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T H E  H A M B U R G  W A T E R  C Y C L E ®

Further information about the HWC can be found on 
the Internet at www.hamburgwatercycle.de or can 
be obtained from HAMBURG WASSER. 

1.2 Why this handbook is needed

The novelty of the HWC with its vacuum system for 
blackwater drainage applies to all stakeholders and 
requires good coordination between planning and 
execution of the construction project in the Jenfelder 
Au. This handbook is intended to appeal to all stake-
holders and has the goal of: 

•	 remedying	information	deficits	regarding	the	
functioning of the sewage system in the HWC.

•	 eliminating	reservations	about	a	different	sanitary	
technology.

•	 providing	instructions	on	planning,	construction	
and installation.

•	 ensuring	the	quality	of	construction	work	and	to	
make it transparent.

 
Taking heed of the recommendations should help to 
avoid faulty construction and eventual redressing of 
these faults and to ensure living comfort in the long 
run. 

The HAMBURG WATER Cycle® (HWC) is a holistic ap-
proach to sewage disposal and energy supply in ur-
ban areas. In the process, the water and energy infra-
structure sectors are considered to be interlocking 
and complementary fields of activity. This protects 
the valuable resource drinking water and simultane-
ously helps to use wastewater to generate energy. 
Furthermore, material circulation cycles in the direct 
living environment are closed. The most important 
component of the HWC is the so-called partial flow 
treatment of waste water. Rainwater, sewage from the 
toilet (blackwater) and wastewater from kitchen and 
bath, e.g. from washing hands or laundry (greywater) 
are separated from one another and processed differ-
ently. In order to make it possible to utilise the valu-
able resources (nutrients and energy) contained in 
blackwater, in addition to separate drainage the least 
possible dilution with rinsing water is required. This 
is made possible by the use of vacuum toilets. HAM-
BURG WASSER, the water supply and disposal com-
pany for the Hanseatic city of Hamburg and the met-
ropolitan region, has created an innovative concept 
for wastewater management with the HWC which is 
both adapted to the changed conditions of the 21st 
century and groundbreaking for the future. The HWC 
was realised for the first time in the "Gut Karlshöhe" 
environmental centre in Hamburg where it serves as 
a reference and training project. In the nearby "Jen-
felder Au" urban district in the east of Hamburg, the 
experiences gained there are transferred to the larger 
scale of the Jenfelder Au with about 2500 inhabitants. 
In 2013, the Jenfelder Au was the reference project 
of the International Building Exhibition IBA Hamburg. 
Furthermore, the HAMBURG WATER Cycle® won the 
Innovation Award 2013 of the Association of Munici-
pal Enterprises e.V. in the category "Water/wastewa-
ter" and was the "Place of Distinction 2013/14" of the 
nationwide "Germany - Land of Ideas" competition.

1.1  Introduction 

1 The HAMBURG WATER Cycle® in the Jenfelder Au
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Analogue to conventional wastewater disposal, in 
the Jenfelder Au each individual responsibility is also 
regulated. While HAMBURG WASSER is responsible 
for sanitation in public areas beyond the property 
boundary (Figure 1), responsibility for the property 
lies with the respective owner. The interface of re-
sponsibility is the property boundary, i.e. all installa-
tions between the property boundaries, the building 
and inside the building (pipes, inspection equipment 
(shaft) etc.) must be provided by the property owner 
and kept in a technically flawless condition. The hand-
book gives recommendations for the installations in 
the private area of responsibility, i.e. from the vacuum 
toilet to the interface at the property boundary.

1.4  Interfaces and system boundaries

Figure 1: Drainage responsibilities in the Jenfelder Au
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1.3  Notes on the handbook

Often, the term "vacuum" is used for "negative pres-
sure". Although this is not entirely accurate for the 
drainage system described here, the term "vacuum" 
is used throughout this handbook for readability pur-
poses. The pressure specifications given in the hand-
book are expressed as absolute values in units of kPa. 
In addition, in parentheses, the unit bar, as negative 
pressure in relationship to atmospheric pressure, is 
given.
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1.5 The stakeholders addressed by the handbook

Chapter Owner/ 
investor

Architect/ 
planner

Specialist  
planners/  

HVAC companies
Users

1 The HAMBURG WATER Cycle® in the 
Jenfelder Au

2 Function of a vacuum drainage 
system

3 Planning and construction instruc-
tions

 3.1 Installation example

3.2 Space requirements and 
      connections

3.3 Soundproofing

 3.4 Installation and layout

 3.5 Leak testing

4 Usage

Since the content of this handbook addresses differ-
ent stakeholders, the table of contents is subdivided 
as an aid for the essential stakeholders. 
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V A C U U M  D R A I N A G E  S Y S T E M

Planning options:
In contrast to conventional drainage, a high degree 
of creative freedom when laying the pipes is possible. 
This allows architects and builder/owners a great deal 
of flexibility in pipeline layout when planning their 
buildings. Thus, the pipeline layout can be executed, 
for example, parallel to the fresh water pipe regard-
less of downpipes and gradient, as well as – due to 
the significantly smaller pipe diameter – even laying 
the pipeline in suspended ceilings. Due to gradient-
independent installation, the use of auxiliary lifting 
systems is no longer necessary, as the lifting of waste-
water is possible due to the system (see Chapter 3.4).

This chapter explains the fundamentals of vacuum 
drainage in detail. The toilets used do not differ visu-
ally in design from conventional toilet facilities for 
the resident in any way. In contrast to conventional 
sanitation however, blackwater (toilet waste water) 
is sucked away by negative pressure and also trans-
ported away by means of it. 

2.1 Advantages of the system

The benefits of using a vacuum drainage system 
range from the construction and installation stages 
to cost savings for the user.

2 Function of a vacuum drainage system

Figure 2: Examples of installation for vacuum pipes in the building

Cellar

Ground floor/first floor 
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tinues via the piping system to the house connections 
or the individual sanitary objects. The negative pressure 
in the houses can only be interrupted or turned off by 
the shutoff at the property boundary or in the main un-
derground pipe of apartment buildings. At the transfer 
point, a minimum negative pressure of 70 kPa (p = -0.3bar 

relative) is guaranteed. As soon as the flushing button on a 
toilet is pressed, the toilet valve opens via a control sys-
tem and the blackwater, together with approx. 60 litres 
of air, is transported in surges to the vacuum station. 
From the vacuum station, the blackwater is transported 
to the treatment station by means of pumps (see Figure 
3).

The transport of the two media, blackwater and air, can 
be explained in a simplified way by means of a water 
pocket. By laying the vacuum pipe in sawtooth profile 
(see Figure 4), a water pocket is formed at the deepest 
points of the surge sections which completely closes 
off the pipe system before pressure can be equalised 
with the rest of the pipeline. The movement of the wa-
ter phase within the pipeline is caused by the pressure 
difference in front of and behind the water pocket, with 
the higher pressure behind the water pocket pushing it 
over the slope in the direction of the vacuum tank. The 
transport speed of the blackwater during this state can 
be up to 5 metres per second and is thus significantly 
higher than in conventional drainage systems.

As soon as the water pocket no longer completely closes 
the pipe, a pressure equalisation takes place in front of 
and behind the water pocket, whereupon the driving 
force is suspended. To avoid such a situation, the men-
tioned deepest points are installed when laying the 
transport pipes inside and outside the building, which, 
due to a shallow incline, serve as collecting pockets for 
forming the water pocket and thus allow separation of 
the two pressure phases. As a result, height differences 
can be easily overcome.

Saving water:
Even with the use of modern water-saving toilets, 3 to 
6 litres of drinking water on average are used per flush. 
Through vacuum drainage, this consumption can be 
reduced to about 1 litre per flush. The saving in water 
consumption is therefore obvious. In addition to the wa-
ter supply cost, this also reduces household wastewater 
charges.

Aspects of sustainability
The low water consumption of the vacuum toilet creates 
a highly concentrated wastewater which can be treated 
both more cost effectively and more environmentally 
friendly with new cleaning techniques. For instance, bi-
ogas is produced when treating the wastewater which 
can be used to generate energy. Furthermore, resources 
that it contains such as phosphorus and nitrogen can be 
recycled and used as fertiliser.

2.2  Functional operation of the vacuum sewer system

When using conventional sanitary technology, the 
discharge of the waste water takes place by means of 
gravity. The basic requirement is the height difference 
in the transport route, i.e. the incline of the pipeline 
specifies the transport direction. The main difference 
between vacuum drainage and gravity drainage is that 
the entire piping system is under constant negative 
pressure. Due to the special routing of the pipes and the 
pressure difference between the toilet and the vacuum 
pump, the wastewater is transported in the direction 
of the central vacuum station. The driving force is the 
pressure difference between the atmosphere and the 
pipe system. The heart of the vacuum system for build-
ing drainage is the vacuum station, which is located in 
the Jenfelder Au on the HAMBURG WASSER premises. 
In this station, consisting of wastewater tanks, vacuum 
pumps and sewage pumps, a negative pressure of 40-
70 kPa (p = -0.4 to -0.7bar relative) is generated, which con-

V A C U U M  D R A I N A G E  S Y S T E M



7

V A C U U M  D R A I N A G E  S Y S T E M

Figure 3: Functional diagram of a vacuum drainage system (simplified)

Figure 4: Transport processes of an underground vacuum pipe
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Der HAMBURG WATER Cycle: 
Getrennte Leitungssysteme für Grau- und Schwarzwasser sowie Rückhalte�ächen für Regenwasser
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Figure 5: Site plan of the Jenfelder Au with work yard
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In the Jenfelder Au, the vacuum drainage system con-
sists of three independent branches, all of which end in 
the vacuum control station at the HAMBURG WASSER 
work yard. There, the vacuum is generated by 6 pumps 
and the blackwater is collected in the vacuum tank. 
From here, the blackwater is fed to the treatment plant.

The location of the work yard in the Jenfelder Au can be 
seen in the map (Figure 5).

2.4  How a vacuum toilet works

The negative pressure applied in the pipeline system 
continues into the houses to the individual sanitary el-
ements. The separation of the vacuum system from the 
atmosphere is executed via valve units in the toilets, 
which are pneumatically controlled. The flush button, 
shut-off unit and water valve are the main components 
of a vacuum toilet. The user initiates the flushing of the 
sanitary unit via the flush button, whereupon the valve 
unit opens automatically, usually parallel timewise to 
the opening of the water valve. Blackwater is trans-
ported towards the vacuum station via the pressure 

difference in relationship to the atmosphere described 
in Chapter 2.2. In addition to the blackwater, a defined 
amount of air, approx. 60 litres, is sucked into the sys-
tem. This air volume allows the transport process of the 
blackwater regardless of the gradient of the vacuum 
pipe described in Chapter 2.2. After approx. 1.5 sec-
onds, the valve unit closes automatically. After complet-
ing the process, similar to conventional systems, a small 
amount of flush water is refilled as a deposit (Figure 6). 
The time sequence and amount of water flushing and 
the structural design and position of the valve and ac-
tuator unit are manufacturer-dependent.

The difference to conventional flush toilets is clearly vis-
ible here – a smaller drain opening (diameter 32 - 42 mm) 
and, depending on the manufacturer, a different arrange-
ment of the flushing devices.
 
2.5  Available models and manufacturers of vacuum 
toilets

When using the vacuum drainage inside buildings, spe-
cial requirements are placed on the technical design of 

V A C U U M  D R A I N A G E  S Y S T E M

Figure 6: Functional diagram of a vacuum toilet
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V A C U U M  D R A I N A G E  S Y S T E M S

A permanent exhibition in "Gut Karlshöhe" shows vividly how the HAMBURG WATER Cycle® closes cycles.

the toilets. However, visually, the available toilet bowls 
differ only slightly from those of conventional drainage. 
Depending on the manufacturer, both floor-standing 
and wall-hung toilets are available in various designs. 
In addition to versions in porcelain, versions in stain-
less steel or plastic are also available. The rear outlets 
are usually arranged horizontally, but vary depend-
ing on the manufacturer. An overview of the common 
manufacturers for vacuum toilets is shown in the table 
on the following page. Various toilet models have a type 
approval from the German Institute for Construction 
Technology. Further information can be requested from 

the manufacturers or suppliers. Various vacuum toilets 
are in operation in the Karlshöhe environmental centre 
as demonstration objects, as well as a demonstration 
container to illustrate the technical principle of opera-
tion. This can be gladly visited on request at HAMBURG 
WASSER.
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In the test facility for vacuum toilets, owner/builders and planners are individually advised by  
HAMBURG WATER

V A C U U M  D R A I N A G E  S Y S T E M
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Figure 7: Branch diagram of a vacuum drainage system for a building

The chapter planning and construction instructions is 
primarily addressed to the participating architects/plan-
ners and specialist planners/HVAC companies. In con-
trast to conventional sanitary technology, custom pipe 
layouts and smaller space requirements increase plan-
ning possibilities. Nonetheless, improper planning and 
execution can result in a reduction in living comfort and 
high costs due to any necessary conversion measures 
or system failures. Blockages due to incorrectly selected 
pipelines or incorrect installation as well as a neglect of 
the special requirements for sound insulation can lead 
to a failure of the toilet facilities as well as a high noise 

level throughout the building. The following instruc-
tions must therefore be observed in order to maintain 
the comfort of living and to avoid cost-intensive conver-
sion measures.

3.1  Installation example 

To illustrate installation in buildings, an example of a 
branch diagram for installation in the bathroom and 
sanitary area is shown in the following figure; installa-
tion in the kitchen area is not shown for reasons of sim-
plification.

3 Planning and construction instructions

P L A N N I N G  A N D  C O N S T R U C T I O N  I N S T R U C T I O N S

Blackwater

Greywater

Shaft with
inspection facility

Apartment 2

Apartment 1

Cellar

Inspection shaft  
for greywater

ShutoffGreywater pipe
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ments for fixing the bowl, for the vacuum and water 
connections as well as valves and control units should 
be mounted on the frame and can be connected to the 
toilet. When choosing the installation frame, it should 
be considered that it is height adjustable and can be 
adapted to the respective floor structure. The manufac-
turers of the vacuum toilets offer system-compatible 
installation frames for simplified installation, which are 
adapted to the respective type of toilet. Manual adapta-
tion of conventional installation frames is discouraged 
due to the considerable additional effort. The required 
connections for the installation of the vacuum toilet for 
pneumatically operated toilets are the vacuum pipe, 
whose outlet should normally be directed downwards, 
as well as a water supply pipe (take the manufacturer's 
instructions into account). For technical maintenance 
or cleaning of the valves and control units, access to 
the components is only possible via the relatively small 
wall openings and the operating unit which, on some 
models, requires disassembly of the toilet bowl. Ad-
ditional, larger inspection openings are usually not 
provided for, since neither the architect nor the home-
owner consider these inspection flaps in a tiled wall of 
the toilet as attractive. Nonetheless, it is highly recom-
mended to have a control port for each vacuum toilet.  

3.2  Space requirements and connections

3.2.1  Inside the building

A separate vacuum pipe is required for drain-
age of the vacuum toilets. The dimension  
of these pipes within the building is usually DN 50 to 
DN 75 (see Chapter 3.4.2, pipe dimensions). The dimen-
sioning of the greywater pipeline for wastewater from 
sink, shower, etc. can be sized correspondingly smaller 
due to the lack of toilet wastewater. It must therefore 
be taken into account that two pipes must be laid for 
drainage within the building (greywater and blackwa-
ter). When fastening the pipes in the shaft, rubberised 
retaining clips should also be used to ensure sound insu-
lation (see Chapter 3.3). The regulations of DIN EN 1986 
apply to the laying of greywater pipes as gravity pipes. 
In contrast to the conventional toilet system, vacuum 
toilets do not require a separate water cistern. Due to 
the required vacuum valves and control units, however, 
the space required by the toilet including its frame is 
comparable to that of a conventional toilet. Depending 
on the manufacturer, installation frames are offered for 
the installation of the toilets. These installation frames 
allow a simple and quick installation as a wall installa-
tion. The alignment and fixing of the frame is done on 
the floor and the wall, as in conventional toilets. All ele-

P L A N N I N G  A N D  C O N S T R U C T I O N  I N S T R U C T I O N S
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Figure 8: Possible layout scheme of the black and greywater pipelines within an installation shaft
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Figure 9: Inspection device, house connection pipe

P L A N N I N G  A N D  C O N S T R U C T I O N  I N S T R U C T I O N S

•	 Constructive	measures,	 i.e.	 during	 the	 execution	 of	
installations

Soundproofing requires a certain level of experience 
in planning and installation. Retrofit sound insulation 
measures are usually only possible with great expense 
and effort and often do not achieve the desired effect. 

3.3.1  Sound sources in building technology

When flushing a vacuum toilet, blackwater and air are 
transported in the direction of the vacuum station. 
Here, all affected components such as the armatures, 
valves and the pipeline are set in vibration, which is 
radiated via the room air (airborne sound), passed on 
through components (structure-borne sound) and 
thus perceived as disturbing noises.

Structure-borne sound
Solid bodies which are brought into vibration are sub-
ject to so-called structure-borne noise. During a flush-
ing process this affects the sanitary elements made of 
porcelain, metal, etc., all attachments such as valves, 
check valves i.a., as well as the pipelines. The velocity of 

3.2.2  Outside the building

The installation of an inspection device on the prop-
erty in the house service pipe is technically neces-
sary and also required by the Hamburg Sewerage Act 
(HmbAbwG). The inspection facility installed in a shaft 
allows access for inspection and cleaning purposes of 
the house service pipe (Figure 9). The constant accessi-
bility of this inspection device must be given and also 
granted to employees of HAMBURG WASSER for inspec-
tion purposes. The inspection device (shaft/manhole) 
must not be covered by surfacing materials (pavement, 
asphalt, etc.) or otherwise built over and impeded.

Due to the shut-off element on the property boundary 
(see Figure 1), separation of the vacuum pipe and an ab-
sence of vacuum is possible.

3.3  Soundproofing 

The overriding goal of providing housing is to give 
people a place where protection, well-being, health 
and relaxation are paramount. Acoustic shielding of 
operational noises and the technical equipment from 
both one’s own rooms as well as to one’s neighbour is 
an important aspect of this goal. Structural sound insu-
lation therefore requires a high degree of expertise in 
sound propagation in buildings, both from the plan-
ners and from the contractors. Therefore, the conse-
quences of deliberate or negligent disregard of the ap-
plicable legislation for sound pressure level according to  
DIN 4109 Sound Insulation in Building Construction and 
the consequent possible depreciation of the object are 
considerable. In addition to the regulations regarding 
general requirements in building construction, there are 
designated chapters on the topic of sanitary installation 
– in particular Supplement 2 of the above-mentioned 
Standard – to be considered. Sound insulation in build-
ing construction for sanitary facilities thus extends over 
both areas:

•	 Coordinative	measures,	i.e.	layout	of	living	spaces

Inspection upper section
1

2

9

10

3

4

5

7

6

8

1  Inspection upper section

  2 Riser 
3  T-piece
4  E-sleeve
5  Rubber cap
6  Endcap
7  Locking clip
8  Bolt guide
9  Manhole cover

 10 Concrete paving stones
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P L A N N I N G  A N D  C O N S T R U C T I O N  I N S T R U C T I O N S

be immediately adjacent to rooms with sanitary instal-
lations or arranged under sanitary facility rooms. The in-
stallation of toilets on an apartment interior wall which 
adjoins a bedroom is acoustically unfavourable. When 
laying out several apartments, it makes sense to arrange 
installation walls opposite one another, e.g. on the 
apartment or house partition walls. Examples of acous-
tically favourable or unfavourable arrangements can be 
found in DIN 4109.

According to a soundproofing expert opinion from 
AKUSTIK BERATUNG, the following planning param-
eters are recommended for the sound insulation of 
vacuum toilets and other shafts/manholes with sew-
age pipes:

•	 All	 WCs	 and	 vacuum	 pipes	 are	 to	 be	 
arranged on heavy solid structural elements. The re-
quired area-related mass of the solid walls is at least 
500 kg / m2 in the case of direct adjacency to a neigh-
bouring apartment (single-shell apartment partition) 
and at least 300 kg / m2 with indirect adjacency to 
a neighbouring apartment, e.g. for in-house walls or 
double-shell apartment partitions. The said mass is 
achieved with a sand-lime brick masonry wall with a 
thickness of at least 17.5 cm and a stone bulk density 
of 2000  kg  /  m3 or a reinforced concrete wall (bulk 
density 2500  kg  /  m3) with a thickness of at least 
12  cm.

•	 Small	 area	 breakthroughs	 through	 the	 above-
described internal walls with dimensions of up to 
H  x W  =  20 x 30 cm directly above the raw ceiling 
(bottom edge = SSL) are permitted in terms of sound 
insulation.

•	 Installation	 of	 "standard"	 sockets	 and	 switches	 into	
the above-described internal walls is permitted with 
regard to sound insulation.

•	 The	 ducts	 of	 the	 vacuum	 pipes	 through	 the	 floor	
slabs must be structure-borne sound decoupled and 
executed with the aid of suitable fire barriers.

•	 Shafts/manholes with vacuum pipes lead exclusively 
through ancillary rooms. Rooms for permanent resi-
dence are to be kept free from these shafts.

•	 All	vacuum	pipes	must	be	covered	with	sheathing	to	

propagation is significantly higher in solid bodies com-
pared to air and almost immediate for materials such as 
metals. A typical example of this is the so-called impact/
footfall sound, wherein the solid body in the form of the 
shoe sole generates vibrations that propagate through 
the substrate. Structure-borne sound is not directly au-
dible, but is perceived when a solid body e.g. a pipe, a 
wall or a fitting stimulates the surrounding air through 
its vibrations and also sets it in motion.

Waterborne sound
This behaves similar to structure-borne sound. Pipe 
walls can be caused to vibrate, the vibrations of which 
are transmitted via sound bridges, such as pipe clamps, 
or through contact with the masonry or construction 
elements such as ceilings or walls. Since considerable 
turbulence can form in vacuum pipes, sound transmis-
sion from pipe walls must be avoided by constructive 
measures.

Airborne sound
Vibrations of air (sound waves) spread throughout the 
room air, penetrate the eardrum in the ear and are thus 
perceived as noise. A unit of measurement for airborne 
sound is the decibel (dB). If this airborne sound strikes 
solid bodies, such as walls or objects, it partly bounces 
back (reflected), is subdued (absorbed) or causes the 
body itself to vibrate, which in turn generates airborne 
sound. The proportions vary depending on the materi-
als and dimensions. Thus, for example, tiled walls in the 
bathroom reflect the airborne sound particularly well, 
while soft building materials such as felt and rubber 
or furniture and textiles (curtains, towels, etc.) absorb 
sound waves more.

3.3.2  Coordinative measures and arrangement 
of living spaces

Requirements for sound insulation according to 
DIN 4109 cannot be met by the installer of the sanitary 
facilities alone. Thus, already during building planning, 
measures for sound insulation must be taken into ac-
count, such as choosing acoustically favourable floor 
plans, e.g. vulnerable rooms (bedroom etc.) should not 
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Figure 10: Use of sound insulating pipe clamps to reduce the sound propagation 
of piping
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pipes is mainly generated by the mechanical action of 
the air-water mixture during transport. Thus, high forces 
occur at bends or changes in direction through the wa-
ter jet, which bounces off or is diverted onto the pipe 
inner wall.
The forces arising should always be taken into ac-
count, since the resulting vibrations, in addition to the 
clearly audible pressure surges, can also lead to struc-
tural damage to the pipelines or nearby structural ele-
ments. Acoustically-insulated pipe fittings are therefore 
necessary in all areas in which a diversion of the water 
flow occurs, in order to avoid substantial vibrations of 
the pipe. In addition, fasteners should be used in areas 
where there are branches or junctions of connection 
pipes. Suitable supports for securing, depending on the 
pipeline material and the dynamic load, should also be 
provided.

The use of hydrodynamically-efficient fittings is also 
sound-insulating, i.e. separating 90° bends in two 45° 
bends, or the use of a 45° inlet instead of a blunt right-
angle (90°) inlet. This type of layout installation is also 
mandatory for vacuum drainage (see Chapter 3.4.4).

Drink water and drainage pipes are to be installed 
soundproofed in front of the wall. To this end, structure-
borne sound-insulated pipe clamps should be used 
and structure-borne sound bridges should be avoided. 

prevent direct contact between the pipe and clad-
ding.

•	 Shaft/manhole	 cladding	 is	 to	 be	 executed	 with	 a	
2-layer planking of increased-density gypsum boards 
on metal substructure and a 60 mm insulating layer. 
The installation of medium-sized installations e.g. 
fans, water meters and electrical installations is per-
mitted.

•	 Inspection	openings	and	other	openings	in	the	gyp-
sum plaster cladding are only permitted in the con-
nection area in the immediate vicinity of the WCs.

According to the manufacturer, the total noise level in 
approx. 1 m distance when operating the vacuum toilets 
is about 76 dB (A). The highest levels occur at a frequen-
cy of approx. 4 kHz. The airborne sound radiation of the 
vacuum WCs is thus slightly higher than the airborne 
sound radiation of conventional toilets and the noise 
has a different frequency composition than the noise 
of conventional WCs. With regard to the sound trans-
mission in neighbouring apartments this is not critical. 
Measures to reduce the sound propagation may be use-
ful to reduce the noise in one´s own living area.

3.3.3 Measures in sanitary engineering

When laying and installing pipelines inside buildings, 
special attention must be paid to proper sound insula-
tion. If installed improperly, there may be a strong de-
velopment of noise throughout the home. Today, the 
generation of noise can be reduced to a minimum with 
professional installation of the pipelines and connecting 
elements. This also applies to the use of vacuum drain-
age, whereby the effects of insufficient consideration of 
sound insulation can have significantly more serious ef-
fects than in gravity pipe laying. The reason for this is the 
higher mechanical load within the pipe system, caused 
by a significantly higher flow rate of the wastewater.

In order to avoid structure-borne noise, the vibration 
of solid bodies must be reduced and transfer to other 
structural elements avoided. The natural vibration of the 

Pipeline
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Figure 11: Example of a pipe clamp (without hanger bolt for mounting in masonry) and example of sound-
insulated attachment of a pipe to an upright

When mounting pipes using clamps, they must always 
be provided with a sound-absorbing rubber insert. They 
also should not be tightened excessively to prevent 
the transmission of structure-borne noise through the 
clamp to the masonry. We recommend special sound-
proofing fittings here. In the case of pipes without 
changes of direction, fastenings (pipe clamps) shall be 
provided every 1.25 m for plastic pipes and with a maxi-
mum spacing of 1.75 m for steel pipes, unless the manu-
facturer specifies otherwise.

In addition to the natural vibration of the pipe, the struc-
ture-borne noise of the pipeline and the sanitary instal-
lation must also be prevented from being transmitted 
to surrounding structures such as the masonry. The top 
priority is therefore to provide acoustically decoupled 
assemblies, i.e. to avoid the contact of the two solids 
from the outset by ensuring that system components 
and masonry/ceilings never touch. Thus, openings must 
be closed with mineral wool or similar and shafts must 
be clad with sound-absorbing material. Simultaneously, 
fire protection must be taken into account. Here, the 
avoidance of sound bridges such as square timbers, 

nails or incomplete or gaps in insula-
tion is important.

The installation of sewage pipes on 
walls to rooms which require sound 
insulation (living rooms and bed-
rooms) should be avoided.

When attaching the toilet bowl, at-
tention must be paid to acoustic 
decoupling. Thus, sound insulation 
must be fitted between the tiled 
front wall and the toilet bowl e.g. 
soundproofing matting or similar 
and the retaining bolts must be pro-
vided with sound insulation sleeves.

3.3.4  Important instructions for 
planning and acceptance

In order to comply with the permissible sound pres-
sure level, detailed pre-planning of the sound insulation 
measures, which must be handed over to the contractor 
at the conclusion of the contract, is necessary. With re-
gard to the installation of sanitary facilities, they must at 
least contain the following binding specifications:
•	 Determination	of	 a	 sound-insulated	pipeline	 layout	

taking into account the location of wet rooms and 
rooms requiring acoustic protection.

•	 Information	on	changes	of	direction	of	the	pipes	car-
rying waste water.

•	 Information	 on	 the	 arrangement	 of	 the	 installation	
walls as well as evidence of the area-related mass of 
the installation walls.

•	 Information	 on	 acoustic	 decoupling	 of	 sanitary	 
facilities (toilets, urinals), installation systems (e.g. 
wall-mounted installation) and the pipe fittings.

•	 Information	about	additional	measures	to	reduce	the	
transmission of structure-borne noise.

In the performance specifications, all components nec-
essary for the fulfilment of sound insulation require-
ments must be tendered in detailed type and extent. 

P L A N N I N G  A N D  C O N S T R U C T I O N  I N S T R U C T I O N S
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Proof of sound insulation product testing, installation 
information or installation instructions should be re-
quested from the manufacturer.

As a rule, by compliance with the requirements of DIN 
4109, in particular Table 10 (see Table 1), and the use of 
equipment and fittings whose quality and suitability is 
tested and marked accordingly pursuant DIN 4109-11 
Proof of Soundproofing, no structural acoustical meas-
urement is necessary.
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Table 1: Maximum permissible sound pressure level in rooms in need of protection from technical installations  
pursuant DIN 4109/A1 Table 4

Noise source Type of rooms in need of protection

Living and sleeping rooms Teaching and working rooms

Characteristic sound pressure level db (A)

Water installations
(Water supply and sewage 
plants together)

 < 30 a < 35 a

Other household service facilities < 30 < 35

Operation from 6 am to 10 pm < 35 < 35

Operation at night from 10 pm to 6 am < 25 < 35

a) Isolated, short-duration peaks which occur when operating the valves and devices (opening, closing, switching, 
      interrupting and similar), are not not to be considered at this point.
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tion according to DIN 4109, such as living rooms and 
bedrooms, children's rooms, work rooms/offices and 
classrooms/seminar rooms. To attach the pipeline, cor-
responding sound decoupling systems must be used, 
e.g. pipe clamps with a sound-absorbing rubber insert 
and possibly wall breakthroughs with non-combustible 
mineral wool. Here, very high quality pipe fittings espe-
cially suitable for vacuum pipes should be used.

Fire protection:
The generally applicable fire protection regulations 
must be observed. In the case of penetrations between 
fire compartments using combustible (PE) pipes, the 
usual sealing-off regulations must be taken into ac-
count. This is e.g. sheathing with fire protection mats 

3.4  Installation and layout 

The fundamental standard is DIN EN 12109 "Vacuum 
drainage systems inside buildings". The same regula-
tions apply to the installation of vacuum pipes as for 
gravity drainage, but are extended by the following 
instructions. Sound insulation requirements for build-
ings must be taken into account in accordance with DIN 
4109.

3.4.1  General instructions for sound and fire protection

Soundproofing: 
The main requirement is that the drainage pipes should 
not be attached to walls of rooms in need of protec-

Table 2: Compilation of the pipe materials to be used for vacuum drainage in buildings

Type of pipe and  
material

HD-PE
SDR 11 / PE 100

PVC-U
Hard, fixed lengths

Stainless steel
Plug-in socket pipe

Stainless steel
Plug-in socket pipe

Stainless steel
fixed lengths

Minimum operat-
ing pressure PN 16 PN 10 PN 5 PN 3 PN 10

Standards,  
approval marks

DIN 8074
DIN 8075
DIN EN 12201

DIN 8061
DIN 8062
DIN EN 15493

DIN EN 1123-2
DIN EN 10305

DIN EN 1124-1
DIN EN 1124-2 DIN 2463

Connection type Electrical  
welding fittings Adhesive fittings

Plug-in connection 
with special vacuum 
seal

Plug-in connection 
with special lip seal

Threaded 
flange,  
welding

Table 3: Pipe diameter of vacuum pipes in buildings depending on the connected toilets

Nominal 
diameter

HD-PE
SDR 11 / 
PE 100

PVC-U
Hard, fixed 
lengths

Stainless steel
Plug-in socket 
pipe

Stainless steel
Plug-in socket 
pipe

Stainless steel
fixed lengths Pipeline type Number of 

vacuum toilets

DN 40 50 x 4.6 63 x 3.0 53 x 1.5 50 x 1.0 60.3 x 2.0 Single con-
nection pipe max. up to 10

DN 70 75 x 6.8 75 x 3.6 73 x 1.6 75 x 1.0 76.1 x 2.0 Main collec-
tion pipe max. up to 40

DN 80 90 x 8.2 90 x 4.3 89 x 1.6 82 x 1.0 88.9 x 2.0 Main collec-
tion pipe max. up to 55

P L A N N I N G  A N D  C O N S T R U C T I O N  I N S T R U C T I O N S
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Figure 12: Examples of pipe clamps with elastic inserts for pipeline attachment

3.4.3  Marking of the pipes

All blackwater pipes must be marked with a clear and 
consistent marking. This can be a brown longitudinal 
strip in the pipe material or a clearly visible marking at 
regular intervals. The use of blue or yellow marking col-
ours is not permitted.

3.4.4  Pipe fixing

Pipes must be securely fastened with clamps. Analo-
gous to the measures from Chapter 3.3.3 or DIN 4109, 
steel clamps with an elastic insert between the clamp 
and the pipe must be used. It must be ensured that the 
pipes cannot be damaged by vibration or thermal ex-
pansion. Fixed pipes must not have any play inside the 
clamps. Clamps must be attached whenever the flow di-
rection changes. When connecting a lift pipe to an over-
head pipe, a clamp attachment must be installed both 
downstream from the toilet and under the ceiling. Steel 
pipes without changes of direction are to be fastened 
with a clamp at a distance of 1.75 m and plastic pipes at 
a distance of 1.25 m. Clamps for pipe protection are also 
to be provided before and after changes of direction.

and plasterboard or the installation of pipe bulkheads 
(fire protection sleeves or fire protection packings). The 
free cross sections of pipe penetrations must be closed 
with fire protection mortar.

3.4.2  Pipe materials and dimensions

Only pipe materials and connections may be installed 
which demonstrably have a permanent operating vac-
uum of 50 kPa (p = -0.5bar relative) and have a corrosion 
resistance that is stable against mechanical stress. In 
Table 2 and Table 3, the pipe materials to be used and 
their diameter are summarised. If plastic pipes are used, 
the fire protection regulations (cf. Chapter 3.4.1 Fire pro-
tection) must be observed. The differences between the 
different plastic materials are to be considered.

For pipe materials with solid connections (e.g. welded 
sleeves) one can fundamentally assume vacuum suit-
ability. For flexible connections (plug-in or clamp con-
nections), the pipe or connection manufacturer must 
provide information on the suitability for vacuum.

P L A N N I N G  A N D  C O N S T R U C T I O N  I N S T R U C T I O N S
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Figure 14: Connection of pipes

3.4.5  Horizontal pipe layout

The laying of pipes in vacuum drainage systems exhibits 
some special features in comparison to gravity drain-
age which must be observed to ensure proper function. 
These are listed below with regard to a laying arrange-
ment.

➜ Horizontal pipes inside buildings must be layed 
 in the suction direction with a minimum
 gradient of 1:200 (0.5%). 

➜ The pipe diameter may not be reduced in the  
 suction direction.
 

3.4.6  Pipe connections

Pipe connections must be air and watertight. The joints 
must be smooth and must not reduce the pipe cross-
section. For all connections, it must be ensured that no 
edges, burrs or gaps are created at the abutting edges 
of the components. Furthermore, the joint faces must 
be cut and fitted perpendicular to the pipe axis (see 
Figure 14).
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Gradient min. 0.5 %

Without gradient possible if return flow is prevented

➜

➜

The pipes must be cut to 
length using a pipe cutter

The pipes must be pushed 
all the way into the 
connector

The cut interfaces of the 
pipes must be at right an-
gles (90°) to the pipe axis

➜

Horizontal pipeline layout

Figure 13: Horizontal pipe layout of vacuum pipes
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HDPE with HDPE 
HDPE pipes are connected by means of an electric weld-
ing sleeve. Joints created by mirror welding should be 
avoided due to the formation of beads in the pipe at the 
weld. Before joining, the inner edges of the pipes to be 
joined must be milled. The welding temperature and the 
contact force and time must be observed in accordance 
with the regulations of the material used. Mirror weld-
ing should only be used on prefabricated components 
where the possibility of reworking (deburring) exists. In 
the case of these components, any burrs and ridges that 
may have formed absolutely must be removed after the 
mirror welding inside the pipeline, since otherwise they 
could lead to blowback during the suction process and 
the formation of deposits. Therefore, the electric weld-
ing sleeve method is the obvious preference.

PVC with PVC
PVC pipes are connected by means of an adhesive 
sleeve. For cut pipe sections, the interfaces must be 
cleaned and deburred before bonding.

Stainless steel with stainless steel
Pipes made of steel can be connected either by welding, 
by means of a flange or by means of a plug-in socket sys-
tem. Any resulting burrs after welding inside the pipe-
line must be removed. In plug-in socket systems, both 
pipe ends must be cleaned, provided with a lubricant 
and stuck together. Retaining clamps for securing are to 
be mounted upstream and downstream from the con-
nection.
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Figure 15: Electrofusion joints for HDPE pipes

Figure 16: Connection of PVC pipes using adhesive sleeves

Clean pipe ends

Apply lubricant

Push pipe pieces all 
the way in to the stop

Slightly pull apart the pipe 
sections

Figure 17: Connection of pipes by means of plug-in socket system
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Figure 19: Examples of changes of direction of steel pipes 
Left: 2 x 45°; Right: 90° elbow

3.4.7  Wall breakthroughs

Breakthroughs in the masonry must always be closed 
with mineral wool or similar and lined to absorb sound. 
Fire protection must be taken into account. It is impor-
tant to avoid sound bridges such as square timbers, nails 
or incomplete or gaps in the insulation.

3.4.8  Changes of direction

Change of direction must be executed with a large ra-
dius of curvature. For plastic pipes, a 90° change of di-
rection must be made from two 45° elbows. Elbows can 
also be used for steel pipes, where the minimum radius 
is 3 x d.

Only elbows with sufficient radius or elbows with 45° 
bends may be used. Elbows that are more than 3 metres 
from the vacuum toilet or the wastewater collection unit 
must be designed as 2 x 45° bends, or the radius of cur-
vature must be greater than 2.5 times the pipe diameter.

Wall element

Insulation

Blackwater pipe

Figure 18: Example of a sound-insulated pipe penetration through a wall

16. Oben: Rohrformstücke zur Verwendung in Unterdrucksystemen
Unten: Formstücke und Abzweigungen, die nicht in Unterdrucksystemen eingesetzt 
werden dürfen

88° round elbow 
only permitted 
directly at the toilet

88° elbow

45° angle 45° junction

88° junction crosspiece

✔ ✔

R= 3 x d

d

1.5
 x 

d (m
in

)45°

45°

d

16. Oben: Rohrformstücke zur Verwendung in Unterdrucksystemen
Unten: Formstücke und Abzweigungen, die nicht in Unterdrucksystemen eingesetzt 
werden dürfen

88° round elbow 
only permitted 
directly at the toilet

88° elbow

45° angle 45° junction

88° junction crosspiece

✔ ✔

R= 3 x d
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1.5
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in
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Figure 20: above: Pipe fittings for use in vacuum systems below: Pipe fittings and junc-
tions that must not be used in vacuum systems
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3.4.9  Connection of several pipes

Secondary branches must generally be fed to the collec-
tion pipe at an angle of 45° in the suction direction (Fig-
ure 21). 90° inlets (T-piece) or right-angled connections 
are not permitted. When connecting to a horizontal col-
lection pipe, secondary branches must be fed into the 
collection pipe at an angle of 45° in the suction direction 
above the pipe centre axis.

When connecting a secondary pipe to a downpipe, in-
stall the connecting pipe at an angle of 45° (Figure 22). 
If there are two connection pipes opposite one another, 
these must be connected offset to one another (see Fig-
ure 22).

3.4.10  Connection to the vacuum system

The installation and connection of a vacuum toilet are 
based on the installation instructions of the respective 
manufacturer. HAMBURG WASSER provides a negative 
pressure of at least 70 kPa for operation at the transfer 
point at the property boundary (p = -0.3bar relative).

Generally, the vacuum toilets should be connected from 
above to a horizontal single or collective connection 
pipe laid with a slight gradient (0.5%) which opens into 
a downpipe.

View from above

Feeder from above

Endcap

Feeder from the side

Figure 21: Connections to a horizontal collection pipe

45°

Figure 22: Connections of two connection pipes to a downpipe
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Figure 23: Regular toilet connection to a horizontal collection pipe
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Figure 24: Connection of toilets from above and below to separate horizontal collec-
tion pipes

The connection of toilets from above and below to a 
common horizontal collecting pipe is not permitted 
because of the danger of backflow; In this case, two ad-
ditional horizontal pipes are required (Figure 28). Each 
toilet is to be provided with its own lift pipe (riser), the 
connection of one or more toilets to this vertical lift pipe 
is not permitted.

The connection of lower lying toilets by a horizontal col-
lecting connection pipe to a higher lying vacuum pipe 
is not permitted.

3.4.11  Shut-off valve

As already explained in Chapter 3.2.2, there is generally a 
shut-off in the house service pipe on public land; usually 
directly at the property boundary (see Figure 1). These 
shut-off devices may only be operated by employees of 
HAMBURG WASSER.

In multi-family homes each branch (e.g. downpipe) 
must be provided with an additional shut-off, so that 
diversion of individual drainage areas is possible (Fig-
ure 7).

Each vacuum device (toilet or urinal) should be able to 
be individually shut off.

Shut-off valves must be through-valves (slide, dia-
phragm or ball). Butterfly valves or valve gate valves 
are generally not to be used in vacuum technology. 
The valves must be arranged so that the operation of 
the rest of the system is ensured in the event of a de-
fect or leakage. Shut-off valves must also be installed in 
each collection pipe. If possible, a shut-off valve should 
be placed at the base of a downpipe in the vertical 
part. In this position, a possible deposit upstream from 
the shut-off valve cannot easily cause a malfunction.
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Cellar

Ground floor/first floor 

Figure 25: Inadmissible connection of vacuum toilets to a collection pipe

Figure 26: Example of the arrangement of a shut-off device at the base point of a 
downpipe
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3.4.13  Installation of the vacuum toilets

Wall-mounted vacuum toilets are usually mounted 
on installation frames. This enables a quick method of 
mounting for house construction. These installation 
frames are placed in front of the solid wall, aligned 
and fixed to the floor and wall. All elements for fixing 
the toilet bowl, flush water connections and vacuum 
pipes should be attached to the frame. The stem/lin-
ing wall can be attached directly to the frame and 
clad. It is highly recommended to use the installation 
frames offered by the toilet manufacturers. Some com-
panies offer these frames not only for mounting the 
toilet, but also as a device carrier for important main  
elements, such as valves, control and shut-off units.

Depending on the manufacturer, the water flushing is 
triggered via conventional touch plates or via manu-
facturer-specific release buttons. The water flushing 
is triggered pneumatically via the system-dependent 
vacuum.

3.4.12  Inspection openings

Inspection openings should be arranged so that each 
point in a pipeline can be reached with an inspection or 
cleaning device. The maximum distance between two 
openings may be 25 metres. 15 metres is recommend-
ed. Inspection openings should therefore be attached to 
the following sections:
•	 At	the	end	of	horizontal	pipes
•		 At	the	top	of	downpipes
•		 At	transport	pockets
•		 At	90°	changes	in	the	direction	of	downpipes	when	

moving into a horizontal pipe section
•		 At	25	metre	intervals	in	horizontal	pipes.

The control openings must always be located above a 
pipe, otherwise sediments deposit upstream from the 
openings and make accessibility difficult. The inspection 
openings must be screwed in or be provided with oth-
erwise secured caps (e.g. retaining clips). Rubber plugs 
may only be used if they have sufficient long - term re-
sistance to embrittlement since they can cause leaks 
over time (see Chapter 3.5).
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Figure 27: Examples of the arrangement of inspection openings



28

The distribution of the flush water is via flush jets. For 
most manufacturers the connection of the vacuum toi-
lets to the vacuum pipe takes place via transition rub-
ber connectors. To achieve satisfactory tightness of this 
fastener, careful installation without tilting or twisting of 
the components is required. Otherwise, long-term leaks 
cannot be ruled out.

Depending on the manufacturer, the flush water is dis-
tributed either via rinsing edges, as common in con-
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25 – 30 m

Transport pocket

Figure 28: Connections to a horizontal collection connection pipe

L = > 1 m

Obstacle

ventional toilets, or via flushing jets. The connection of 
the vacuum toilets to the vacuum pipe is performed by 
most manufacturers using transition rubber connectors. 
To achieve satisfactory tightness of this fastener, careful 
installation without tilting or twisting of the components 
is required. Otherwise, long-term leaks cannot be ruled 
out. 

3.4.14  Special case: transport pockets

•	 In longer horizontal vacuum pipes, transport pock-
ets with a cleaning opening must be installed at 
the latest after 25-30 metres to ensure unhindered 
transport (see Chapter 2.2). The number of transport 
pockets should be adapted to local conditions (Fig-
ure 28).

•	 Transport	pockets	 can	also	be	used	 to	avoid	obsta-
cles such as cable trays, crossing pipes, ventilation 
ducts. The sum of all suction heights/risers should be 
as low as possible, but not more than 3 metres! The 
pipe fittings from Chapter 3.4.4 (45° bends) are also 
to be used for transport pockets.

•	 If	an	obstacle	with	a	width	of	less	than	one	metre	has	
to be bypassed, undercrossing is easily possible. No 
additional transport pocket is necessary.

•	 If	an	obstacle	more	 than	one	metre	wide	has	 to	be	
bypassed, an additional transport pocket is required.

•	 Example of a transport pocket with cleaning opening. 
The minimum length of the transport pocket should 
be 4 x D.

25 – 30 m

Transporttasche

Endcap

45°

min. 400 mm
max. 1.000 mm
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L = > 1 m

20. Berum etur? Qui ipisquaecab intur magnihici te esectem

21. Berum etur? Qui ipisquaecab intur magnihici te esectem

Hindernis

Flow direction 0.5% gradient
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3.4.15  Special case: risers

With the help of the vacuum, the blackwater can also be 
lifted via lift pipes (risers). When using lift pipes, the fol-
lowing instructions must be observed. 

➜ If the lift height is less than 1 metre, lift pipes can be 
installed everywhere. However, these pipes should 
preferably run vertically, but can also be otherwise 
routed if need be.

➜ Lift pipes over 1 to max. 2 metres difference in height 
must be arranged vertically. Backflow prevention 
must be performed by superelevating the pipe at 
least three times the pipe diameter (> 3 x D) or by 
installing a non-return valve.

 Lift pipes with a difference in height of more than  
2 metres are to be avoided, as this can hinder the 
flow rate in the house due to excessive pressure loss.

➜ If toilets are connected via a lift pipe to a horizontal 
collecting pipe, then the secondary pipe must also 
be connected from above with a connection angle 
of 45° to the collecting pipe. The lift pipe may not 
be changed in diameter. An expansion of the con-
nection is only permitted at the confluence with the 
horizontally running collection connection pipe.
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Figure 29: Deployment of risers
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Figure 30: Arrangement of the test device during the leak test

3.5  Leak test and test report

The tightness of the vacuum system is an essential pre-
requisite for a trouble-free and economical operation of 
the entire system. An unintentional entry of air through 
leaks causes increased running time of the vacuum 
pumps, which means higher energy consumption. Fur-
thermore, the additional air entry causes an increased 
formation of deposits, which can lead to increased main-
tenance up to a failure of the system.

The completion of the vacuum system in the build-
ing is to be indicated to the Hamburger Stadt- 
entwässerung by the transmission of the test report of 
the vacuum test. The final test must be carried out on 
the operational system with connected suction valves 
or sanitary facilities (WCs and urinals).

Interim tests during the construction phase are recom-
mended, whereby the following conditions must be 
met: 

Interim tests

Test during installation:
This test should be performed during the installation of 
the vacuum system in regular intervals, e.g. after the lay-
ing of a single branchline or the completion of a floor 
in order to identify possible leaks occurring in pipe con-
nections without considerable effort resolving them 
later.

Procedure: The set test pressure may not differ by more 
than 10% after 30 ± min.

Testing a completed system without connected exhaust 
valves:
Checking the tightness of the entire piping system with-
out the attached exhaust valves (toilet valves) is primar-
ily to ensure the proper installation and function of the 
piping inside the building.

Procedure: The set test pressure may not differ by more 
than 20% after 40 ± min.

Testing of an operational system with connected ex-
haust valves or sanitary facilities (WC and urinals):
The leak test with connected toilet facilities and exhaust 
valves is used to ensure the proper installation of all 
system components. Especially with the use of sleeves, 
membranes, sealing rings, etc., the likelihood of leaks 
due to improper installation and wear is particularly 
high and should be carried out with appropriate exper-
tise and care. The required pressure test unit should be 
attached to an inspection opening, so leaks are detect-
ed on the suction units.

The leak test is to be carried out analogously to 
DIN EN 12109 Annex B. During the tests, the supply pipe, 
e.g. in the inspection opening must be closed temporar-
ily with a suitable plug. The ambient pressure and tem-
perature must be recorded before and after each test.

Procedure: Analogous to the previous test procedures, 
the set test pressure after 30 ± min. may not vary more 
than 10%. This should thereby ensure the long-term re-
liability of the system. It is recommended to repeat the 
leak test of the system at regular intervals to ensure the 
longevity of the system and thus significantly increase 
the comfort of living.

Each pressure test shall be recorded accordingly and 
signed by all parties involved. A test report for the con-
struction-phase-dependent pressure test is shown in 
Figure 31. A template of the test report can be found in 
Appendix 1.

P L A N N I N G  A N D  C O N S T R U C T I O N  I N S T R U C T I O N S

Slider closed during the test

Attaching the pressure tester  
with disassembled toilet
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Figure 31: Example of a leak test report for the construction-phase-dependent pressure test

Leak test of the pipeline during installation (Please check the relevant box)

During the installation 

Complete system1) without connected suction units

Complete system with connected suction units (toilets and urinals) 

For presentation at the HSE

Tightness test of the vacuum system in based on DIN 
EN 12109 Annex B

Performed by:

Date Pipe section

Object Connected suction units

UUT (unit under test) Pipe connections

Test report no. Pipe material

DN

Air pressure and temperature during the test

Time of day 
Start/end

Temperature
Start/end

Ambient pressure
Start/end

Notes/changes

.. . . . . . .  / . . . . . . . . . . . . . . . .  / . . . . . . . . . . . . . . . .  / . . . . . . . .

Tightness test of the complete system without connected suction units 

Set  
test pressure

Detected
test pressure

The set test pressure of 30 kPaabs may not deviate 
more than 10% after 30 ± 2 minutes.

Vacuum test passed?

.. . . . . . . . . . . . . .kPa .. . . . . . . . . . . . . .kPa
Yes        No  

Comments / findings during the test:

Place and date Customer Contractor

1) The complete system includes the house installation up to the shut-off device in the public area (street space). For 
vacuum testing, the system must be shut off via the shut-off device.
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•	 Checking	the	pipe	fixing	for	the	effects	of	vibrations:	
see Chapter 3.4.1

•	 Checking	the	proper	functioning	of	all	control	units

Causes and procedures for leaks
Failure to follow the installation instructions listed in 
Chapter 3 may result in leaks in the system. As a rule, 
these are first recognised by noises due to larger leaks. 
Generally, however, leakages, especially on sleeves, are 
creeping and can only be identified by means of a pres-
sure measurement. At this point, however, it is pointed 
out once again that even small leaks in the piping sys-
tem can lead to operational problems, so these pipe sec-
tions are much more prone to sediment-related block-
ages. The main cause of leaks is improper installation 
of the pipes due to failure to comply with the technical 
regulations. Not-flush or otherwise carelessly connected 
pipe sections, non-deburred pipe ends or unsuitable fit-
tings are just some of the possible sources of error. Ac-
curate location of these leaks is therefore possible only 
after the system is completed by performing a vacuum 
test. Quality assurance is therefore of particular impor-
tance during installation. Another cause of leaks occurs 
in the course of operation. Thus, resulting vibrations 
can cause individual connections/joints to loosen or 
become permanently damaged. These signs of wear be-
come apparent on, among other things, rubber connec-
tions, O-rings or rubber seals, which become brittle or 
damaged over time. Timely inspection of the tightness 
of the piping system in the context of maintenance and 
repair measures is therefore recommended.

Cleaning and removal of blockages
From operational experience it has been found that, in 
particular, improper disposal (cleaning rags, toys, cat lit-
ter, etc.) causes blockages of the pipe. As a result, the toi-
lets do not respond properly or empty the toilet bowl in-
sufficiently. In this case, after disconnecting the vacuum 
branch pipe in the associated house service connection 
shaft, open the pipe and, analogous to the procedure in 
conventional drainage, locate and remove the blockage. 

3.6  Maintenance instructions for specialist companies

Like any technical component, the proper function of 
vacuum drainage is subject to regular maintenance 
and inspection. Compared to conventional drainage, 
the vacuum toilet has higher technical demands. The 
measures required to be taken by the user him/herself 
are therefore very limited. In the event of a major system 
failure, failure of the entire toilet system of the residen-
tial unit may result, which can be avoided by regular and 
expert maintenance.

Procedure maintenance / repair
In all work on the vacuum system which requires ac-
cess to the system, an upstream separation of the cor-
responding pipe section from the vacuum system is 
necessary. This can be performed either, if available, on 
individual shut-off devices in the house, or directly on 
the house connection slide. The shut-off devices in the 
house service pipe may only be operated by employees 
of HAMBURG WASSER. Permanent opening of the vac-
uum pipe during regular operation will cause interrup-
tion of the vacuum supply from the operator.

Maintenance intervals
During operation, vacuum valves and control units are 
subject to permanent load and wear. Most components 
must be able to perform more than 100,000 actuations, 
which corresponds to a service life of approx. 11 - 14 
years in a private household. It is therefore recommend-
ed to observe the maintenance intervals of the respec-
tive manufacturer and to replace the specified com-
ponents according to the specifications. Rubber seals, 
sleeves or connecting hoses, however, may show signs 
of wear much earlier due to ageing processes, vibrations 
or alterations. In order to avoid faults and failures it is 
recommended to carry out regular inspections includ-
ing a leak test every 5 years (see DIN 1091, appendix F1). 
This should include the following checks:

•	 Tightness	test	of	all	branches:	see	Chapter	3.5

P L A N N I N G  A N D  C O N S T R U C T I O N  I N S T R U C T I O N S
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The criteria of the leak test are to be included in the ten-
der text.
•	 Vacuum	pumps	for	leak	testing	can	usually	be	rented	

by the system suppliers.
•	 Instruction	and	training	of	the	contractors	in	the	vac-

uum technology by an engineer.
•	 Installation	checks	by	qualified	and	competent	per-

sons.

From experience, classic mechanical cleaning by means 
of a pipe cleaning spiral (snake) shows good results. AT-
TENTION: Vacuum diaphragm valves can be destroyed 
by using the spiral! Access must therefore always be 
downstream from the valve or via the inspection open-
ing. In the case of coated pipelines, the use of mechani-
cal cleaning should be avoided as this would destroy the 
coating and corrode the pipe.

During maintenance and inspection work, the use of 
chemical cleaning agents by your specialist company 
absolutely must be clarified with HAMBURG WASSER. 
The improper use of chemicals can have an effect on the 
downstream blackwater treatment!
 
3.7  Notes on tender texts 
Vacuum sewerage

For the tendering of vacuum drainage systems, the fol-
lowing information is given in addition to the purely 
technical aspects: 
•	 For	the	installation	objects,	a	leak	test	of	the	vacuum	

pipes should be tendered. This should consist of:
•	 3	interim	tests	of	installed	vacuum	pipes
•		 1	main	test	with	all	connected	suction	units
•		 Creation	of	the	print	logs	for	the	respective	tests	car-

ried out

The leak test must be carried out and logged for all ar-
eas. It may only be tested by means of vacuum.

P L A N N I N G  A N D  C O N S T R U C T I O N  I N S T R U C T I O N S
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4.2  Cleaning and maintenance

There are no differences to the conventional toilet bowl 
when cleaning vacuum toilets. With regard to the war-
ranty obligation, the instructions of the respective man-
ufacturer should be observed. 

With regard to maintenance of the vacuum toilet, for 
most manufacturers, components of the toilet must be 
replaced during their lifetime in order to ensure per-
fect operation. For timely and regular maintenance, the 
manufacturer's instructions must be observed. 

In toilets with flushing jets, these jets can develop lime 
deposits, especially in the case of enhanced drinking 
water hardness, which can lead to a deterioration of the 
flushing pattern. These deposits can be removed with a 
common household acid (acetic acid or citric acid) or 
another descaling agent. 

4.3  Procedure in case of breakdown

In case of problems with a single toilet, e.g. emptying 
doesn't function or there is lack of flushing water in the 
toilet, in most cases a technical disorder of the vacuum 
toilet is the cause. If the problem cannot be resolved, 
contact a specialist company. Make sure that the spe-
cialist company has experience in the installation of 
vacuum systems.

The drainage of wastewater via vacuum toilets through-
out the Jenfelder Au city neighbourhood takes place 
within the framework of the HAMBURG WATER Cycle®. 
As a result, water consumption and the required pipe 
sizes can be reduced to a minimum. The use of vacuum 
toilets, known from trains and aircraft and in building 
construction, has been a proven and fully-developed 
technology for private use for years. 

4.1  Instructions for use 

The use of a vacuum toilet requires no adjustment or 
special requirements compared to a conventional toi-
let. However, as with conventional toilets, improper 
use, especially when using the toilet as a waste dis-
posal site, can cause problems. Due to the significant-
ly smaller pipe sizes of the vacuum toilet, proper use 
is particularly important. It is therefore important to 
ensure that no objects are introduced into the toilet  
which can damage the vacuum system. These include, 
in particular, sharp-edged objects such as screws, bot-
tle caps, broken glass, etc., which would damage the 
rubber seals and valves! The main cause of obstruction 
is improper insertion of objects. For proper use of the 
vacuum toilets, it is therefore advisable to inform chil-
dren and guests in order to avoid a breakdown of the 
sanitary facilities. 

If malfunctions or damage occur in the public network 
after improper use of the sanitary facilities, these are 
remedied by measures taken by HAMBURaG WASSER. 
The resulting costs are charged to the perpetrator in the 
same way as for conventional drainage. For details see 
§22ff of the Hamburg Sewerage Act (HmbAbG).

4 Usage
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4.4 That does not belong in the toilet!

That does not belong in  
vacuum toilets Why not? Where to put it

Wipes

Cotton buds/Q-tips

Panty liners

Sanitary napkins/tampons

Facial tissues

clog your house connection, 
clog pumps and pipes,  
damage machines

House waste bin

Medications

Paints/varnishes

Chemicals

Mineral oil

worsen cleaning
performance and so pollute 
groundwater

Mobile hazardous waste collection, 
recycling yards, 
retailers

Razor blades

Hypodermic needles

clog your home connection,  

endanger the health of employees 
House waste bin  
(pack securely first)

Cat litter

Cigarette butts

Condoms

Bottle caps

Small animal manure

clog your house connection  
and have to be laboriously and at high 
cost removed from the  
blackwater again

House waste bin

Leftovers

Cooking oil/fats

give rats additional feed, sediment pipes 
and house connections, in worst-case 
scenario clog the connection

Bio waste bin or
house waste bin

Greywater

(e. g. washing up/ 

cleaning water)

dilutes the blackwater,
reduces biogas production

Sink or
drain
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User instructions
This guide is the result of a technical-scientific collaboration between 
the Ostwestfalen-Lippe University of Applied Sciences and HAMBURG 
WASSER, which has materialised in the KREIS research association (Dem-
onstration Project Jenfelder Au Urban District – Coupling of Regenera-
tive Energy Generation with Innovative Urban Development). It has been 
carefully compiled and tested to the best of our knowledge and in good 
conscience. Nonetheless, no liability can be accepted for current validity, 
completeness, errors, omissions and the accuracy of data.

This guide is an important, but not the only source of knowledge for profes-
sional solutions. No one evades the responsibility for one´s own action or 
for the correct application in concrete cases by applying it. This applies in 
particular to the proper and professional handling of the acceptable mar-
gins indicated in the handbook. For each application there are location and 
project-specific circumstances present for which it must be checked that the 
specified regulations are fully applicable. In particular, new findings or expe-
riences must be considered accordingly. 

Publisher: 
Hamburger Stadtentwässerung AöR 
Billhorner Deich 2 | 20539 Hamburg (Germany)
Tel.: (+49) (0)40 78 88 0
Fax: (+49) (0)40 78 88 18 34 56
info@hamburgwasser.de

a HAMBURG WASSER company
www.hamburgwasser.de

Photo credits:
iStockphoto (Titel, p. 34); West 8 urban design & landscape  
architecture b.v. (Introduction); Schuckmann_Hamburger Klimaschutzstif-
tung (p. 10); Johannes Arlt (S.4, p. 11), Panthermedia (S.36)

Concept:
Hamburger Stadtentwässerung AöR
a HAMBURG WASSER company
in cooperation with the Ostwestfalen-Lippe University of Applied Sciences, 
Höxter (Germany)

Layout: 
SUPERURBAN

1. Edition 2015

2. Updated and expanded edition 2019




