo-
sciences and Natural Resources).

Cooperation with the German Society for International
Cooperation (Gl2)

In 2007 a cooperative project was begun with what was then
known as DED (German Development Service), resulting in
comprehensive training in preparation given to aid workers in
the water sector being sent to emerging and developing coun-
tries. This cooperation merged into the cooperation with the
GIZ. The collaboration with the InWEnt — Capacity Building In-
ternational was also integrated into this. A variety of measures
for international junior management in the water sector was
planned and executed.

8 Cooperation with UN organisations

Cooperation with the UN Water Decade Programme on Capac-
ity Development has been proceeding since 2008; this has re-
sulted in a variety of international activities, such as the Organ-
isation of International Water Loss Conferences, and appear-
ances at IFAT.

Joint events related to the internationalisation of profes-
sional education take place together with UNESCO Unevoc. A
common publication appeared in 2012: Skills Challenges in the
Water and Wastewater Industry.

Furthermore, the DWA supports selectively UNHABITAT Glob-
al Water Operators’ Partnerships Alliance (GWOPA) with the aim
to involve operators more into aid for developing countries.

9 Cooperation with the German Water Partnership
(GWP)

DWA assists on the advisory board of GWP as well as in a range
of regional forums, south-east Europe, for example. DWA man-
aged the Jordan/Egypt regional forum for some time. DWA is/
was active in the Turkey, China and India regional forums.
There was an increased engagement in the Capacity Develop-
ment working group. We refer to the publication of this work-
ing group: Capacity Development in the Water Sector — Ger-
man Experiences and Offers for Global Water Management
(Capacity Development im Wassersektor — Deutsche Erfahrun-
gen und Angebote fiir die Wasserwirtschaft weltweit).

Within the framework of a study trip organised by DWA,
delegations from Turkey visited various members of GWE who
arranged a topic workshop for the delegation.

The China regional forum organised a block of GWP-DWA
presentations in the exhibition forum for IE Expo 2013.

10 A few sample projects

DBU Poland/Czech Republic/Hungary

Between 1998 and 2002, the DBU (German Federal Environ-
mental Foundation) supported a knowledge transfer project
with the associations in Poland, the Czech Republic and Hun-
gary. Joint conferences and expert exchange trips took place;
regulatory documents were translated, as were specialist arti-
cles in the trade publications.

en.dwa.de/journals.html



ACWUA and Engicon

As a result of the existing cooperation with DWA member En-
gicon in Jordan and the marketing partner, it was possible to
hold 34 courses involving 545 participants in the MENA region
in 2012 and 2013. DWA prepared the trainers, ensured quality
and provided support on technical issues.

TCC Croatia

The training centre in Karlovac was supported by “training the
trainers”.

TBB Turkey

In 2006, technical trips to the German Water Management Or-
ganisation were organised for mayors from the Turkish Associ-
ation of Towns and Municipalities. TBB saw to the translation
of the German-English-Turkish technical dictionary.

GIZ Bangladesh

Cooperating with GIZ in Dhaka, the curriculum was developed
for a training programme for the qualification of personnel in
industrial wastewater treatment plants in the textile industry,
and was implemented as a pilot scheme. In addition, the Min-
istry of the Environment was advised about the requirements
for a sewage sludge directive.

Courses in English

@

The topics of “Membrane Technology”, “Project Cost Assess-
ment” and “Management in Wastewater Treatment Plants”
were amongst those handled in week-long seminars whose par-
ticipants represented an international clientele.

Technical safety management in Egypt

From mid 2009 on a quality management tool for water utili-
ties was developed by the Egyptian Holding Company for wa-
ter and waste water (HCWW) and GIZ with the support of
DWA and DVGW (German Technical and Scientific Association
for Gas and Water). The procedure of “Technical Sustainable

DWA international JEej!

Management” enables water- and wastewater plants to im-
prove their performance in organizational, safety and opera-
tional issues. Since 2010, more than 25 plants were successful-
ly certified in accordance with national standards and require-
ments.

International course on association establishment

In 2012, a course concerning the establishment of a water
management association was held for association representa-
tives from south-east Europe, including Albania, in order to re-
inforce the position of the associations in that region.

Delegations

Through customised programmes related to their particular is-
sues, a large number of international delegations were accom-
panied on excursions, or were prepared theoretically and guid-
ed in practice, to solve a range of organisational and technical
problems.

Teaching and learning material (DWA Didactic)

DWA offers the magnetic kits with educational material
related to wastewater treatment plants, biogas plants and the
environmental field, in various languages for use in further
education and training.

11 Commercial perspective

In the context of globalisation, DWA offers manifold support to
its internationally active members through its international ser-
vices:

Technical dictionaries in various languages
Participation in exhibitions at home and abroad

A large number of technical publications in English
Customised specialist programmes for delegations
Consultation and service in cooperative development

In 2013, orders were placed by more than 600 customers from
almost 50 countries abroad.
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12 Prospects

DWA's support to international education projects, e. g. for the
training of wastewater treatment plant personnel, is an impor-
tant contribution to environmental compatibility in emerging
and developing countries.

Collaborative projects have been entered into with techni-
cal associations abroad in order to reinforce international part-
ners, in order, for example, to internationalise standards and
regulations.

DWA supports the international IFAT exhibition at home
and abroad as a market opener.

13 Summary

Starting from initial, individual projects in the 1980s and
1990s, continuous activities related to products, projects and
exhibitions in the international arena have developed. There
continues to be demand from abroad for the translated stand-

ards and regulations and for other technical publications.
DWA's technical expertise contributes to development cooper-
ation projects for infrastructure development, for professional
further education and training and other capacity development
measures in south-east Europe and in the Middle East.
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Technical Sustainable
Management in Water and
Wastewater Treatment Plants

An Egyptian Experience

Adel Abotaleb, David Banner (Qena City-El Salheia, Egypt) and Ernst Doering (Cairo, Egypt)

TSM (Technical Safety Management) — is a system originally
developed by the German Technical and Scientific Association
for Gas and Water (DVGW) and the German Association for
Water, Wastewater and Waste (DWA) to support German wa-
ter utility companies in meeting their regulatory obligations
with a particular emphasis on safety standards and regula-
tions.

The TSM approach has been adopted, modified and cus-
tomised under the strategic direction of the Holding Company

KA Korrespondenz Abwasser, Abfall - International Special Edition 2014/2015

for Water and Wastewater (HCWW) in order to suit the specif-
ic requirements of the Egyptian water supply and wastewater
sector. The HCWW is the official Egyptian governmental body
with responsibility for 25 affiliated water and wastewater com-
panies throughout Egypt, and is being supported by the Ger-
man Development Cooperation through the GIZ Water and
Wastewater Management Programme (WWMP).

In the Egyptian context, it was felt that a wider focus of
TSM to include operation and maintenance, occupational
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health and safety, quality control/quality assurance and human
resource management would provide more benefits to the
overall operational sustainability of production and treatment.
In order to reflect this change from the DWA standard the offi-
cial name was changed to be Technical Sustainable Manage-
menty,,, or TSMy,,, for short. Another key strategic decision
was to specifically target TSMg,,,, at the plant and facility level
so that the plant management and staff become responsible for
the improvement processes prior to the inspection and thus
sustaining the requirements of TSM. This gives them greater
influence over the processes and also they will not be held ac-
countable for actions or inactions of others outside of their con-
trol. This is an important criterion for the formulation of appro-
priate requirements (questions) and guidelines during the
preparation phase.

In the meantime, and after three years of preparation and
implementation, TSMg,,,, has developed into a quality manage-
ment programme for HCWW facilities that is supported by the
DWA and is being applied in some 24 water and wastewater
treatment plants so far. The focus of the TSM certification is to
ensure that facilities comply with Egyptian laws, standards,
codes and regulations and this compliance can be sustained
throughout the validity period of the certificate, which is cur-
rently two years.

The TSM introduction started in 2008 with a comprehen-
sive review of relevant Egyptian laws, regulations and codes,
identification of key requirements within these articles that
were specific to the operation, maintenance, safety, human
resource, and quality control management of the facility.
These requirements were then tested against the core princi-
ple of TSMg,,, that any requirement and its associated actions
could be carried out and sustained at facility level by the man-
agement and operation staff. At the heart of the TSM,,,, pro-
cess is/are

a clear link to existing regulations, laws and codes — guid-
ing principle

guidelines to support the facility in meeting the require-
ments of the regulations and codes

identification of evidence to demonstrate compliance — also
contained in the guidelines

systems and procedures to ensure sustainability.

TSM,,, inspection (documentation review) at El Obour WTP, Cairo
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TSM,,,. Site inspection of the Chlorine Contact tank at Hehia
WWTP, Sharkia Governorate, Nile Delta

These requirements were then audited by expert groups and
the DWA/DVGW to check whether they were relevant, achiev-
able and could be sustained. Following revision and approvals
they were published via a series of workshops and training
events. Selected pilot plants then started the process of prepar-
ing themselves for inspection, typically over a 6-9 month peri-
od. DWA supported the inspection process by providing lead in-
spectors which then allowed for the training and authorization
of local inspectors by on-the-job training and assessment. This
resulted in initially five plants being awarded a TSMg,, certif-
icate and four inspectors being authorized to carry out inspec-
tions by the DWA. Up until this point TSMg,y, implementation,
inspections and programme administration was carried out by
members of the GIZ WWMP Subsequently, the capacity of the
HCWW was developed so that now the Holding Company is re-
sponsible for the entire TSM coordination and inspection pro-
cess.

Full responsibility for TSMg,,, development, inspections
and certification was transferred from GIZ/DWA to the HCWW.
The transfer started with establishing a TSM,,,, Inspection De-
partment within the HCWW, building their capacity, with the
support of a CIM expert, to develop additional inspectors by
training and attending inspections and certifying them through
the DWA. A further three inspectors are now available to con-
tinue the programme with a planned 50 inspections to be car-
ried out.

In the context of support to the TSM Inspection Depart-
ment, HCWW: GIZ provided support to assist the TSM Depart-
ment to obtain an ISO 17020 certificate. The Department is
currently working to fulfill the requirements of the ISO certifi-
cate through exercising the necessary procedures and forms of
TSMg,y,, that complies with the ISO 17020. Meanwhile, the
TSM Inspection Department has developed an implementation
guide for TSM,,,, to clarify the processes and procedures for
example; appointing new inspectors, the protocol for inspec-
tions, complaints against inspection decisions, etc. The TSM In-
spection Department is now managing the entire process from
receiving applications for inspections, arranging inspectors,
monitoring inspections, results and issue of certification and
most importantly follow up visits to plants that have previous-
ly received certificates to check standards are being main-
tained. A number of Inspectors meetings have been held to re-
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Technical Safety Management

Egypt

Improving work area safety — a major output of the TSMg,,,,
Dishna WTP, Qena, Upper Egypt

Improving safety of Alum Hoist, Dishna WTP, Qena, Upper Egypt

view and revise requirements and guidelines as a result of les-
sons learnt from carrying out inspections and to agree on the
TSMgy,,, guidelines. Currently, the total of 24 facilities has been
awarded certificates made up of 14 water and 10 wastewater
treatment plants.

The HCWW is now expanding the programme in two key
areas: support to plants and facilities by the O&M Sector,
HCWW to give guidance and technical support to plants pre-
paring for their inspection and the expansion of TSMgy, to cov-
er new areas of operation such as oxidation ponds and water
distribution networks.

During the first inspections it became clear that facility
management and staff needed more support in understanding
the requirements of TSMg,,,,, in many cases implementing new
processes and procedures and to interpret the guidelines to en-
sure they could demonstrate compliance. A programme of
workshops, training and knowledge transfer from inspectors to
the O&M specialists within the O&M Sector, together with
more involvement of staff from the affiliated companies ap-
pears to be having a positive effect with greater numbers of
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Securing the Chlorine Drum Store, Dishna WTP, Qena, Upper
Egypt

Guarding of pump/motor coupling, Dishna WTP, Qena, Upper
Egypt

River Intake flooring replaced, Dishna WTP, Qena, Upper Egypt

companies applying for inspections, sending their staff on ca-
pacity building measures and training. WWMP adopted two
different processes to facilitate transfer and exchange of expe-
rience and lessons learned among water and wastewater facil-
ities, 1) design and implement TSM,,,, web portal which will
be the platform for information exchange and cross fertilisation
among TSMg,,, users, 2) implement a neighbourhood pro-
gramme among water and wastewater facilities which is face
to face discussions and hands on lessons learned knowledge
transfer.

With the successful launch of TSMg,,, covering water and
conventional wastewater treatment facilities there is scope to
increase the coverage of processes that could be certified such
as large oxidation pond wastewater treatment and water dis-
tribution networks. The more water and wastewater processes
conform to Egyptian laws and regulations, greater aspiration
and confidence is being built in the affiliated companies.

The WWMB GIZ has carried out a feasibility check for using
the existing requirements and guidelines for conventional
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wastewater treatment plants on large oxidation ponds, many
of which are in operation or being constructed / commissioned
in Middle and Upper Egypt. A successful TSMg,,, inspection
was carried out in March 2012 at such a plant that demonstrat-
ed the existing requirements were flexible enough to accom-
modate different treatment technologies.

Water distribution networks are typically the most custom-
er facing facility of a water company with daily interactions
with customers, i.e. supply, pressure, leakage management, etc.
it makes sense to expand TSMyg,,,, to cover this important as-
pect of operations by linking an existing TSMy,,,, certified plant
with a certified network. A draft set of network requirements
and guidelines has been produced, revised and accepted
through TSM inspectors meetings. The Qena Company for Wa-
ter and Wastewater is in the process to apply for TSMg,, in-
spection to the first water transmission and distribution net-
work by the end of 2013.

Since 2008 the impact of TSMy,,, is measurable by proven
compliance with regulations, laws and standards, demonstrat-
ed improvement in facility management processes and proce-
dures and has been instrumental in building facility staff capac-
ities, knowledge and skills. Significant improvement in staff
morale and pride in their work has been noted together with
the commitment of the HCWW to take over responsibility for
the sustainability of the programme.

The most remarkable impact of this certification pro-
gramme has been the change in the attitude of the staff of
the certified facilities. This was clear during the follow up
verification inspections of some of certified facilities with vis-
ible improvements sustained, such as cleanliness of facilities,
high morale and adherence to management processes main-
tained.

Authors

Eng. Adel Abotaleb, Eng. David Banner

RODECO Consulting GmbH

on behalf of GIZ in the Egyptian —

German Water and Wastewater Programme

Qena Company for Water and Sanitation

Qena City-El Salheia, Egypt

e-mail: aabotaleb@rodeco.de, dbanner@rodeco.de
www.wwmp-egypt.com

Ernst Doering

Deutsche Gesellschaft

fiir Internationale Zusammenarbeit (GIZ) GmbH
Holding Company for Water and Wastewater (HCWW)
Water Treatment Plant, Corniche EI Nil —

Rod El Farag Cairo, Egypt

e-mail: ernst.doering@giz.de

KA Korrespondenz Abwasser, Abfall - International Special Edition 2014/2015


mailto:aabotaleb@rodeco.de
mailto:dbanner@rodeco.de
http://www.wwmp-egypt.com
mailto:ernst.doering@giz.de

36 |

Application Report

Step by step forward

to the ideal sewage

The sewage plant Kaiserslautern (Germany) has succeeded in sig-
nificantly reducing both, the sewage duty and the energy costs for
the generation of process air for the aeration basins, in three
steps. Thanks to the reduced sewage duty resulting from the basic
changes of the aeration basins in the year 2008, the modification
costs of 1.3 million EUR had been amortised after only three
years. The replacement of the two existing turbo compressors
against two new Aerzen rotary lobe compressors of series Delta
Hybrid led to an additional energy saving of approx. 13 % of pro-

At the sewage treatment plant Kaiserslautern (design capacity
210,000 PE, amount of wastewater approx. 60,000 m3/day)
until 2008 the wastewater flew through the three rectangular
cascade basins (total volume 22,500 m3) with upstream deni-
trification (fig. 1). Aeration was effected via fine bubble mem-
brane aeration disks, 42 agitators in addition arranged for re-
circulation of the wastewater and six turbo compressors gener-
ated the process air in two groups:

® 3 turbo compressors for basins 1 and 2 (blow-in depth 4 m)
High pressure 0.4 to 0.45 bar, max. delivery quantity each
10,000 Nm3/h,

® 3 turbo compressors for basin 3 (blow-in depth 6 m)

High pressure 0.6 to 0.45 bar, max. delivery quantity each
5,000 Nm3/h.

The turbo compressors, each one of them a redundancy unit,
were calculated in 1996 within a dimensioning of the sewage

g

Fig. 1: Aeration basins in Kaiserslautern
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plant

cess air generation. Since then, the entire energy consumption per
month could be reduced from approx. 250,000 to only 140,000
kWh. During field test, it is investigated whether the energy effi-
ciency can still be improved any further by the replacement of ad-
ditional turbo compressors — however, this time against the turbo
blowers of the new Aerzen series AT Turbo Generation 5’ provid-
ed with air bearings. Some first results represent another annual
savings of energy, amounting to approx. 60,000 EUR and less
maintenance costs of approx. 15,000 EUR per year.

plant on occasion of the installation of the third cleaning stage.
They worked with a constant pressure regulation and already
demanded approx. 45 per cent of the entire energy require-
ment of the sewage plant. Measuring probes in the basin en-
sured the optimal air supply, pressure and quantity were con-
trolled by the regulation organs in the compressors. Distribu-
tion to the basins was realised by iris diaphragms in the piping
system. The originally used turbo compressors with slide- and
antifriction bearing type of construction do not correspond an-
ymore to the current state of the art for some time now. They
work with upstream gearbox and a three-phase asynchronous
motor with fixed speed. The plants are very big and cause ex-
tensive maintenance work.

Step 1:
Modification of aeration basins

In 2008 in the three aeration basins a completely new process
and aeration concept was realised with an expenditure of 1.3
million EUR. Since then, the wastewater flows through the
basins according to the principle of plug flow. Furthermore,
the membrane aeration disks were replaced by fine bubble
working membrane plate aerators made by Rudolf Messner
Umwelttechnik. These measures improved the value for the
parameter N ¢, from 13.0 to 10.4 mg/1 of the purified waste-
water led into the adjacent river Lauter. Solely by a consider-
able reduction of the energy costs the total investment of 1.3
million EUR would have paid back already after four years
only. In addition, the amount of the sewage duty reduced du-
rably, and beyond that the measure could be balanced with
the sewage duty.

After modification of the basin the process air is not entered
anymore by means of constant pressure, but depending on de-
mand load and time-dependent. The ventilation is operated by
a slide pressure control and a coordinated control technology.
Due to these measures the energy requirement for the process
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Fig. 2: Compressor hall

air generation already reduced by approx. 40 per cent, due to
the additionally no longer necessary 42 agitators even to ap-
prox. 58 per cent. As a consequence, the existing turbo com-
pressors, especially at the lower performance limit, were di-
mensioned considerably too large, so that costly electrical en-
ergy was wasted. Therefore, first of all, they determined new
required volumes and performed additional practical tests.
They even considered the deconstruction of the turbo compres-
sors to smaller capacities. Finally, they wanted to replace two
turbo compressors by smaller positive displacement blowers,
which should work in combination.

Step 2:
Two new rotary lobe compressors

“After having contacted several bidders, in early 2010 we ex-
changed two old turbo compressors, but not against conven-
tional positive displacement blowers, however, against two
Aerzen rotary lobe compressors, of the at that time new Delta
Hybrid series, as they convinced us by their technical data,
their low energy requirement and very positive references. Aer-
zen units have already been well-known to us, as they have al-
ready worked in several sewage plants, which are operated via
a subsidiary company”, explains plant manager Joachim Stei-
del. (Fig. 2 shows the compressor hall, fig. 3 an Aerzen com-
pressor) The oilfree compressing Delta Hybrid units are an ide-
al combination of the advantages of positive displacement
blowers and screw compressors. Lower pressure systems with
an innovative twisted piston profile tend to use blowers,
whereas higher pressure systems with a special 3+4-screw pro-
file tend toward the screw compressor. They are convincing by
a considerably improved energy efficiency and offer energy
savings up to 15 per cent, low maintenance and service costs,
high reliability and a robust bearing design (service life 60,000
operating hours). In October 2010 the following packaged
units were installed:

® for basins 1 and 2 (pressure range 0.4 to 0.45 bar)
1 Delta Hybrid packaged unit, type D75L (maximum capac-
ity 4,100 Nm3/h),

® for basin 3 (pressure range 0.6 bar)
1 Delta Hybrid packaged unit, type D62S (maximum capac-
ity 3,001 Nms/h).

en.dwa.de/journals.html

L d 37

Fig. 3: Aerzen turbo compressor

In the assigned basins both units covered the base and low load
requirement, in case of higher requirement the available turbo
compressor started. Due to this exchange of two fifteen years
old turbo compressors against two Aerzen Delta Hybrid rotary
lobe compressors Delta Hybrid the energy expenditure for gen-
eration of the activation air immediately reduced by 13 per
cent every year.

Step 3:
New turbo blower

An intensive examination of the frequencies of required quan-
tities in basins 1 and 2 showed, that the exchange of the large
turbo compressors used (delivery volume 10,000 Nms3/h)
against a unit meeting the demands will lead to further ener-
gy savings. Therefore, at the end of 2012 they decided for a
field test, for which Aerzener Maschinenfabrik supplied a tur-
bo blower of the new ‘AT-turbo Generation 5’ series. This new
series had been introduced for the first time at the IFAT 2012.
This unit (delivery volume 6,000 Nm3/h) covered the most
frequent operational range between 5,000 and 6,000 Nm3/h
on its own. For low-load operation below 4,100 Nm3/h they
used the Aerzen rotary lobe compressor series Delta Hybrid
which had already been installed in 2010. In case of a re-
quirement of more than 6,000 Nm3/h both units work syn-
chronously. This field test is to provide a reply to the follow-
ing question:

® Can an Aerzen AT-turbo Generation 5’ in combination with
an Aerzen rotary lobe compressor series Delta Hybrid fur-
ther improve the energy efficiency of the process air gener-
ation of the sewage plant?

Aerzener Maschinenfabrik has further developed the technolo-
gy of the speed-controlled turbo blowers with air bearings to a
new unit concept “Generation 5”. This new concept had been
inspired by the proven primary products Delta Blower positive
displacement blowers and Delta Hybrid rotary lobe compres-
sors with their modular system and the various customer ad-
vantages. The new turbo blowers AT-Turbo Generation 5 are
available in the following performance ranges:

® Volume flows:17 to 220 m3/min (1,000 to 13,200 m3/h)
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® Pressure range:400-1,000 mbar, higher pressures upon re-
quest

The new AT-turbo blowers “Generation 5” distinguish them-
selves by a further improvement of energy efficiency, low main-
tenance and service costs, high reliability and longevity by ab-
solutely oil-free, contactless and vibrationfree air foil bearings.
They work very quiet, can be installed space saving by means
of side-by-side installation and are very operator friendly due
to the integrated touch-screen control system. On these units,
for the first time, the warm exhaust air can be blown off via a
special flange. This “intelligent” side effect means for the oper-
ator: cool working spaces, no unnecessary warming of the aer-
ation basins, and free exhaust heat if needed.

Ideal process air generators for compound systems

With these new turbo blowers series AT-turbo Generation 5’
Aerzener Maschinenfabrik has realised the production of pro-
cess air for biologically working sewage plants offering the
highest possible energy efficiency and security of supply. As a
rule the process air requirement of a sewage plant can only be
realised by a combination of various machine types with var-
ious capacities, which can be defined as ideal base and peak
load units due to their constructive features and performance
ranges. The physical advantages of turbo machinery (high ef-
ficiency of the design point) can be perfectly combined with
the advantages of rotary piston machines (high controllabili-
ty and the good efficiency, also in part load operation). Here,
the units of the new controllable series AT turbo Generation
5 prove the ideal base load generators. As optimal generators
of peak and low load requirement Aerzen supplies the con-
trollable positive displacement blowers series Delta Blower
and the controllable rotary lobe compressors series Delta Hy-
brid.

Additional energy savings of approx. 60,000 EUR
every year

“It is a fact, that the energy efficiency of the process air gener-
ation is continuously optimised”, explained sewage plant man-
ager Thorsten Jung in January 2014 and referred to the al-
ready available data of the field test and to calculations on the
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basis of the data of the combination of Aerzen units presently
used for basins 1 and 2. The two Aerzen Delta Hybrid rotary
lobe compressors, which are available since 2010 and accord-
ing to Joachim Steidel and Thorsten Jung have proved success-
fully up to now, are kept available for all three basins as con-
jointly working redundancy units. But they are also planning to
use an additional Delta Hybrid unit in basins 1 and 2 for cov-
ering the low load requirement. Based on the current knowl-
edge the planned concept with the three new turbo blowers
and the two Delta Hybrid rotary lobe compressors available
since 2010 could once again considerably improve the energy
balance of the process air generation by means of energy sav-
ings of approx. 60,000 EUR every year. In addition, due to the
operation of exclusively new units the maintenance costs will
reduce by approx. 15,000 EUR. Therefore, the operators expect
a payback period of at most five years.

In the meantime, further sewage treatment plant opera-
tors are interested in the new concept realised in Kaisers-
lautern and the relevant good experiences. As successful ser-
vice provider Wasser-Versorgung-Energie GmbH (WVE
GmbH) Kaiserslautern, a subsidiary company of the munici-
pality of Kaiserslautern, based on their own experiences, of-
fer to other companies active assistance for all questions of
water supply and wastewater disposal. The services of WVE
include the competent advice concerning optimal process air
generation, the optimal entrapped process air up to complete
solutions as for example the conversion of aeration basins to
pipe /plug flow. On request WVE, as a general contractor, ar-
ranges for the modification of sewage plants and guarantees
for energy saving and discharge values. Basis of this knowl-
edge is extensive data collection and intensive evaluation of
the actual state for determining the optimal packaged unit for
each application. In general, the combined operation of the
Aerzen turbo blowers and rotary lobe compressors clearly
proved, that the combination of both machine technologies
can improve the energy efficiency of the process air genera-
tion in a sewage plant considerably.

Author

Norbert Barlmeyer
PR for compressed air technology
Bielefeld, Germany

en.dwa.de/journals.html



Products and Services

Tested long-term performance of fine-bubble diffusers

A current scientific study from Universi-
ty of California, Los Angeles confirms the
efficiency of the aeration technology de-
signed and manufactured by Aquacon-
sult in Austria.

A team of experts lead by Prof. Mi-
chael K. Stenstrom from the University of
California, Los Angeles (UCLA) studied
the performance of Aerostrip®-strip
shaped fine-bubble diffusers. They were
installed in a 100,000 PE sewage treat-
ment plant in Bremerton (USA). The
unique aspect was that the totals of 280
aerators with a size of 300 X 15 cm
placed on the basin floor have already
been operating continuously for more
than eleven years. The studies are a part
of a paper on the efficiency of different
aeration systems which have been pub-
lished in December 2012.

The result for the 11-year old fine
bubble diffuser system with a minimal
sludge age (from one to six days) they
function better than all previously tested
fine bubble diffusing systems with a com-
parable application time, and way better
than many new other “classical” systems.
Evaluation of oxygen transfer efficiency
via off-gas testing was performed to eval-
uate the performance. During continu-

Kemira DesinFix® wins a WEX Global Award 2014

Kemira DesinFix, the halogen-free disin-
fection concept for water and wastewa-
ter streams, has won the WEX Global
Award in the category “Innovation in
Water and/or Wastewater Management”
during the WEX Global Summit 2014 in
Madrid, Spain. WEX, short for Water and
Energy Exchange, presents the award to
recognize innovation in the realization of
sustainable water and/or waste water
management. It honours projects or pro-
grams of water management which dis-
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play excellence in developments related
to sustainable water management in an
urban environment.

The prize was presented to Patricia
Aubeuf-Prieur, Kemira’s Project manager
for DesinFix, by Miguel Angel Sanz, Di-
rector for Development and Innovation
at Degrémont.

DesinFix is an environmental-
ly-friendly disinfection system that is
suitable for all types of wastewater, raw
water and storm water flows. The halo-
gen-free technology kills sustainably all
bacteria, fungi and viruses, and is at the
same time insensitive to high contents of
suspended solids or iron concentrations
in the water. Furthermore, the compact
equipment allows quick installation at a
comparatively low investment.

The WEX organization arranges
worldwide high-profile conferences in
the areas of water and energy. The annu-
al highlight is the “WEX Global Summit”,
which brings together the world’s lead-
ing organizations in the water sector.
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ous operation, a collecting hood is placed
on the water surface. Analysis of the ox-
ygen percentage in the collected gas al-
lows the scientist to draw conclusions
about the operation and efficiency of aer-
ation system. The oxygen yield in the
waste water was 3.3 %,/m blow in depth,
with an « value of 0.5.

In pure water, an average yield of ap-
prox. 6.6 % per metre of blowing depth
was achieved. After cleaning with a sim-
ple high-pressure water blast, the bubble
pattern of the aerators could be consider-
ably improved and the oxygen usage
could be increased to 7.3 %/m. Those
were only 10% less reduction in oxygen
transfer efficiency compared with brand-
new Aerostrip diffusers.
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Self-Healing Membrane

When talking about the operation of
waste water treatment plants using MBR
technology, factors like energy savings,

reduction of the chemical demand or
minimization of the total costs of a plant
are of major interest. Besides these, one
criterion is becoming increasingly impor-
tant. The membranes built into sub-
merged modules and installed in a
wastewater treatment plant have to be of
the highest quality in order to ensure,
amongst others, the compliance with in-
ternational water standards when look-
ing at effluent quality and turbidity.
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A damaged membrane is one of the
worst things that can happen to an oper-
ator of a waste water treatment plant
and respectively to the manufacturer of
the membrane module. Screw drivers or
other tools falling into the filtration
chamber of a plant, damaging the mem-
branes severely, are not a rare event.

Microdyn-Nadir is proud to announce
that the BIO-CEL® sheet which re-

New cationic powder flocculants

BASF has globally launched a new ul-
tra-high molecular weight cationic pow-
der flocculant range with Zetag® ULTRA
for solid/liquid separation in industrial
and municipal waste water treatment.
Zetag® ULTRA has been developed com-
bining BASF’s long-standing application
expertise in water solutions with its ex-
tensive polymer research know-how, fo-

Visit our homepage

presents the core part of the BIO-CEL®
MBR module by Microdyn-Nadir has a
self-healing mechanism. Due to its sand-
wich-like and self-supporting structure
the membrane “heals” itself even though
it might be damaged considerably (deep
scratches, cut edge etc.) and closes any
scratch or cut immediately.

Several tests have proven that, even
under worst case conditions, such as very

cusing on specific customer requirements
while considering environmental as-
pects. Zetag® ULTRA complements the
existing BASF flocculant range to better
serve future equipment trends in the de-
watering market.

Because of its effective bridging ca-
pabilities, Zetag® ULTRA shows ad-
vanced dewatering performance. It of-
fers strong floc integrity to withstand
high shear forces which makes it espe-
cially effective for the use in centrifuge
applications as well as for dissolved air
flotation.

“Today industrial and municipal wa-
ter treatment plants are challenged to
achieve maximum performance under
increasing cost pressure.” says Marcus
Fuest, Global Industry Marketing Water
Solutions. “Zetag® ULTRA has proven its
excellent performance in a variety of ex-
tensive plant trials worldwide. Our cus-
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low MLSS (mixed liquids suspended sol-
ids) concentrations and immense damag-
es of the sheet, the BIO-CEL® module of-
fers turbidity values which are compliant
with existing international regulations
for water reuse.
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tomers report that cake solids of dewa-
tered sludge increased in average by
15%. Other customer cases show a sig-
nificant dose saving of up to 20%. Fur-
thermore the centrate has an improved
capture rate. Zetag® ULTRA is the ulti-
mate fit to answer our customers’
needs.”

The new high performing flocculants
allow waste water treatment plants oper-
ating more efficiently and effectively.
The molecular architecture of Zetag® UL-
TRA offers customers a clear cost advan-
tage through operational cost savings.
The achieved higher cake solids are envi-
ronmentally beneficial as less energy is
required for transportation, disposal and
incineration, which has a positive impact
on the carbon footprint of the treatment
facility.
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