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List of abbreviations 

BOD Biochemical Oxygen Demand 

COD Chemical Oxygen Demand 

GDP Gross Domestic Product 

N Nitrogen 

TN Total Nitrogen 

TP Total Phosphorous 

TSS Total Suspended Solids 

UASB Upflow Anaerobic Sludge Blanket 

VSS Volatile Suspended Solids 

WWTP Wastewater Treatment Plant 
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1 Current situation 

Da Nang City has a population of nearly 1 million inhabitants. About 200,000 
people live on Son Tra Peninsula, situated between the Han River in the west 
and the coastline in the east. This population is growing strongly, as the trend 
towards urbanization in Vietnam is ongoing and there are still many 
unoccupied plots, especially in the south of the peninsula. At the same time, 
the average income and the GDP (gross domestic product) are increasing 
rapidly in Da Nang, affecting the way of life of the population. Between 2000 
and 2007, the regional GDP for Da Nang grew in average by 12.3 % 
annually, in 2009 it added up to US$1.48 billion in total [Ostojic et al. 2013]. 
One consequence of GDP-growth is a growing per capita water consumption, 
leading to an even stronger increase in overall water demand in connection 
with the population growth.  

Hotels and tourist resorts along the southern beaches of the peninsula play an 
important role in Da Nang’s economy, while the beaches in the north are 
used by the local population for recreation. Many currently not occupied 
pieces of land on city ground are used for urban agriculture (figure 1). During 
the dry season (January until August) they have to be irrigated.  

 

 

 

 

 

 

 

 

 

 

In Da Nang City, only approx. 16 % of the houses are connected to a 
combined sewer system. Nearly all houses have their own so-called septic 
tanks. According to Vietnamese law [Ministry of Construction 2008], 
wastewater from toilets must be treated in septic tanks before discharge into 
the sewer system, so most houses have two septic tanks: one for blackwater 
from toilets, the other one for greywater. Frequently, these septic tanks are 
situated underneath the houses and a de-sludging or maintenance is only 
possible if the floor is opened up. They usually consist of only one chamber 
and are often not tight so that wastewater infiltrates into the ground.  

Figure 1: Urban agriculture in Da Nang 
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On Son Tra Peninsula, there are two wastewater treatment plants (WWTPs) 
operating since the year 2006 [Australian Aid and The World Bank 2013]: Son 
Tra WWTP (capacity: 15,900 m3/d) and Ngu Hanh Son WWTP (capacity: 
11,600 m3/d). They use the process anaerobic pond with float cover. As the 
influent has very low concentrations of organic matter due to the pre-
treatment in the septic tanks, these anaerobic ponds do not operate 
satisfactorily. If biogas is produced, it is released into the atmosphere (global 
warming potential of methane: 25 times higher than CO2). 

2 Need for a modern wastewater concept 

If Da Nang aims to develop into a successful city with reasonable quality of 
life, it needs a modern wastewater collection and treatment concept. This 
concept should be developed step by step; its implementation could start on 
the Son Tra Peninsula. Reasons for the development of a modern wastewater 
treatment concept on Son Tra Peninsula are: 

• Due to the tourism industry’s economic importance, the beaches along 
the eastern coastline have to be kept clean, as well as the water. 
Currently, during heavy rains, the combined sewer system overflows 
towards the beaches, polluting sand and water (figure 2). Sources of 
pollution are a) litter flushed from the surfaces by rain and b) untreated 
wastewater from the connected households. 

• Da Nang experiences increasing problems to satisfy its water demand 
during dry season. Due to decreasing quality of the river water caused by 
saltwater intrusion into the rivers, water has to be pumped over long 
distances to guarantee water supply for Da Nang. 

• During rainy season, flooding is a serious problem in Da Nang. There are 
three potential causes for flooding: a) Heavy rains overburdening the 
existing drainage system, b) flooding from the rivers and c) flooding from 
the sea. These problems will increase with the rise of the sea level due to 
climate change. As the Son Tra Peninsula is mostly on flat terrain and 
bordering the sea as well as the river, it will have to cope with all three 
causes of flooding. During floods, wastewater from septic tanks and the 
sewer system containing fecal bacteria is washed into the roads and 
houses, spreading diseases. 

• The energy demand in Da Nang has been growing steadily in the last 
years (electricity consumption by 44 % between 2007 and 2010) and is 
expected to grow further. In 2010, the consumption of electricity 
accounted for nearly 1,300 GWh per year, while circa 200 GWh per year 
have been consumed as LPG [Ostojic et al. 2013]. Up to now, all energy 
consumed has to be imported from outside Da Nang. As most hydro-
power potentials in Vietnam are already used, the increasing demand has 
to be covered mainly by non-renewable sources.  

• Da Nang wants to have the image “eco-friendly city” and therefore 
needs to reduce its impact on the environment. 
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As only in a separated sewer system the contamination of the beaches with 
fecal bacteria during heavy rains can be avoided, the wastewater treatment 
concept should focus on wastewater collected separately from rainwater. 
Utilization of wastewater can help to reduce the pressure on water and 
energy resources. The treated wastewater can be reused in urban agriculture 
during dry season, while the organic load of the wastewater can be 
transformed into biogas as a renewable fuel. The wastewater collection and 
treatment facilities have to be designed flood-proof to minimize the damages 
caused during floods (e.g. spreading of diseases through fecal bacteria in the 
wastewater). At the same time, the wastewater concept has to be 
economically feasible, as the financial resources of Da Nang are limited. It has 
to be taken into account that the population of Son Tra Peninsula is expected 
to grow significantly in the coming years, as the southern part is currently 
being developed and many existing plots are not used yet. Therefore the 
concept has to be designed to meet growing waste water treatment demands 
in the future.  

3 Collection and treatment of wastewater on Son Tra Peninsula 

Whether to design the wastewater treatment facilities more centralized or 
decentralized depends on the local conditions; main criteria are costs and 
reliability of operation. In areas with higher population density, the units for 
wastewater treatment are typically larger than in areas with lower density. On 
the one hand, in larger scale, specific investment costs for wastewater 
treatment are lower as many items need to be purchased only once. On the 
other hand, the operation costs for transport of water are higher in 
centralized systems, especially if it is supposed to be reused close to its origin. 

Figure 2: Overflow of combined sewer system to the 
beaches 
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Regarding wastewater reuse, quality control is an important issue, and this 
again is easier in more centralized systems. Also the utilization of biogas is 
more economic in a larger scale concept.  

The Vietnamese law “General environmental requirements for central 
domestic (municipal) wastewater treatment plants” [TCVN / TC 147 2002] 
requires a minimum distance between the fence of a wastewater treatment 
plant and the nearest residential area between 200 and 500 meters. As the 
Son Tra Peninsula is only about 2 km wide and relatively densely populated 
with increasing tendency, it will be difficult to find many locations for 
wastewater treatment facilities here. 

To demonstrate the advantages of the vacuum sewer system to the people of 
Da Nang and thus raise the acceptance of this technology, a pilot vacuum 
sewer system shall be constructed for 110 households on Son Tra Peninsula. 
As the construction of a wastewater treatment plant for this small amount of 
wastewater is economically not feasible, this wastewater will be discharged 
into the existing sewer system and treated in the existing WWTP Son Tra.  

After the successful demonstration of the vacuum sewer technology, more 
households will be connected to this separate system (see table 1 for a 
possible timetable). For the treatment of the separately collected household 
wastewater, a modular WWTP should be built. This WWTP should be medium 
sized to be cost-efficient and to demonstrate technologies for the production 
of biogas and reuse of treated wastewater for the first time in Da Nang. A 
reasonable dimension is a capacity of 30,000 inhabitants (4,000 m3/d). It 
consists of three parallel lines (modules), so that it can be operated in a 
flexible way and start operation when wastewater of approx. 5,000 
inhabitants is collected. The existing WWTP Son Tra has a total capacity of 
approx. 16,000 m3/d, therefore the additional 700 m3/d from the pilot 
vacuum sewer system will not overload it while the new WWTP is being 
constructed. 

 

 

 

 

 

 

 

 

 

 

WWTP 
Son Tra 

Figure 3: Area of existing WWTP Son Tra 
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As space is limited on Son Tra Peninsula, it is recommended to treat the 
wastewater of the peninsula in two locations (figure 4), in the north (WWTP-
N) and in the south (WWTP-S). Because the existing WWTP’s are not state-of-
the-art, they should be closed down and replaced by new WWTP’s step by 
step. WWTP-N should be situated in the area of the industrial zone in the 
north. It should be examined if it can be constructed at the site of the 
currently operating WWTP Son Tra (figure 3). With an area of around 1 ha 
only for the anaerobic tanks, this site offers ample space. If the free areas 
close to the WWTP are still available, the first modules of the new WWTP-N 
should be constructed on these areas. This would enable the ongoing 
operation of WWTP Son Tra during construction and while WWTP-N does not 
have sufficient capacity to treat all the incoming wastewater. It is not 
recommended to redirect the current inflow of WWTP Son Tra to the new 
WWTP-N, though, as this inflow is not concentrated enough for a biological 
treatment process. Only wastewater collected separately and without storage 
in a septic tank should be treated in WWTP-N to guarantee a stable treatment 
process. If most of the domestic wastewater flowing to WWTP Son Tra has 
been captured in the separate sewer system, the old WWTP should be shut 
down and new modules for the new WWTP-N can be constructed on the site 
of the old WWTP. As the treatment process will be different, the old tanks 
should not be used for the new WWTP, but new tanks with the right 
specifications should be built. 

For WWTP-S, a new site should be found in the south of the peninsula. 
Alternatively, the wastewater can also be pumped to Hoa Xuan WWTP 
approx. 10 km to the west of the peninsula, which is currently being designed 
and which is intended for the wastewater of Son Tra Peninsula in the 
Sustainable City Development Project of the World Bank [The World Bank 
2013]. 

The vacuum sewer network should be designed in a way that each vacuum 
station serves a network with a radius less than 5 km, which is the technical 
limit for the transport of wastewater by under-pressure. The first vacuum 
station should be situated in the central part of the peninsula, near the pilot 
area. As soon as WWTP-N is starting operation, the wastewater collected in 
this vacuum station should be pumped to the WWTP via a pressure line. The 
vacuum station for the northern part should be located on the site of the 
WWTP. The southern vacuum station should be located close to the 
connected plots, even if WWTP-S will be located at the site of Hoa Xuan due 
to the technical limit of transport by vacuum. 
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Table 1: Possible timeframe for connection of households and WWTPs 

Year Number of 
connections 

Treatment of wastewater 

2014 0  
2015 100 Discharge to existing WWTP, design of WWTP-N 
2016 2,000 Construction of WWTP-N, start of operation (first 

line) 
2017 6,000 Design of WWTP-S 
2018 10,000 Construction of WWTP-S, start of operation 
2019 15,000  
2020 20,000  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The wastewater treatment facilities should be constructed step by step, as the 
amount of wastewater will be increasing with the construction of the 

WWTP-N  

WWTP-S

Figure 4: Possible locations of WWTPs 
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connections to the sewer system and an over-dimensioned treatment plant 
does not operate efficiently. The plants should be designed in parallel lines, so 
that with increasing wastewater quantities one line after the other will start 
operation. Figure 5 shows a possible strategy for the start-up of the WWTP’s. 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The high-rise buildings in the area should be connected to the vacuum sewer 
system as well. It has to be considered that special tanks might be necessary 
in front of the buildings for the transfer of the wastewater from the gravity 
system in the buildings to the vacuum system due to the large volume of 
water coming from the buildings. Most hotels and resorts in the area should 
be as well connected to the vacuum sewer system, as they are all located 
close to residential areas or planned residential areas and they are too small 
for an economical on-site-treatment of their wastewater. Only four hotels or 
resorts have a size that could make the onsite-treatment economically 
feasible, although Muong Thanh Hotel does not have a need for irrigation 
water so it should also connect to the vacuum system. In the case of Crowne 
Plaza Da Nang Resort, Premier Village Da Nang Resort and Hyatt Regency Da 

Figure 5: Possible timeline for connection of households and construction of WWTPs 
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Nang Resort, it has to be checked if their existing wastewater treatment 
plants are in good conditions and if they could be upgraded to provide 
treated water for the irrigation of the green areas belonging to them and to 
provide biogas for their kitchens. Fusion Maia Resort, Vinpearl Luxury Da 
Nang Resort, and Olalani Resort already use their treated wastewater for 
irrigation, so there is no need for them to connect to the vacuum system as 
long as their treatment plants run well. 

The industrial zones on Son Tra Peninsula are Danang Fishery Services located 
in Tho Quang Ward, Son Tra district (58 ha), and Danang Industrial Zone 
located in An Hai Ward, Son Tra district (50 ha). Their main industries are 
seafood processing, manufacturing, warehousing, and services. Compared to 
the wastewater from households in Son Tra district, the quantity of 
wastewater from these industrial zones is low (less than 10%). If there are no 
toxic substances in these industrial wastewaters, they can be treated together 
with the household wastewater in WWTP-N. Wastewaters with toxic 
substances must not be discharged into WWTP-N, as this could make a reuse 
impossible. Here, a pre-treatment to remove the toxicity is necessary at the 
company before discharging it into the sewer system. 

As the vacuum lines are tight and no exfiltration is possible, they can be laid 
in the same trench as other supply lines like water, communication lines and 
electricity lines. In the existing settlements it should be checked if the 
electricity lines that are currently installed above ground can be installed 
underground together with the vacuum sewer lines. If the People’s 
Committee of Da Nang decides that the Son Tra Peninsula shall be connected 
to a vacuum sewer system, all new development areas should be equipped 
with vacuum pipes from the beginning, even if they cannot be connected to 
the vacuum sewer system right away. For the transition time, their 
wastewater has to be discharged together with the rainwater to an existing 
WWTP. If the vacuum system is connected, the pure rainwater can be 
discharged into the river or the sea. 

The first modules of WWTP-N should demonstrate the feasibility of modern 
wastewater treatment technologies in a moderate scale. In the long run, 
WWTP-N and WWTP-S should be able to treat all wastewater originating 
from the Son Tra Peninsula. To be able to design these two wastewater 
treatment plants according to the future needs, a thorough study of the 
expected population growth and of the increase of per capita water 
consumption has to be made prior to designing the treatment plants. A 
recent study expects the population of this area to increase to 800,000 
inhabitants until the year 2040, while the per capita water consumption is 
also expected to grow [CDIA 2012]. This would mean that the amount of 
wastewater generated in this area would be many times higher than it is 
currently. This development should be anticipated for the design of WWTP-N 
and WWTP-S to prevent very expensive extensions of the plants in the future. 
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4 Wastewater treatment process for WWTP-N 

The recommended treatment process for the first three modules of WWTP-N 
is described in the following (see also figure 6). The values given in the 
scheme are explained in Annex 1. After collecting experiences in this medium 
scale, the rest of WWTP-N and WWTP-S can be designed in a similar way. 

After the removal of larger solids and sand, the remaining solids are separated 
in a settling tank and pumped to an anaerobic digester. Here they are treated 
with 10 days retention time, and the organic substances are transformed into 
biogas. The remaining sludge is dewatered and the water is returned to the 
wastewater influent. The dewatered solids are disinfected and can then be 
used as fertilizer in urban agriculture and for remediation of soils. The liquid 
overflow of the pre-treatment is treated in an anaerobic bioreactor, in which 
part of the organic load is transformed into biogas. The effluent of the 
anaerobic tank is polished by an aerobic treatment.  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

The nutrients phosphorous and nitrogen are not significantly removed in the 
anaerobic process (removal < 5 % of inflow concentrations). If the water is 
going to be used in irrigation, the nutrients can remain in the water for 
fertilization. The utilization of the nutrients does not only substitute artificial 
fertilizer, but it also makes the wastewater treatment process more 
economical: Chemicals for the precipitation of phosphorous are not necessary 
and the whole organic load of the water can be used for the production of 
biogas. 

Figure 6: Scheme of wastewater treatment process for WWTP-N 
(30,000 inhabitants, numbers for flow refer to situation when treated 
water is reused) 
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If the water is going to be discharged, part of the nutrients has to be removed 
according to Vietnamese law (National technical regulation on domestic 
wastewater QCVN 14/2008- BTNMT). As during rainy season there is no 
demand for irrigation water, the processes for removal of the nutrients have 
to be installed if the legal requirements should be met. In case nitrogen 
concentrations have to be reduced, part of the wastewater has to bypass the 
anaerobic stage because the organic load is needed for the denitrification 
process. Therefore, the aerobic bioreactor has two modes of operation: 
during dry season, it is only used for nitrification (continuous aeration), and 
during rainy season it is used for nitrification and denitrification (intermittent 
aeration).  

In any case, the biological sludge has to be removed in a settling tank after 
treatment (included in the volume for aerobic treatment in figure 6). The 
treated water still contains significant concentrations of bacteria, so it has to 
be disinfected prior to reuse in agriculture or discharge into the river. For 
disinfection, the water is pumped through a sand filter and then treated by a 
UV-unit. In the disinfection process, clear open water surfaces should be 
prevented, because they could be used for breeding by dengue-mosquitos. 

5 Water Reuse 

The treated water can be reused in urban agriculture, if the existing 
international guidelines are followed [WHO 2006]. Currently, water for the 
irrigation of urban agricultural areas is mainly taken from groundwater wells. 
Due to urbanization and the resulting sealing of the ground, the renewal rate 
for the groundwater decreases strongly. If more water is removed than can be 
regenerated, salt water from the sea intrudes into the groundwater, making it 
inadequate for irrigation purposes. Therefore the removal of groundwater for 
irrigation in urban agriculture on Son Tra Peninsula should be reduced. 
Treated wastewater is a water source available throughout the year and can 
replace part of the groundwater. 

If the nutrients are not removed from the wastewater during the treatment 
process, the treated water can be used for fertilization as well. Nevertheless, 
over-fertilization has to be prevented by limiting the use of treated 
wastewater per area. With the treated water from WWTP-N (30,000 
inhabitants), an area of 100 – 200 ha can be irrigated and fertilized. 
Depending on the water demand of the crops and the efficiency of the 
irrigation technology applied, water from other sources has to be added. 
According to the application and costs for NPK-fertilizer mentioned in [Quan, 
Ha, Nguyen 2013], this would substitute fertilizer worth 30,000 US$ per year. 
Additionally, approx. 4,000 m3/d of water would be reused and therefore the 
groundwater would be exploited less. 

For the transport of the wastewater for 30,000 inhabitants via vacuum sewer 
system, the treatment and the disinfection as specified above, the electricity 
consumption is about 150,000 kWh/a. If the same amount of seawater would 
be desalinated by Reverse Osmosis and used as water source for irrigation 
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instead, nearly 300,000 kWh/a electric energy would be necessary, without 
the benefits of wastewater discharge and treatment. The production of 
energy via biogas is not included in this calculation. Still, the utilization of 
treated wastewater is saving half of the electricity necessary to generate 
irrigation water from seawater. If the groundwater is further over-exploited it 
will have a quality similar to seawater in the near future. 

6 Production and utilization of biogas 

In the anaerobic treatment processes, biogas is produced. Its methane 
content is typically approx. 60 %, it can therefore be used to substitute fossil 
fuels. If the nutrients can be utilized with the wastewater, meaning that no 
carbon source for the denitrification process is necessary, the anaerobic 
wastewater treatment process can convert about 70 % of the incoming COD 
(Chemical oxygen demand) into biogas. For WWTP-N (30,000 inhabitants) at 
full load this would mean a daily biogas generation of about 800 m3/d. The 
anaerobic digester for the treatment of solids is in this case fed by the primary 
sludge from the pretreatment of the wastewater, a low volume of secondary 
sludge from the aerobic wastewater treatment process, and the kitchen 
wastes that can be collected from the hotels and resorts and which amount 
to about 3000 kg per day [Central of Vietnam Technologies 2014]. 
Altogether, the anaerobic digester produces about 650 m3/d, so altogether 
1,450 m3/d of biogas can be produced if the nutrients are not removed from 
the wastewater. 

During rainy season, when there is no demand for irrigation, part of the 
nutrients has to be removed from the wastewater. Therefore, about half of 
the incoming organic load has to be used in the denitrification process and 
cannot be used for biogas generation. This results in an overall biogas 
production of about 1,200 m3/d for WWTP-N (30,000 inhabitants) at full load. 

On average, the rainy season lasts for four months in Da Nang. For the rest of 
the year, irrigation is necessary. In that case, about 500,000 m3 biogas can be 
produced each year on WWTP-N (30,000 inhabitants). This corresponds to 
more than 45 l biogas per capita and day. With the anaerobic digestion 
process usually used on WWTP’s in industrialized countries, an amount of 20-
25 l biogas per capita and day is achievable. Due to the anaerobic pre-
treatment and the digestion of kitchen waste from hotels, this figure can be 
doubled in Da Nang. 

This biogas can be used for different purposes, mainly depending on the 
highest economic benefit. One option is the installation of a combined heat 
and power plant for the generation of electricity. Due to the hot climate in Da 
Nang, large parts of the produced heat would not be usable. Part of the 
produced heat could be converted into cold using electricity; the utilization of 
the cold would require insulated distribution networks. The electricity price in 
Vietnam is rather low (0.07 US$/kWh). Economically, measures to produce or 
save (e.g. by cooling) electricity will be hardly give return on invest. This 
option could become feasible if the electricity price increased strongly in the 
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next years or if the heat and/ or the cold could be utilized very close to the 
site of the WWTP, e.g. in industry. 

Another option for the utilization of the biogas is to compress it to 150 bar 
and fill it in CNG- (compressed natural gas) cylinders [MNRE 2014]. It can then 
be used e.g. for cooking instead of LPG (liquefied petroleum gas). The price 
for LPG in Vietnam is higher than that for electricity (0.12 US$/kWh), and the 
efficiency of the utilization is higher than the efficiency of the generation of 
electricity. This can generate an income of about 400,000 US$/a for WWTP-N 
(30,000 inhabitants) at full load. To reduce the costs for transport, it is 
important that the bottled biogas can be used close to its origin and on a 
reasonably small number of sites. The biogas could be offered to restaurants 
in the area for cooking to a price a little lower than that of LPG. The demand 
for LPG for cooking of Hyatt Regency Da Nang Resort is with approx. 
9,500 kWh/d in the same range as the biogas produced in WWTP-N (30,000 
inhabitants) at full load [Central of Vietnam Technologies 2014]. Besides 
reducing costs of the wastewater treatment process by the utilization of the 
biogas, a fossil energy source will be replaced by regenerative energy, 
resulting in a more sustainable energy mix. 

If WWTP-N and WWTP-S are becoming larger (> 100,000 inhabitants), the 
option of utilizing the biogas as fuel for cars or public buses should be 
analyzed in detail. As the biogas has to be treated prior to utilization to 
reduce its CO2-content, this is currently only economic in larger scale plants. 
Another option of increasing the biogas production of the WWTPs is to add 
the organic waste of the households to the anaerobic digestion process. This 
requires a separated collection. Alternatively, the organic waste can be added 
to the vacuum sewer system via food waste disposers. Currently, the price for 
food waste disposers (> 1000 US$ including vacuum valve) is too high for 
households in Da Nang, but their benefits should be demonstrated as an 
option for the future. 

 

 

 

 

 

 

  



 

15 
 

References 

ATV-DVWK 2000: ATV-DVWK-A 131: Dimensioning of Single-Stage 
Activated Sludge Plants; ISBN: 978-3-935669-96-2; German Association for 
Water, Wastewater and Waste (DWA); 2000 

Australian Aid and The World Bank 2013: Australian Aid and The World 
Bank: Vietnam Urban Wastewater Review; December 2013 

Central of Vietnam Technologies 2014: Central of Vietnam Technologies 
JSC: Summary Report of Survey at Hotels and Resorts in Da Nang Eastern 
Coastal Area for the Pilot Vacuum Sewer System; GIZ; Da Nang, April 2014 

CDIA 2012: Cities Development Initiative for Asia (CDIA): Preparation of pre-
feasibility studies in industrial wastewater management and drainage systems, 
Da Nang, Vietnam; Hifab, Sweden, July 2012 

Quan, Ha, Nguyen 2013: Dinh Le Quan, Nguyen Thi Kim Ha, Ma Song 
Nguyen: Rapid Appraisal on Urban Agriculture in Da Nang City, Viet Nam; 
GIZ; Da Nang, November 2013 

Ostojic et al. 2013: Dejan R. Ostojic, Ranjan K. Bose, Holly Krambeck, 
Jeanette Lim and Yabei Zhang: Energizing Green Cities in Southeast Asia: 
Applying Sustainable Urban Energy and Emissions Planning; ISBN: 978-0-
8213-9837-1; The World Bank; September 2013 

Ministry of Construction 2008: Ministry of Construction, Government of 
Vietnam: Decision No. O4I2OO8IQD-BXD of April 3rd, 2008. Promulgating 
the Vietnam Building Code on regional and urban planning and rural 
residential planning; 2008 

MNRE 2014: Ministry of New and Renewable Energy (MNRE), Government of 
India: Biogas Generation, Purification And Bottling Development In India – A 
case study; http://mnre.gov.in/file-manager/UserFiles/case-study-Biogas-
Generation_Purification_and_Bottling-Development-In-India.pdf; access: June 
2014 

TCVN / TC 147 2002: Technical committee TCVN / TC 147 "Water quality": 
TCVN 7222:2002- General environmental requirements for central domestic 
(municipal) wastewater treatment plants, Vietnam, 2002 

The World Bank 2013: The World Bank: Project appraisal document on a 
proposed credit in the amount of SDR133.7 MILLION (US$202.5 MILLION 
EQUIVALENT) to the Socialist Republic of Vietnam for the Da Nang 
Sustainable City Development Project; March 2013 

WHO 2006: WHO: Guidelines for the safe use of wastewater, excreta and 
greywater - Volume 2: Wastewater use in agriculture. World Health 
Organisation, Geneva, Switzerland, 2006 

  



 

16 
 

Annex 

The following figures have been used as basis for the design of the 
wastewater treatment process: 

 

Wastewater characteristics 

 

Table 2: Load of pollutants [ATV-DVWK 2000] 

Load (g/cap/d) Inflow to WWTP After pre-treatment 

COD 120 90 

BOD 60 45 

TN 11 10 

TP 1.8 1.6 

TSS 70 35 

 

Specific amount of wastewater: 133 l/cap/d 

Temperature of wastewater: 30 °C 

Retention time in settling tank for pre-treatment: 1 h 

TSS of primary sludge: 40 g/l 

VSS-ratio: 80 % of TSS 
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UASB for anaerobic treatment 

Organic loading rate: 3 kg COD /m3/d 

COD-removal efficiency: 70 % 

Sludge production: 0.2 kg TSS / kg COD in influent 

 

Table 3: Concentrations in effluent of UASB and legal limits 

Concentration (mg/l) Effluent of UASB Limits in QCVN 14/2008 

COD 210 - 

BOD 105 50 

Ammonium-N 80 10 

Nitrate-N  50 

TP 12 10 

TSS 80 100 

 

Methane produced: 0.3 l / g COD removed 

Methane content in biogas: 70 % 

 

 

 

Activated Sludge process for aerobic treatment 

Design based on [ATV-DVWK 2000] 

Maximum sludge age: 9 days (for nitrification/ denitrification) 

Volume of aerated tanks: 1,600 m3 (maximum volume necessary for 50% of 
inflow bypassing anaerobic treatment) 

Volume of settling tank: 1,100 m3 

TSS of secondary sludge: 40 g/l after thickening 

VSS-ratio: 70 % of TSS 
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Anaerobic digestion 

TSS of kitchen waste: 200 g/l 

VSS-ratio: 90 % of TSS 

Organic loading rate: 3.2 kg VSS /m3/d 

Biogas production from sewage sludge: 0.4 m3/ kg VSSin 

Biogas production from kitchen waste: 0.45 m3/ kg VSSin 

VSS-removal efficiency: 40 % 

Methane content in biogas: 60 % 

Origin of biogas:  

 Solids from pre-treatment: 330 m3/d 

 Sludge from aerobic treatment: 85 m3/d 

 Kitchen waste: 235 m3/d 

Dewatering of sludge to 30 % TSS, water is pumped back to pre-treatment 

 


