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Executive Summary 

 
Da Nang is one of the Nexus partner cities of the “Integrated resource management in Asian 
Cities: the urban nexus” Project, financed by the German Federal Ministry of Economic 
Cooperation and Development (BMZ) and implemented by GIZ.  
 
In this context, the following project was agreed upon between GIZ/Nexus Project and 
DPC/DPI:“Vacuum waste water collection, waste water treatment (biogas production)  
using the by-products (irrigation water and fertilizer from biogas) for urban agriculture”. 
 
A MoU was signed in November 2013 between the parties concerned and a Nexus Task 
Force (NTF) was created in December of 2013 to coordinate respective activities in a cross-
sectorial manner. 
 
After conducting a household survey in March 2014 in a broader area of the Eastern Coastal 
Area of Da Nang An Hai Bac Ward within the Eastern Coastal Area of Da Nang was 
selected for an in-depth study on vacuum sewer collection system in April of 2014. 
 
The Report on research on vacuum sewer collection system for the Pilot Project An Hai Bac 
Ward in the Eastern Coastal Area of Da Nang, Vietnam of August 2014, reflects the 
respective findings including a cost comparison between the installation of a vacuum sewer 
collection system versus a gravity sewer collection system in An Hai Bac Ward. 
 
The study results were shared with DPC, DPI, DoNRHE, the Nexus Task Force in Da Nang 
as well as with the World Bank Resident Mission in Hanoi.  
 
Public Hearing and Consent of Community An Hai Bac Ward 
 
Before conducting the in-depth study in April 2014 the respective community of An Hai Bac 
Ward was consulted via their community leaders, a public consultation was held in order to 
reach their consent. The study team did not only got the approval of the Community of An 
Hai Bac Ward to conduct the study. Moreover, the inhabitants were very collaborative and 
amicable during the study was being conducted allowing access to their rest rooms, kitchens, 
bathrooms and houses as such in order to take measurements and designing the positions 
of the sanitary installations to come up with appropriate household connection solutions. The 
main problems the inhabitants of An Hai Bac Ward complained about were bad odour on the 
walkways at the back of their houses unabling them to open the doors and being a runway 
for rats and cockroaches. During the rainy seasons if heavy flooding occurs their toilets 
cannot be used anymore and fecal matter float through the streets. 
In June 2014 the results of the study were presented to the Community of An Hai Bac Ward 
reaching their consent to go ahead with vacuum sewer collection in the Community of An 
Hai Bac Ward. The Community even agreed to host 50 international participants of other 
Nexus cities on occasion of the third Regional Nexus Workshop held in Da Nang from June 
25-27, 2014 in their Community by having a joint meeting in their meeting hall expressing 
their interest in and consent to the vacuum sewer collection system. 
 
Cooperation with the World Bank Vietnam 
In discussions with the World Bank in Vietnam it was agreed that currently there is no 
effective septage management being practiced anywhere in Vietnam. Poor design and 
operation of most household septic tanks plus uncontrolled fecal sludge emptying, 
transportation and dumping are common contributing to a growing environmental problem. 
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The lack of household connections, partial treatment/decomposition of organic matter in 
septic tanks and the drainage canals, infiltration of groundwater and collection of rainwater 
runoff all contribute to the dilution of collected sewage in these combined systems.1  
Facilities emphasizing low power consumption, resource recovery from sludge or reuse of 
treated wastewater are urgently required. The vacuum sewer system might offer an 
alternative and should be piloted. 
In the framework of the World Bank “Da Nang Sustainable City Development Project” waste 
water collection and treatment as well as storm water and drainage improvement play a 
relevant role. 
Therefore the World Bank would be ready to finance a pilot project on vacuum sewer 
collection in Da Nang within the framework of their project mentioned above if the 
procurement rules of the World Bank are complied with (technical specifications, prove that 
there is a market, certified design standard).  
 
Design Standard 
As there is no design standard in Vietnam yet for vacuum sewer, the DIN EN 1091 Vacuum 
Sewerage Systems Outside Buildings (February 1997) and DWA-A 116-1E Special 
Sewerage Systems (Part 1: Vacuum Sewerage Systems Outside Buildings) (March 2005) 
could be used (see Annex 2). 
 
Description/conditions of/for vacuum sewer system 
 
The vacuum sewer system offers possibilities to reduce the environmental impact, increase 
organic loading with options for reuse and processing of sludge for energy production, 
irrigation water and fertilizer. It is a completely sealed system (no exfiltration) apt in particular 
for flat, flood prone areas with a high water table and little space for pipe laying. It moreover 
requires less construction time, hence less constructions costs and reduced inconvenience 
for the population following a “minimal invasion” strategy also tolerating flexible pipe routing 
and fluctuating flows. It is considered a “low-cost” technology in comparison to gravity sewer.  
Vacuum sewer collection is, as pointed out above, a separate system (storm water and 
waste water drainage are separated) whereas the gravity system practised in Vietnam up to 
now is a combined system (storm water and waste water drainage combined) only making 
use of the affluent of the septic tanks with low organic loading and diluted water reaching the 
waste water treatment plants (WWTP). In the WWTP, however, the diluted waste water with 
hardly any fecal matter inside (as they remain in the septic tanks trickling down into the soil 
and the groundwater) is still treated causing high energy bills. 
 
Septic tanks 
 
Talking about septic tanks one should consider that septic tanks per definition should have 
at least two chambers, preferably three chambers to treat the faecal matters in an adequate 
manner. 
 
In reality, septic tanks in most Vietnamese households are built out of brick or concrete and 
only consist of one chamber sometimes even without bottom. Even if they are built with a 
bottom, bricks and concrete crumble after 3-5 years with the consequence of fecal matters 
entering constantly in to the soil and the groundwater.  
During the GIZ in-depth study in April 2014 it was observed that the great majority of the 
septic tanks in An Hai Bac Ward, being built around the year 2000, had never been emptied. 

                                                
1
 See “Vietnam Urban Wastewater Review”/Australian Aid/The World Bank, December 2013 
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The contamination of the soil, the ground water and the Han River with coli bacteria is a 
known fact.  
 
Cost comparison 
 
Investment costs2 
As part of the GIZ in-depth study in An Hai Bac Ward in April of 2014, a cost comparison 
between the vacuum sewer and gravity sewer collection system has been implemented with 
regards to investment costs as well as operation and maintenance costs. 
 
Investment costs for the vacuum sewer system amount to VND 6.753.730.129 (EUR 
231.308) whereas they amount to VND 12.670.428.291 (EUR 433.984) for the gravity 
system. The gravity systems hence costs 53% more than the vacuum sewer system. Using 
the vacuum sewer system 47% less expenditures are required. 
 
Investment costs per household 
 
The investment costs per household amount to VND 61.397.455 (EUR 2264,59) for vacuum 
sewer, whereas they amount to VND 115.185.711 (EUR 4248,57) for gravity sewer. 
 
Operation and maintenance costs3 
 
Operation and maintenance costs amount to VND 142.094.000 per year for vacuum sewer 
whereas they amount to VND 519.148.216 per year for gravity sewer.  
 
Household connection with vacuum sewer versus gravity sewer 
 
It should also be mentioned that the connection of the households applying vacuum sewer is 
a minimal invasion strategy causing less disturbance for the individual households. Their 
toilets, kitchens, bathrooms would be connected to the vacuum sewer pipelines through the 
back part of the house, placing the vacuum sewer lines in the walkways on the backside of 
the houses. 
 
Connecting the households to gravity sewer would imply crossing the living rooms of the 
houses from the backside to the front with much more disturbances and costs.  
 
Energy consumption 
 
The energy consumption of a vacuum sewer system is lower than energy consumption 
within a gravity sewer system. 
The pumps required start off from the vacuum station and only pump after the under 
pressure in the pipes reaches –0.8 bar (every 3-4 hours). Gravity sewer pumps have to 
pump continuously. 
In case of power outrage the vacuum collection system continues functioning for up to 3-4 
hours. Thereafter, flushing of toilets comes to an end. However, it is assumed that power 
outrages are normally solved within the given time frame of 3-4 hours in Da Nang. It is also 
possible to install a battery-backup which gives an additional 2-3 hour service time. 

                                                
2
 The investment costs exclude taxes, customs and overheads. The applied exchange rate is VND 

29.198=EUR 1.  
3
 The applied exchange rate is VND 29.198=EUR 1.  
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In comparison to the conventional gravity system there is at least a buffer of 3-4 hours 
keeping the system functional. That is not the case with the conventional gravity system if 
power cuts occur. The gravity system immediately stops functioning once there is no 
electricity as the pumps have to continuously pump the waste water.  
 
Location for vacuum station 
The required space for the location of the vacuum station is 10-12 m2 of plot area ideally 
owned by Da Nang government in order to avoid lengthy negotiations with residents owning 
plots for the proposed location. It would be most recommendable to have it installed near to 
the pilot area for the time being. It is actually designed to connect up to 500 households 
treating their waste water including fecal matters.  
The vacuum station can be installed in a 20 feet container hence being protected and at the 
same time mobile to be placed to another location later on if so required in the framework of 
scaling up.  
The vacuum station has to be connected to an existing sewer line leading to a waste water 
treatment plant. As there is an existing combined surface water and waste water drainage in 
An Hai Bac Ward, it is easy to connect the vacuum station within An Hai Bac Ward to the  
existing combined surface water and waste water drainage. 
 
GIZ Support 
 
GIZ support to DPC/DPI will concentrate on the following areas: 
Preparation of Technical Specifications (October 2014) 
Proving that there is a market for vacuum sewer solutions (listing of 3 Vietnamese 
companies) (October 2014) 
Design Standard issues (translation of EN 1091 from English to Vietnamese) and 
certification of technology (October 2014) 
Implementation of construction works including on-job-training of workers in different trades 
(January to March 2015) 
Training for operation, maintenance and repair works for staff from Waster water 
Department of Da Nang (January to March 2015) 
Advisory service including supervision of construction works through GIZ (January to March 
2015)  
Awareness creation and advisory service for beneficiaries/users (January to March 2015) 
Monitoring & evaluation, preparing upscaling (April to December 2015) 

 Analysis of composition of sludge (samples in vacuum tank) (from April to October 
2015)  

 Analysis of beneficiary/user satisfaction (household survey) (April to June 2015 

 Selection and study of extension area for upscaling (July to October 2015) 

 Cost estimate for waste water treatment plant including biogas production using the 
byproducts (irrigation water and residues from biogas) for (urban) agriculture 
(November/December 2015)   

 
Advisory service with regard to new fees regulation for waste water (connection fee, tariff, 
etc.) in collaboration with ADB and World Bank (March/December 2015).  
 
As is well known, the implementation of the vacuum sewer pilot in An Hai Bac Ward is only a 
first step to reach the agreed upon Nexus project Vacuum waste water collection, waste 
water treatment (biogas production) using the by-products (irrigation water and fertilizer from 
biogas) for urban agriculture” as stated in the MoU. 
 



 

8 
 

All points mentioned in the Executive Summary are further elaborated upon in the study 
below with special emphasis on pointing out the advantages of a separated vacuum sewer 
system in comparison to conventional septic tanks and gravity sewer. 
 
 



 
 
 
 
Time schedule 2014 - 2015 
 
Preparation of Tender, evaluation, implementation and training Oct Nov Dec Jan Feb Mar Apr May Jun 

Preparation of Technical Specifications (October 2014)          

Proving that there is a market for vacuum sewer solutions (listing of 3 Vietnamese companies)          

Design Standard issues (translation of EN 1091 from English to Vietnamese), certification of technology           

Floating tender (November 2014)          

Evaluation of tender (December 2014)          

Contracting of company (December 2014)          

Implementation of construction works including on-job-training of workers in different trades           

Training for operation, maintenance & repair works for staff from Waster water Department of Da Nang           

Advisory service including supervision of construction works and documentation through GIZ           

Awareness creation and advisory service for beneficiaries/users           

 
 
Monitoring & evaluation, preparation of upscaling Apr May Jun Jul Aug Sep Oct Nov Dec 

Analysis of composition of sludge (samples in vacuum tank)           

Analysis of beneficiary/user satisfaction (household survey)          

Selection and study of extension area for upscaling          

Cost estimate for waste water treatment plant including biogas production using the byproducts 
(irrigation water and residues from biogas) for (urban) agriculture 

         

Advisory service with regard to new fees regulation for waste water (connection fee, tariff, etc.) in 
collaboration with ADB and World Bank  

         

 

 



1.0 Introduction: The Nexus Approach 

 
The rapid urbanisation of the Asia-Pacific region entails the risk of widening supply gaps, in 
particular for water supply and sanitation systems, energy supply, land use and food security. 
However, the majority of cities/municipal administrations and municipal utilities in Asia-
Pacific continue to plan and manage along sectoral lines and within municipal boundaries, 
and rarely in a coordinated and integrative manner. Consequently they are not able to fully 
utilise the interaction and synergies between water, energy and food security and the 
potential co-benefits arising from integrated resource management and planning for cities 
and their regions.  
 
It is increasingly evident that the resource footprint of cities, as well as ecosystem 
boundaries, transcend administrative boundaries, calling for coordination across actors and 
institutions. The need for integrated planning requires a multi-disciplinary approach as well 
as effective and dynamic governance. 
 
The nexus approach aims at integrated planning and management processes of the key 
sectors of energy, water and food security, and this can contribute substantially to the long-
term sustainable development of rapidly growing cities and their regions. It is crucial, in this 
context, to involve municipal and regional actors and utilities towards more integrated 
planning and management of the nexus sectors.  
 
To respond to these needs, the Deutsche Gesellschaft für Internationale Zusammenarbeit 
(GIZ) GmbH and the United Nations Economic and Social Commission for Asia and the 
Pacific (ESCAP) are implementing the project “Integrated resource management in Asian 
Cities: the urban nexus”, financed by the German Federal Ministry of Economic Cooperation 
and Development (BMZ). The project supports ten cities in six countries, namely: China 
(Banan, Weifang, Rizhao), Indonesia (Pekanbaru, Tanjungpinang), Mongolia (Ulaanbaatar), 
Philippines (Santa Rosa, Naga City), Thailand (Chiang Mai, Korat) and Viet Nam (Da Nang).  
 
Initially, the project is targeting the local level, by providing technical advice to municipal 
administrations/planning offices through international and national experts and by facilitating 
the establishment of Nexus Task Forces. The project oversees the design, planning and, 
where possible, implementation of practical nexus initiatives (with a focus on water, energy 
and/or food security) and at the same time seeks to feed the experiences gained at the local 
level into a national and regional dialogue and learning platform to achieve a pooling of 
knowledge and the potential for synergies in action. This will lay the foundation for a regional 
and national scaling-up of the nexus approach. In addition to mainstreaming nexus 
principles and know-how into the region’s institutions, stakeholders from municipal 
administrations, research institutes, networks and non-governmental organisations are 
supported with regard to human capacity development with a view to embedding new 
professional and management competences and capacities across these institutions. 
 

2.0 Strategic Context in Vietnam 

 
Vietnam is a rapidly urbanizing country. In the last decade, the country’s urban population 
increased from 18 million to 25 million and is projected to reach 45 million (50% of the 
population) by 2025. 
 
The high rate of urban growth and increasing urban population density exerts a rising 
pressure on physical urban infrastructure in particular in major cities. 
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The inadequacy of urban infrastructure including water, sanitation and energy are major 
constraints reducing Vietnam’s competitiveness, quality of life and future development 
perspectives.  
 
The situation is aggravated through a large number of urban centres alongside the 3000 km 
of coastline facing rising sea levels, high ground water levels, wetlands (alluvial soil) with 
rivers flowing into the ocean, frequent flooding, typhoons and low tides draining the 
groundwater into the rivers and the ocean.   
 
Access to adequate sanitation services is in particular low throughout the urban centres. 
 
The majority of the households dispose of septic tanks, however, they have no installed 
openings for maintenance and emptying.4 
 
Moreover, only the effluent of the septic tanks is connected to the sewer lines – where 
available. 
 
For this reason the waste water treatment plants only receive diluted waste water hardly 
disposing of sludge to be used for energy production or organic fertilizer and night soil. 
 
However, huge areas are covered by inefficient treatment plants and their respective ponds 
emitting methane gas to the environment with an impact 25 times higher than CO2 
emissions (ecological footprint).  
 
The sludge remains behind in the septic tanks hardly ever emptied with crumbling bottoms 
and faecal matters penetrating into the ground water while the ventilation pumps 
contaminate the air by emitting methane gas. 
 
It is hence important to introduce an economical and technically feasible waste water 
treatment system to connect the toilets of individual households, hotels, restaurants and 
other commercial units in inner urban areas directly to the sewer lines. This should be 
accompanied by a compulsory connection regulation to make the system effective.  
 
Individual septic tanks are not considered an adequate solution for urban agglomerations. 
 

 3.0 Nexus Pilot in Da Nang: Rationale 

 
Da Nang is the fourth largest city of Vietnam and has a provincial status with a significant 
degree of administrative autonomy. 
 
The Vietnamese Government has established a third focal economic zone in the central 
region, surrounding Da Nang. 
 
The Authorities of Da Nang are committed to developing the city into a “green” city by 2025.   
 
In this context, Da Nang is trying to pursue a sustainable wastewater strategy.  
 

                                                
4
 For emptying a septic tank a whole has to be drilled into the floor destroying the tiles. 
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The World Bank is supporting this strategy by its “Da Nang Sustainable City Development 
Project”.   
 
The aim of the project is to expand access of city residents to improved drainage, waste 
water collection and treatment services.5 
 
The GIZ “Integrated resource management in Asian Cities: the urban nexus” (thereafter 
called “GIZ Nexus Project”) has identified the following pilot project in Da Nang together with 
their Partners from Department of Planning and Investment (DPI) approved by Da Nang 
People’s Committee (DPC):  
 
“Vacuum waste water collection, waste water treatment (biogas production) using the 
byproducts (irrigation water and fertilizer from biogas plant) for urban agriculture”. 
 
In order to implement the project a Nexus Task Force (NTF) has been officially created by 
the People’s Committee of Da Nang City and a Memorandum of Understanding (MoU) has 
been signed to formalize and structure the cooperation between GIZ Nexus Project and DPI. 
 
A cooperation between the World Bank and GIZ is aimed at also promoted by DPI, DoNRE 
and DPC. Experience sharing and mutual consultation are ongoing. 
 

4.0 Advantages of vacuum sewer system in general 

 
The vacuum sewer system is an approach allowing financially feasible sand technically 
sound separated storm water and waste water drainage. It moreover bears the advantage 
that the former mixed storm water and waste water piping system can be maintained being 
used to lay the vacuum sewer pipe inside while keeping the pipes for storm water drainage. 
The vacuum sewer system is a completely tight/sealed system with PVC pipes of 90 mm.  
 
Within the conventional system based on gravity sewer, pumping and an expensive 
channeling system of concrete pipes with diameters of 150-200 mm including manholes a 
separated waste water and storm water drainage system is not affordable for the majority of 
the urban centers.   
 
Moreover, the conventional wastewater treatment system requires huge areas of land for 
conventional waste water treatment plants with extensive ponds. The ponds are emitters of 
methane which has a negative impact on the climate 25 times higher than CO2 (ecological 
foot print).  
 
In times of increasing shortage of land and competing interests for land use (trade-offs), 
wastewater treatment systems reducing the use of land needed for other competing usage 
and reducing overall costs for installation and maintenance seeking for “minimal invasion” 
should be brought forward.  
 
  

                                                
5
 Reference is only made to the water/waste water sector here, not to other sectors of the World Bank Project “Da Nang 

Sustainable City Development Project”. 
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5.0 Comparison between Vacuum and Septic Tank Systems in general 

 
In the following a systematic comparison of vacuum sewerage and the septic tank system is 
given  
 

VACUUM SEWERAGE SEPTIC TANK 

Completely tight, contained system – no risk 
of smell along houses and pipe network 

Open system – real smell nuisance 

No exfiltration possible – Protection of 
groundwater  

Pollution of groundwater – risk of infection 
exfiltration from septic tanks into the 
surrounding due to fissures and/or cracks in 
concrete – or brick walls 

Continuous aeration of the system – less gas 
is developed 

Anaerobic processes – gases are produced 
and must be vented (air-outlet with filter) 

System is still functioning when certain solids 
(napkins, food items, small toys, etc.) are 
contained in wastewater 

Sensitive system – foreign objects/solids are 
greatly reducing the efficiency of the septic 
tank 

High flow capacity and velocity – No fresh 
water required for flushing/ cleaning 

Excess load (when more people are in the 
house) could result in materials moving 
through the system too quickly to be 
decomposed  blocking may occur and 
cleaning becomes necessary  

Little space required for collection chamber Some cubic meters of space required close 
to each house 

Centralized maintenance at vacuum station 
only  

De-central maintenance at every house 
necessary. Risk that professional 
maintenance cannot be guaranteed 

Full control of the flows and system Fully de-centralized control almost 
impossible (or at very high cost) 

No contact with effluents during maintenance Tank has to be opened when maintained – 
contact with effluents for maintenance 
personnel 

No maintenance needed for the collection 
chambers. Annual control only 

Tanks have to be cleaned and emptied 
frequently by vacuum cleaning system 

No dependence on external circumstances Purification effect varying – depending on 
many external circumstances 

No contamination of surroundings and/or 
groundwater combined laying of potable 
water pipe and vacuum sewer in one trench 
possible to save costs 

Direct contamination of surroundings and 
groundwater in case of overflowing (rainy 
season) 

Independence from gravity slope  Always slope between house outlet and 
septic tank required 

 

5.1 Major advantages of vacuum sewerage are:  

 
• Contained system: no leakages, no ex-/infiltration, no smell nuisance, no overflowing 

during rainy season 
• Shallow and small trenches, dramatically reduced excavation work, saving of 

construction time/cost 
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• Small diameter HDPE pipes (d90-d250), little impact on local traffic 
• No sedimentation/clogging, self-cleaning due to high velocity of wastewater transport 

> 5m/s 
• Centralized vacuum station instead of many lift stations and manholes 
• No electrical connections/ energy consumption, except at vacuum station 
• Reduced maintenance/ operational costs 
 

5.2 Summarized description of septic/collection tanks: 

 
• The term “septic” refers to the anaerobic bacterial environment that develops in the 

tank which decomposes or mineralizes the waste discharged into the tank; 
• However, periodic preventive maintenance is required to remove the irreducible 

solids that settle and gradually fill the tank, reducing its efficiency; 
• Black-water constitutes only around 10% of domestic wastewater being discharged; 
• However, this modest volume contains approx. 99% of pathogens (that cause 

typhoid, bilharzias and diarrhea);  
• Black-water contains 90% of nitrogen, 80% of phosphorus and 40-75% of organic 

matter (BOD) in the waste-water; 
• Septic tanks are not efficient, only 30% of organic matter are removed prior to 

discharge; 
• Even an optimal functional septic tank is one of the most significant sources of 

organic matter (BOD); 
• Even if all the septic tanks in Da Nang were functioning properly: 

 The discharge of BOD will be still very high; 

 The discharge of nitrogen and phosphorus are not reduced at all; 
 

6.0 Sustainable Waste Water Solutions6  

 
Why Vacuum Sewerage Systems? 
• Vacuum sewerage systems are reducing the impact on the environment and have 

the lowest carbon footprint of any municipal sewerage system; 
• Vacuum sewerage systems are collecting waste-water by vacuum means, thereby 

minimizing the risks to the environment 
 
Vacuum system offers important advantages: 
• Closed systems with no leakage or smell 
• No contamination of groundwater 
• No infiltration of external water  
• Lightweight small diameter sewer pipes, ease of installation; 
• Shallow and small trenches; 
• No manholes, no lift stations; 
• Only one central vacuum station instead of many lift stations; 
• Speed of construction is greatly increased; 
• Greatly reduced construction costs; 
• Flexible pipeline construction; 
• Easy to lay pipelines around obstacles 

                                                
6
 Source: RoeVac® Vacuum Sewer Systems 

 



 

15 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sewer and water pipes can be laid in a common trench 
 

6.1 Kitchen bio waste 

 
• Kitchen bio waste is processed alongside domestic 

wastewater 
• The kitchen is equipped with an appliance for 

shredding kitchen waste.  
• Installed under the kitchen sink, adds shredded bio 

waste to the wastewater outflow 
 
Main advantage of treating wastewater and kitchen 
waste together: 
• No hygienic problems or odours from waste 

containers  
• The organic kitchen waste substantially increases 

the biogas yield of the wastewater treatment plant 
• Higher volume of biogas 
 

 
RoeVac® Vacuum Sewer Systems  

Vacuum Sewer Pipe 

Water Pipe 

Storm Water Pipe 
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7.0 Overall concept 

 
In order to find an adequate solution for sustainable waste water treatment for Da Nang City 
the GIZ Nexus Project promotes the waste water vacuum sewer collection system allowing 
also further usage of sludge combined with organic waste from households, restaurants and 
hotels for energy production, the treated waste water for irrigation purposes (urban 
agriculture, green areas) and the remaining agricultural residues for organic fertilizer and 
night soil.  

7.1 Da Nang Vacuum Pilot Sewer Collection System (household survey, 1st phase) 

 
The DPI and DoNRE intend to implement a pilot on vacuum sewer collection in Anhai Bac 
Ward with 110 households to gain concrete experiences on the technology which apparently 
is apt for waste water collection and treatment in Da Nang because of the high ground water 
level, narrow walkways/accessibility to connect septic tanks, the pollution of the groundwater 
and the river with coli bacteria and the unaffordable costs of conventionally separated waste 
water and drainage water systems to be installed.  
 
As the vacuum sewer system with waste water treatment and further usages is a 
comprehensive concept involving innovative technologies a step by step approach is 
recommended in order to avoid risks. It should be accompanied by a M&E system and on-
job training (capacity building) for the human resources for maintenance and repair of the 
system.  
 
As a first step, a household survey has been conducted in March 2014 to get a preliminary 
idea of the sanitary conditions of the households in the selected pilot area. 
 

Da Nang, Eastern coastal area, household survey  
16/3/2014 

Total number of households 110 

 

Households interviewed 79  72 % Sanitary ware in households 

Interview denied 8  7,3 % Toilets 

     yes 79  100 % 

 no 0  0 % 

Household owner lives in the house 75  95 % Shower 

House is rented 4  5,1 % yes 74  94 % 

 no 5  6,3 % 

House has a septic/collection tank 78  99 % Bathtub 

House is directly connected 1  1,3 % yes 13  16 % 

 no 65  82 % 

Septic/collection tank is located:  Urinal 

under the bathroom 70  89 % yes 36  46 % 

under the kitchen 7  8,9 % no 43  54 % 

don’t know 1  1,3 % Bidet 

 yes 77  97 % 

House connected to the sewer system no 2  2,5 % 

yes 56  71 % Kitchen sink 

no 23  29 % yes 77  97 % 

 no 2  2,5 % 

Household has water meter Washing machine 

yes 79  100 % yes 61  77 % 
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no 0  0 % no 18  23 % 

 

Average of monthly payment for water Average of monthly water consumption 

per household in VND 9.5013,00 per household in liter
 

17.580  

 
The survey shows that 95% of the houses are inhabited by the owners. The great majority of 

the households
7

 (99%) are connected to the sewer line. In 71% of the households the 

effluent of the septic tanks is connected to the sewer line running behind the houses in the 
small walkways of 1, 4 m. In 89% the septic tanks are located under the bathroom in the 
back part of the house. 
100% of the households dispose of toilets, 94% dispose of showers, 97% have kitchen sinks 
and 77% have washing machines. 
 
100% of the households have water meters. On an average they pay VND 95.000 (USD 5) 
monthly8.  
 
7.2 In- depth survey (household survey, 2nd phase) 
 
Between April 12-22, 2014 an in - depth physical survey on the 110 households, their 
bathrooms, toilets, kitchens and septic tanks including the walkways behind the houses as 
well as the complete sewer/storm water drainage system was conducted in An Hai Bac 
Ward in the Eastern Coastal Area of Da Nang. The septic tanks were analyzed in detail in 
order to identify practical technical solutions of by-passing them in order to connect the black 
and grey water directly to vacuum sewer collection chambers and vacuum collection station.  
 
During a public consultation on April 13, 2014 with the citizens of An Hai Bac Ward9 the 
concept was explained. They agreed and supported the research work pro-actively allowing 
access to the individual households including taking measurements of heights, widths, and 
locations of bathrooms, toilets, kitchens, corridors and sewer connections including distance 
to sewer lines were taken. During this effort, one septic tank (Ly Van To, Household No. 21) 
was emptied and analyzed before and after drilling with a borescope.  
 
 
 
 
 
 
 
 
 
 
 
 
  

                                                
7 The greywater from the kitchen, shower/bathrooms. 
8
 The costs for water consumption are subsidized. 

9
 55 Representatives including community leaders participated representing 50% of the households of An Hai Bac Ward. 
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Analyzing sewer line in Suong Nguyet Anh walkway 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pipes for effluent of septic tanks and for grey water from households entering the sewer line in walkway  
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Opening connection of Suong Nguyet Anh walkway sewer line to Suong Nguyet Anh main road sewer line 
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Emptying of septic tank at House No. 21 on Ly Van To Street 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Emptying septic tank with borescope photos of contents of septic tank before and after 
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7.3 Minimal invasion strategy 

 
On the basis of these measurements technical drawings for each household have been 
elaborated in AutoCAD including the proposed individual technical solution for every 
household. Based on these drawings a concept for the connection of each household to the 
new vacuum sewer collection system to be installed was elaborated.   
 
Technical drawings for 66 of the 110 households on the basis of the measurements taken 
have been elaborated showing the existing situation as well as the particular solution 
proposed. 
 
The concept presented here follows a strategy of “minimal invasion” into existing 
structures and the privacy of households (bathrooms, toilets, kitchens). 
 
This physical research has clearly demonstrated that in An Hai Bac Ward a connection of 
the black water from the toilets and the grey water can only be done through the walkways 
at the backside of the houses to minimize costs and disturbance for the inhabitants following 
the concept of “minimal invasion” mentioned above.  
 
If one would intend to connect from the front side the whole flooring from the 
toilet/bathroom/shower usually placed in the back part of the houses up to the front (corridor, 
living/dining) would have to be opened, destroyed and hence replaced after pipe laying 
(higher costs). Moreover, the pipes and manholes to be used within the conventional system 
have a bigger diameter not allowing to lay them in the walkways with a width of 1,4 meter. 
 
Theoretical connecting from the front would also imply a much bigger and longer disturbance 
for the inhabitants. A connection from the front to the toilets hence is not a viable option.   
 
Probably, the vacuum sewer collection pilot in Anhai Bac Ward comprising 110 households 
could become part of the pilot project for the 40.000 households in the framework of your 
World Bank “Da Nang Sustainable City Development Program” with the solution outlined 
above to be scaled up thereafter for the whole Eastern Coastal Area.   
 

It is common knowledge that a vacuum sewer collection system intending to generate 
energy only becomes feasible from 5000 PE onward.  However, this is only supposed to be 
a pilot to test and prove the technology before it could be scaled up including energy 
production, using the treated waste water for irrigation purposes (urban agriculture, green 
areas) and the remaining residues as organic fertilizer and night soil.  

 

7.4 Urban development considerations 
 
From the urban planning point of view, the walkways now dirty, dark and hardly used as the 
doors of the households have to remain closed to avoid rats, cockroaches and bad odour 
entering the houses could become pleasant meeting points for the neighbourhood covered 
with natural stone pavement with a slope to the middle. Their height would be adjusted to 
the varying heights of the houses to avoid storm water from flowing into the houses but 
draining into the newly created storm water drainage being the mixed waste water and storm 
water line before. 
Rats as well as cockroaches would not have a breeding ground and a survival basis 
anymore because of a closed sewer system and the bad odour would stop to exist. 
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With more people making use of the backyard walkways and opened doors they would 
become safe habitation and playground for the children. 

With complementary lighting via photovoltaic they could become recreational areas 
improving the quality of life in the city in an environmentally safe habitat.  

 

7.5 Summery of physical household sanitation survey 
 
Summarizing, the following can be stated:  

 The great majority of septic tanks in An Hai Bac Ward in the Eastern Coastal Area of 
Da Nang has been built between 2000 and 2004.  

 The great majority of the septic tanks has never been emptied.   

 Cost estimate for connection of 110 households in An Hai Bac amounts to USD 
45.000.10 

 People in An Hai Bac Ward complained about bad odor and rats. 

 No money for waste water treatment is charged except one would have the septic 
tanks emptied.11  

 The few septic tanks emptied in An Hai Bac Ward between 2004 and 2009 were 
emptied because of an initiative of the community authorities who paid for the 
emptying services.  

 
With Da Nang being built on wetland (alluvial soil) at the coast line with a river entering one 
can assume that the ground water has already contaminated the river and the ocean. With 
the low tide the groundwater is drained into the river and the ocean on a regular basis.  
 
Da Nang being a beautiful city and a hotspot for tourism is sitting on a time bomb with all its 
unemptied septic tanks not sealed (any more) at the bottom. There is a high concentration of 
fecal matters inside the septic tanks trickling down to the groundwater.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Filled septic tank with slab Feaces during gasification process (methane)  

Individual septic tanks are not considered an adequate solution for urban agglomerations 
because:  
 

 It is uneconomical;  

                                                
10 Total costs inside households up to vacuum chambers. 
11

 One m3 of waste water to be removed by the vacuum truck costs VND 250.000 (USD 13). 
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 their construction cannot be controlled in particular with regard to whether the bottom 
is sealed; 

 the durability extends to maximum 3-5 years of complete tightness (if built out of 
brick or concrete), thereafter contamination to the surrounding soil and ground water 
occurs;  

 they emit methane to the air through their ventilation pumps.  
 

8.0 The criteria for selection of 110 households in An Hai Bac Ward, Son Tra 
district for the pilot vacuum system.  

 
The situation of the households in An Hai Bac Ward, Son Tra district was considered the 
most difficult one in terms of positioning of kitchens, bathrooms, toilets and septic tanks i.e. 
the whole sanitation block after a thorough analysis of the different residential settlement 
areas in the Eastern Coastal Area. At the same time, it was also considered the most 
typical one in regard to location of kitchens, bathrooms, toilets and septic tanks within the 
residential settlement areas in the Eastern Coastal Area. 
The number of households can be increased if wished so. However, DoNRE would have to 
indicate how many additional households are supposed to be connected. 
An economic feasible investment encompasses 5000 PE (person equivalents). However, 
another in-depth study taking a couple of months would have to be implemented. Financing 
means are not secured for this in depth study at this moment.   
As we are talking about a new technology, at least for Vietnam, we highly recommend to go 
for a pilot with a reduced number of households first. The experiences gained out of the pilot 
them can be used to scale up the number of households to be connected in large scale on a 
safe basis after thoroughly monitoring and evaluating the pilot vacuum sewerage system.   
 

9.0 Location for installing the central vacuum station for the pilot project  

 
The location for the central vacuum station for the pilot project requires 10-12 m2 of plot 
area ideally owned by Da Nang government in order to avoid lengthy negotiations with 
residents owning plots for the proposed location. It would be most recommendable to have it 
installed near to the pilot area for the time being. It is actually designed to connect up to 500 
households treating their waste water including fecal matters.  
The vacuum station can be installed in a 20 feet container hence being protected and at the 
same time mobile to be placed to another location later on if so required in the framework of 
scaling up.  
The vacuum station has to be connected to an existing sewer line leading to a waste water 
treatment plant. As there is an existing combined surface water and waste water drainage in 
An Hai Bac Ward, it is easy to connect the vacuum station within An Hai Bac Ward to the  
existing combined surface water and waste water drainage.  
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10. The feasibility of the pilot project and the feasibility to apply/scale up for the 
whole city.  

 
According to our findings An Hai Bac Ward of Son Tra District area does not have a new 
infrastructure corresponding to the wastewater management strategy of Da Nang City 
towards 2020 and orientations towards 2040 (approved by the People's Committee at 
Decision No. 8438/QD-UBND dated 03/11/2010).  
Only the overflow of the septic tanks as well as the grey water from the kitchens, bathrooms 
and showers are connected to the combined surface water/waste water drainage system 
causing odor and a runway for rats and cockroaches as well as risk of infection for residents 
due to pathogens contained in the septic tank overflow.  
As the septic tanks have ventilation pipes, methane gas is released to the environment 
contributing to global warming. Unlike in septic tanks, waste-water is not stored in the 
collection chambers of a vacuum sewerage system, but regularly transported to vacuum 
station, every time the sump has reached a pre-set waste-water volume. Furthermore, there 
is no possibility that methane, hydrogen-sulfide and phosphorus gases can be produced and 
released as the collection chamber sump is completely emptied within seconds with every 
single vacuum-valve activation. 
The septic tanks in An Hai Bac Ward dispose of one chamber only, which is a collection tank 
rather than a septic tank. They were constructed roughly around the year 2000 and never 
emptied since. Fecal matters are contaminating the soil and the ground water as the life 
span of septic tanks is considered 3-5 years if constructed out of concrete. Because of the 
low ground water level the Han River is already contaminated with coliform bacteria which 
are hazardous for residents’ health. 
There is not one central treatment plant in Da Nang but four treatment plants servicing a 
population of 378,000 residents or approximately 40 % of the current City population. 
However, the collected combined sewage has a characteristically low organic load 
concentration (in terms of BOD) for which treatment is actually not required during the rainy 
season, causing the operators to discontinue the use of the Combined Sewer Overflow 
pumping stations and release the diluted wastewater to the receiving water bodies including 
the beach areas on the Son Tra peninsula. 
In the framework of introducing the vacuum sewer collection system step by step in a 
modular system the existing treatment plants would have to be upgraded and modernized to 
receive waste water with high organic content and gain energy out of it besides treating it to 
producing irrigation water and generating organic fertilizer and night soil. 
Finally, the whole city could be covered by a vacuum sewer collection system on the basis of 
a semi-centralized waste water management system with the “by” products of energy, 
irrigation water, fertilizer and night soil. However, in order to reach this objective a 
comprehensive feasibility study has to be conducted based on the experiences of the pilot 
project in An Hai Bac Ward.  
 

11. Risks, operational problems with wastewater collection vacuum technology 

 
If the vacuum sewer collection system is installed properly, there should be no further risk. 
The operating staff would be trained during the installation of the system and hence would 
be able to operate the system. It is very easy to handle for staff already dealing with waste 
water issues.  
There would be hardly any odor while transporting the sewage through the combined 
surface water and waste water drainage to the treatment plant if the manholes are sealed 
well as the waste water is still very diluted (if we remain with the pilot of 110 households).  
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The treatment plants are anyway covered to reduce the odor, so no additional odor should 
occur at the treatment plant.  
In case of power outrage the vacuum collection system continues functioning for up to 3-4 
hours. Thereafter, flushing of toilets comes to an end. However, we assume the power 
outrages are normally solved within the given time frame of 3-4 hours in Da Nang. It is also 
possible to install a battery-backup which gives an additional 2-3 hour service time. 
In comparison to the conventional gravity system there is at least a buffer of 3-4 hours 
keeping the system functional. That is not the case with the conventional gravity system if 
power cuts occur. The gravity system immediately stops functioning once there is no 
electricity as the pumps have to continuously pump the waste water.  
With the vacuum sewer collection system there is no electrical connection except at vacuum 
station. 
 

12. Comparing investment/finance for wastewater collection by vacuum 
technology versus gravity system  

 
Basically the vacuum sewer system is more cost-efficient than the conventional gravity 
system as only shallow and small trenches are required, i.e. dramatically reduced 
excavation work, the pipes only have a diameter of 90-250 mm, and there is no electrical 
connection except at the vacuum station.  
With the vacuum sewer collection system the city of Da Nang can save up to 40% of the 
costs in comparison to the conventional gravity system. 
With regard to operational costs the vacuum sewer collection system is also more 
economical as one requires only a centralized vacuum station instead of many lift stations 
and manholes, there is no electrical connection except at the vacuum station, there is no 
sedimentation and clogging, as it is a self-cleaning system due to high velocity of waste 
water transport (5 m/s).  Leakages can be easily detected and repaired, overflowing is not 
possible as the system is completely contained, no in-filtration or ex-filtration is possible. 
However, as citizens nowadays have to build their own septic tanks and bear the respective 
costs, we recommend that in future, once the vacuum sewer collection system is installed, a 
new regulation with regard to collecting fees from the citizens by the local government 
should be introduced to start (re-)covering the waste water treatment costs. Moreover, a 
compulsory connection regulation for citizens should be enacted to make the system 
become effective and pay off.  
 

13. Transfer of technology  

 
The operating staff would be trained during the installation (“on-the-job”) of the system and 
hence would be able to operate the system. It is very easy to handle for staff already dealing 
with waste water issues and requires no additional or special knowledge apart from the on-
the-job training. 
Saigon Environmental Design Consultancy Service JSC. (SEDC) partnering with Bilfinger 
Water Technologies GmbH in Germany will provide a warranty of one year after date of 
commissioning and is guaranteeing immediate support in case of problems in operating the 
system occur. 
Only the valve-membranes would be changed every 5-6 years (15 € p. piece) and provided 
by Bilfinger Water Technologies GmbH in Germany. The rest of the equipment is available 
on the Vietnamese market. The vacuum chambers are maintenance-free (there are no 
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electrical connections in the chamber) and the vacuum station requires usual maintenance 
as for any other pump/electrical system used in conventional wastewater systems. 
As SEDC is the official representative of Bilfinger Water Technologies GmbH, the provision 
of the valve-membranes and the maintenance of the vacuum station after the warranty 
period will be guaranteed through a service-agreement between SEDC/Bilfinger and Da 
Nang city. 
 

14.0 Cost comparison between gravity sewer and vacuum sewer12  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                
12 See cost comparison of SEDC, presented as separate document. 
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INVESTMENT COST OF VACUUM SEWER SYSTEM 

  
    

Ex Rate: 29.198 VND = 1 €   
                  

No. Items Description Unit Qt. 
Price Unit Amount 

VND Euro VND Euro 

1 Investment cost         

1.1 Connection pipe 
from house to 
collection 
chambers 

Using pipe uPVC Þ49, 60, 114 with total 
length is about 10m (based on GIZ 
calculation on exactly 78 households) 

110 
house 

1 1.040.373.404 35.631,67 1.040.373.404 35.631,67 

1.2 Construction 
cost of vacuum 
sewer system 

- Using 30 collection chambers along the 
network; 
- Using one vacuum station to pump 
wastewater to SPS2 
- Total length of vacuum network is 735 m; 
(using HDPE D90, 110, 125, 140) 
- Using 580m pressure pipe HDPE D90 to 
pump wastewater from VS to SPS2 

system 1 1.240.589.125 42.488,84 1.240.589.125 42.488,84 

1.3 Equipment cost 
of vacuum 
sewer system 

- Using 30 collection chambers type 
RoVac ® G50 
- Using one vacuum station (incl. 3 
vacuum pumps 3,5kW, 2 discharge pumps 
4,0kW, 1 vessel 3m3) 

system 1 4.472.757.600 153.187,12 4.472.757.600 153.187,12 

TOTAL (WITHOUT TAXS, CUSTOMS, ETC.)     6.753.720.129 231.308,00 
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INVESTMENT COST OF GRAVITY SEWER SYSTEM 

  
    

Ex Rate: 29.198 VND = 1 €   
                  

No. Items Description Unit Qt. 
Price Unit Amount 

VND Euro VND Euro 

1 Investment cost         

1.1 Connection 
pipe from 
house to 
manhole 

- Pipe must connect to front of the 
house; 
- Using pipe uPVC Þ60, 90, 114 with 
average length using for one house is 
51m 

house 110 30.105.767 1.031,09 3.311.634.370 113.419,90 

1.2 Construction 
cost of gravity 
sewer system 

- Using 48 manhole along the network; 
- Using 9 lift stations  
- Total length of gravity network is 890 
m; (using HDPE D200, HDPED300, 
HDPED400) with 2.5%gravity slope 
- Total pressure pipe to transfer 
wastewater from lift station 9 to SPS2 
is 600m; (using HDPE D90) 

system 1 5.644.105.921 193.304,54 5.644.105.921 193.304,54 

1.3 Equipment 
cost of gravity 
sewer system 

- Using 9 trash screening 0,5x0,5x1,5m 
- Using 18 submerge pump 4kw 

system 1 3.714.688.000 127.224,06 3.714.688.000 127.224,06 

TOTAL (WITHOUT TAXS, CUSTOMS, ETC.)     12.670.428.291 433.948,00 
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Technology selection 
 

Items Vacuum sewer system Gravity sewer system 

Environment 

 Completely tight, contained system – no risk of smell 
along houses and pipe network; 

 No exfiltration possible – Protection of groundwater; 

 Continuous aeration of the system – less gas is 
developed;  

 System is still functioning when certain solids 
(napkins, food items, small toys, etc.) are contained in 
wastewater;  

 Small diameter HDPE pipes (d90-d250), little impact 
on local traffic 

 No sedimentation/clogging, self-cleaning due to high 
velocity of wastewater transport > 5m/s 

 Shallow and small trenches, dramatically reduced 
excavation work, saving of construction time/cost; 

 Centralized vacuum station instead of many lift 
stations and manholes 

 

 Open system - real smell nuisance at manholes; 

 Pollution of groundwater – risk of infection 
exfiltration from manholes into the surrounding due 
to fissures and/or cracks in concrete; 

 The system is often clogged, local flooded without 
periodic maintenance; 

 Pipe diameters increase with increasing volume of 
water being transported; (minimum with 
dia.200mm); 

 Depth and big trenches, dramatically increased 
excavation work; 

 Must annual maintenance at the manholes and 
pipeline network;  

 Concrete manholes will be ex-filtrating wastewater 
into groundwater (contamination of drinking water 
and nearby river); 

 Wastewater will distributed all over the living area 
during rainy season due to overflowing of 
manholes/lifting stations (health hazard, bad smell, 
affecting functionality of pumps) ! 

 Bad Smell at manholes cannot be avoided (or 
treated with chemicals) as manholes are overflown 
during rainy season and too dry during dry season 
(insufficient flow = sedimentation); 
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Items Vacuum sewer system Gravity sewer system 

 During power outage pumps will not run and there 
will be wastewater congestion running into the 
network (wastewater will flow back into houses and 
spill out of house toilets. 

Construction condition 

 Connecting pipe from kitchen area in back side of 
house. /this can receive acceptance of owners; 

 Vacuum sewer system will be located under the 
walkway. Doing construction in there won’t affect to 
the local traffic 

 Using smaller diameters helps avoid underground 
constructions esily; 

 

 Digging through all floors from the street front up to 
the backyard of the houses. This will hardly be an 
acceptance from the household owners; 

 Gravity sewer system has to be laid under the 
pavement in front of the house  affect to the local 
traffic; 

 Using large diameters causes difficulties when 
pipeline meet underground constructions. 

 

Operation and maintenance 

Labour 

 Annual check of collection chambers;  

 Regular check of vacuum station 

 Optional air treatment only at vacuum station (biofilter) 

 Regular check of manholes 

 Pipeline inspection, CCTV inspections 

 Cleaning accumulated sludge, slime and debris 

(jetting with high-pressure) 

Repair/ 

Replacement 

 Oil and filters to vacuum pumps 

 Valve parts (few pieces, membranes) 

 Oil discharge pumps and lifting stations 

 Manhole / sewer rehabilitation 

Energy consumption 

 Only energy consumption at vacuum station; 

 Only using one electrical station.  

 Energy consumption at pumping station; 

 At each pumping station must have operation 

power and standby power.  

Maintenance 
 Vacuum sewer mains are self-cleaning due to high 

velocity 

 H2S (hydrogen sulphide) deodorization 

 Flushing the pipe network 

Wastewater treatment  Only wastewater  Handle big amount of infiltrated ground water 
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Items Vacuum sewer system Gravity sewer system 

 Better aerated waste water 

 Closed system - handles only wastewater of the 

community (no infiltration) 

 Handle aged and possibly septic wastewater 

 Handle wastewater from suspicious sources 

 Exfiltration risk 

 

Operation & 

Maintenance cost  

142.094.000 

VND/year 

519.148.216 

VND/year 

Investment cost  in VND 

Connection pipe from 

house (110) 
1.040.373.404 VND 3.311.634.370 VND 

Construction cost of 

system network 
1.240.589.125 VND 5.644.105.921 VND 

Equipment cost 4.472.757.600 VND 3.714.688.000 VND 

Total investment 6.753.720.129 VND 12.670.428.291 VND 

Per household 61.397.455 VND 115.185.711 VND 
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Annexes  

 

Annex 1 

References of Roediger Vacuum 6HZHUDJH System  2XWGRRU in Asia 

 

Annex 2 

DIN EN 1091, Vacuum Sewerage Systems Outside Buildings 

DWA-A 116-1E, Special Sewerage Systems, Part 1: Vacuum Sewerage Systems Outside Buildings 

 
 

Annex 3 

Technical Designs, Bills of Quantities, Cost Calculation 

 
 


