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Abstract— Now a day various techniques used in the 

plumbing design, and one of the techniques is used in 

plumbing design for various comfort condition is the 

vacuum sewerage system. In this review paper special 

preference is to the vacuum sewerage system. It is a 

mechanized system of wastewater transport. This system 

uses a central vacuum source to convey sewage from 

individual household to a central collection station. Vacuum 

sewers use differential air pressure (negative pressure) to 

move the sewage. A central source of power to operate 

vacuum pumps is required to maintain vacuum (negative 

pressure) on the collection system. The resulting differential 

pressure between atmosphere and vacuum becomes the 

driving force that propels the sewage towards the vacuum 

station. 
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I. INTRODUCTION 

A vacuum sewer system uses the differential pressure 

between atmospheric pressure and a partial vacuum 

maintained in the piping network and vacuum station 

collection vessel. This differential pressure allows a central 

vacuum station to collect the wastewater of several thousand 

individual homes, depending on terrain and the local 

situation. Vacuum sewers take advantage of available 

natural slope in the terrain and are most economical in flat 

sandy soils with high ground water. 

Vacuum sewers were first installed in Europe in 

1882 but until the last 30 years it had been relegated to a 

niche market. The first who has applied the negative 

pressure drainage (so called vacuum sewerage) was the 

Dutch engineer Charles Liernur in the second half of the 

19th century. It was only used on ships, trains and airplanes 

for a long time. Technical implementations of vacuum 

sewerage systems were started after 1959 in Sweden by Joel 

Liljendahl and afterwards brought onto the market by 

Electrolux. Nowadays several system suppliers offer a wide 

range of products for many applications. 

This section covers land based vacuum systems but 

the technology is also used on aircraft, ships, and trains as 

well as in buildings. Supermarkets, prisons, marinas and 

many commercial buildings are using vacuum systems as 

well as vacuum toilets which can reduce the amount of 

water flushed away to less than 1 liter per flush. The NASA 

Space Shuttle uses vacuum toilet technology to reduce water 

requirements. 

II. ELEMENTS OF THE SYSTEM 

 Collection chambers and vacuum valve parts 

 Central vacuum station 

 Vacuum sewer lines 

 Monitoring system for collection chambers and 

vacuum valve units( optional ) 

Vacuum technology is related to differential air 

pressure. Rotary vane vacuum pumps generate an operation 

pressure of -0.4 to -0.6 bar at the vacuum station, which is 

also the only element of the vacuum sewerage system that 

must be supplied with electricity. Interface valves that are 

installed inside the collection chambers work pneumatically. 

Any sewage flows by means of gravity into each house’s 

collection sump. After a certain fill level inside this sump is 

reached, the interface valve will open. The impulse to open 

the valve is usually transferred by a pneumatically 

(pneumatic pressure created by fill level) controlled 

controller unit. No electricity is needed to open or close the 

valve. The according energy is provided by the vacuum 

itself. While the valveis open, the resulting differential 

pressure between atmosphere and vacuum becomes the 

driving force and transports the wastewater towards the 

vacuum station. Besides these collection chambers, no other 

manholes, neither for changes in direction, nor for 

inspection or connection of branch lines, are necessary. 

High flow velocities keep the system free of any blockages 

or sedimentation. 

 
Fig. 1: Vacuum Sewer 

Large systems with numerous collection chambers 

can benefit of a monitoring system for remote monitoring of 

the vacuum valves and sump pits. Such systems allow much 

faster trouble shooting and easier preventive maintenance of 

collection chambers and valves. However, monitoring 

systems are optional systems and not required for operation 

of vacuum sewer systems. 

Vacuum sewer systems are considered to be free of 

ex- and infiltration which allows the usage even in water 

protection areas. For this reason, vacuum sewer lines may 

even be laid in the same trench as potable water lines 

(depending on local guidelines). The system supplier should 

certify his product to be used in that way. To achieve the 

condition of an infiltration-free system and therefore 
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allowing to reduce the waste water amounts that need to be 

treated, water tight (PE material or similar) collection 

chambers should be used. Valve and collection sump (waste 

water) preferably should be physically separated (different 

chambers) in order to protect service personal against direct 

contact with waste water and to ensure longer life cycles 

(waste water is considered to be corrosive) 

In order to ensure reliable transport, the vacuum 

sewer line is laid in a saw-tooth (length-) profile, which will 

be referred to more precisely afterwards. The whole vacuum 

sewers are filled with air at a pressure of -0.4 to -0.6 bar. 

The most important aspect for a reliable operation is the air-

to-liquid ratio. When a system is well designed, the sewers 

contain only very small amounts of sewage. The air-to-

liquid ratio is usually maintained by "intelligent" controller 

units or valves that adjust their opening times according to 

the pressure in the system. 

III. INSTALLATION AND CONSTRUCTION 

The following section covers some basic information 

regarding the installation of vacuum sewer system. This 

section is not complete and should only give a basic 

overview. 

Preferably HDPE pipes are used for vacuum sewer 

system pipe works, but PVC is also used in some countries. 

The recommended pipe classification is SDR11. Preferences 

should be given to electro fusion joints rather than butt 

welding. In general, butt welding shall only be allowed for 

pipe diameters of 150mm or more as the internal beads from 

butt welding methods will reduce the diameter especially for 

90mm pipes significantly which can cause blockages inside 

the pipes. 

A. Vacuum Interface Valve: 

The collection pit houses the 90mm (3 inch) vacuum valve 

which interfaces between the atmosphere coming from the 

gravity lines and the negative pressure in the vacuum mains 

created by the vacuum pumps at the VPS. The VPS may be 

as far as 5km (3 miles) away from the last collection pit. 

Once 40 liters (10 gallons) enters the pit from the 

gravity line, air pressure on the valves controller will trigger 

the valve to open allowing sewage and then air to enter the 

vacuum mains at a velocity of 4-6 meters per second (15-18 

feet per second). It is the expanding air that propels the 

sewage to the VPS (the point of stronger negative pressure). 

No power is required at the collection pit. 

 

 
Fig. 2: Vacuum Interface Valve 

It is most important not to use any 90° connection 

within the pipe work. This refers to any main or branch lines 

connections as well as to horizontal direction changes. Only 

wye-fittings and 45° bends may be used. Using 90° 

connection will lead to blockages within the system and may 

create a water hammer with temporarily pressure drops 

affecting the equipment. 

It is furthermore very important to follow the pipe 

profiles which should be given by the system supplier. A 

minimum requirement is a constant slope of 0.2% within the 

so-called saw tooth profile. Upwards slopes and deviations 

from the given pipe profiles will lead to water sags causing 

temporarily blockages and pressure drops resp. additional 

head losses. In worst case, this can lead to a failure of the 

system. Especially the connection line from the collection 

pit to the next branch or main line needs to maintain a 

certain slope as otherwise water sags may cut off the valves 

from the vacuum inside the pipe system causing malfunction 

of the valves. 

Special attention has to be given to the civil works 

related to the pipe work installation. Over-compaction or 

damages to the pipes by excavators may result in significant 

problems during operation. Even if the pipe withstands the 

pressure tests during construction and after backfilling, 

squeezed pipes or pipe full of concrete or other construction 

debris will lead to blockages and water sags during 

operation. 

Although international guidelines give clear 

recommendations for gate valves (every 400-500m within 

main lines and for branch lines longer than 200-250m), all 

important side branches should be equipped with a gate 

valves. This will allow much faster pressure tests and leak 

detection during construction and will allow emergency 

measures if problems occur. 

A monitoring system can be installed to indicate 

the status of the vacuum valves and collection chambers. 

The monitoring system indicates when problems are 

occurring so that preventative maintenance can be 

implemented before failure. Warning alarms are transmitted 

on valve pits that are developing problems, as well as valve 

pits that have totally failed and need immediate attention. 

Use of the monitoring system decreases the annual man 

hours needed to maintain vacuum sewer valve pits and 

makes the vacuum sewer system an even more affordable 

and reliable alternative sewer system. 
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IV. MAINTENANCE REQUIREMENTS 

 
Fig. 3: Maintenance Requirement 

Effective operation of a vacuum sewer system begins with 

proper design and construction, but regular inspection of 

system components by staff or remote monitoring is critical. 

Vacuum stations can be remotely monitored via telemetry or 

visited daily to record pump running hours and lubricant 

levels. A variety of tasks must be performed on a regular 

weekly, monthly or semi-annual basis. These tasks include 

changing oil and oil filters on vacuum pumps; removing and 

cleaning inlet filters on vacuum pumps; testing all alarm 

systems; checking/adjusting motor couplings, and; checking 

operation of vacuum station shut-off and isolation valves. 

The operator must conduct external leak tests on all vacuum 

valves and check/adjust valve timing. Preventive 

maintenance includes annual visual inspections of valve pits 

and valves, as well as rebuilding controllers every 3 to 6 

years and rebuilding valves every 8 to 12 years. 

As with all mechanical devices, vacuum valves will 

fail with some frequency. When a valve sticks open the 

whole system has reduced vacuum. Locating the stuck valve 

may be time consuming and require two persons. When a 

valve fails to open, wastewater will backup in the valve pit 

(and potentially into the source). These failures are easier to 

locate but can result in an on-lot backup or the discharge of 

sewage. 

Good recordkeeping of system performance and 

costs is critical. The advent of web-based telemetry has 

greatly improved the operator’s ability to monitor system 

status. Vacuum sewer system operators must be capable, 

dependable and knowledgeable. About 2.5 to 3 hours per 

year per service connection is a good estimate for time 

commitment. Training and certification is advisable and will 

typically be required by the local jurisdiction. 

V. PROJECT EXAMPLES 

The county of Sarasota, Florida and the city of Carnation, 

Washington are developing a county wide collection system 

and is incorporating vacuum sewers. 

In Germany, several hundred well-working systems 

are operating since the 1970s. Especially in the Middle East 

(United Arab Emirates, Qatar, Bahrain, Oman), vacuum 

sewer systems become more and more important due to easy 

and fast installation along with water saving effects and 

easiness of maintenance. 

The world's most famous vacuum sewer project is 

currently the Palm Island Jumeirah, located at the coast of 

Dubai City, United Arab Emirates. Approx. 23.000 people 

will be connected to this vacuum sewer system with only 1 

central vacuum station. The vacuum station is considered to 

be the biggest vacuum station in the world. 

The biggest installation in Europe (several vacuum 

stations) can be found in Gerasdorf (near Vienna), Austria, 

where many benefits of a vacuum sewer system helped to 

overcome difficult conditions in this mountainous area. 

Good examples can be found on the Maldives, the 

post-tsunami WATSAN project UNICEF - UN, where on 

several islands vacuum sewer systems have been the best 

option. Several other projects, mainly for resorts, have 

already been realized on the Maldives. 

Vacuum sewer systems are not only used in the 

Europe or Middle East but even in low developed third 

world countries. Several vacuum sewer systems have been 

already built or are currently under construction in Africa 

(South Africa, Botswana, Namibia) for townships and rural 

areas where the benefit of fast construction time, cost saving 

trenching and high flexibility have come to full effect. 

Australia has been one of the largest users of 

vacuum sewer systems due to the low installation and 

operational costs. The largest system to-date has been at the 

Tea Gardens development in New South Wales, which will 

ultimately handle over 4.500 houses. The Water Corporation 

in Western Australia is considered the largest single owner 

of vacuum systems in the world with over 30 schemes now 

under their operational control. 

The United Kingdom is well served by Vacuum 

Sewerage Systems, the region most extensively served are 

the low lying fenlands of the East of England. High water 

tables (in some cases less than 1metre below the surface) 

and poor ground conditions have meant that the local Water 

Company, Anglian Water, has embraced the use of Vacuum 

Sewerage, taking advantage of the system's requirement for 

small bore sewer pipes laid in shallow trenches, dramatically 

reducing the requirement for pumping stations as would be 

required by conventional gravity sewer systems. The largest 

Vacuum Sewerage scheme in this region serves the villages 

of Out well and Up well, 4 vacuum collection stations serve 

some 1500 homes in this agglomeration. On initial costing 

for a conventional gravity sewer to serve the area, 

previously served by domestic septic settlement tanks the 

site would have required the installation of 32 pumping 

stations. 

Using a vacuum sewer system, this number of 

pumping stations was reduced to 4 vacuum stations. Other 

companies in the UK such as Southern water operate 

vacuum sewer systems, too. 

Lately, vacuum sewer systems become popular for 

industrial and commercial projects as well, where only little 

domestic waste water occurs and where the flexibility of a 

vacuum sewer system allows easy coordination with usually 

plenty of other utilities in the ground. Good examples can be 

found again in the Middle East, such as some small 

industrial areas in the Emirate of Ras al Khaimah or the 

newly built Qatalum Aluminum Plant in Qatar, the world's 

largest primary aluminum plant. 

The well knows eco-city of Masdar, U.A.E., uses a 

vacuum sewer system as well to separate grey from black 

water. 

http://en.wikipedia.org/wiki/Sarasota,_Florida
http://en.wikipedia.org/wiki/Carnation,_Washington
http://en.wikipedia.org/wiki/Carnation,_Washington
http://en.wikipedia.org/wiki/Jumeirah
http://en.wikipedia.org/wiki/Water_Corporation
http://en.wikipedia.org/wiki/Masdar_City
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VI. TYPES OF VACUUM SYSTEM 

A. Deployable Vacuum Systems: 

Temporary Camps, whether emergency, workers 

accommodation, mining, military or refugee need to 

transport sewage from ablution blocks, kitchens and 

laundries. Installation of pipe work can be time consuming, 

expensive and be damaging to the environment. 

Flovac’s deployable vacuum system can be 

deployed to site and established within 24 hours. Upon 

redeployment can be packed and ready for transport within 

24 hours, leaving the site as you found it. 

B. Train Extraction Systems: 

As trains come into the yard maintenance crews can hook up 

a vacuum hose via a fitting to the trains sewage holding 

tanks. The tank is evacuated via a push button control on the 

Flovac Valve. Sewage goes via a vacuum main back to a 

series of vacuum pumps and then discharged to the gravity 

network.  

Flovac has now installed extraction systems for a 

number of   clients in particular for the Deutsche Bahn’s 

ICE network, including systems in Frankfurt, Cologne and 

Dusseldorf. 

Projects have also been done for Irish Rail, SBB 

Swiss, RENFE Spain, OBB Austria and France SNCF. 

C. Marinas, Ports and Harbor Systems: 

Environmental concerns by government agencies and boat 

owners have pushed marina owners into providing 

wastewater pump-out facilities that are safe and easy to use. 

Vacuum pump-out systems have been used at 

marinas around the world for over thirty years and Flovac( 

one of the leading manufacturer) has been at the forefront of 

their development. 

VII. LIMITATIONS 

 Vacuum systems are not capable of transporting 

sewage over very long distances, but can pump 

long distances from the vacuum station to the next 

STP or main gravity sewer. 

 Vacuum sewerage systems are only capable for the 

collection of wastewater within a separated system 

(not for the collection of storm-water). 

 The lines can only reach up to 3–4 km laid in flat 

area (restrictions of the system due to head losses 

(3-4.5 m) (friction and static)). 

 Systems should be designed with help of an 

experienced manufacturer (concepts are usually 

free of charge). 

 External energy is required at the central vacuum 

station. However, the collection pits do not require 

electrical energy. 

 Odours close to the vacuum station can occur, a 

biofilter may be necessary. 

 Integrity of the pipe joints is paramount. 

 Grease can clog the sensor tube (if set up 

incorrectly) thus requiring preventative 

maintenance cleaning. 

 Mechanical controllers (float switches) require 

preventative maintenance for worn parts and seals. 

 Vacuum valves can get stuck open leading to 

pressure drops in the entire system. However, a 

monitoring system can help identifying stuck open 

valves immediately. 

VIII. RESULT 

Requires less water to transport the excreta, considerable 

savings in construction costs, and also a much shorter 

construction period. Pipelines laid in shallow and narrow 

trenches, Small diameter pipelines, flexible pipeline 

construction. Sewers and water mains can be laid in a 

common trench, closed systems with no leakage or smell. 

No manholes along the vacuum sewers. Suitable in flat 

topography: gravity systems demand installation at great 

depths to maintain adequate flow, areas where rock layers or 

a high groundwater table make deep excavation difficult, 

also areas short of water supply necessary for operation of 

gravity systems. 

IX. CONCLUSION 

Vacuum sewerage system is a collection Systems for waste 

water, installation of systems for waste water within low and 

medium dense residential, commercial, industrial or mixed 

use areas, eco-friendly, safe and operator friendly systems. It 

is alternative system for conventional gravity sewer systems 

under difficult conditions and cost consuming system. 

Vacuum sewers do not require a septic tank at each waste 

water source and operation takes place from one central 

station. This system contain maintenance free pipe network, 

minimum maintenance at vacuum valves, collection 

chambers and no sedimentation occur and also this system 

are only system allowed to be installed in the same trench 

with drinking water pipes. Impact of construction for this is 

very less to the environment. No flushing is required for the 

pipe network and that’s why more saving the fresh water. 
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