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List of abbreviations 

BEDA Binhai Economic-Technological 
Development Area 

BOD Biochemical Oxygen Demand 

CBD Central Business District 

COD Chemical Oxygen Demand 

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 Introduction 

The city of Weifang has a population of around 9 million inhabitants and is 
situated in Shandong province, P.R. China. At the northern shoreline of 
Shandong Peninsula, around 30 km to the north of Weifang, a new district 
for up to 1 million inhabitants is developed with support from the national 
level since 1995 on saline and alkaline land (figure 1). It is called Binhai 
Economic-Technological Development Area (BEDA) and labeled as “National 
Innovation Base for Rejuvenating Trade through Science and Technology, 
National Demonstration Eco-industry Park, National Demonstration Zone 
Invigorating the Sea by Science and Technology, Scientific Development Park, 
and Circular Economy Demonstration Zone”. BEDA has an area of 677 km2 
and a coastline of 69 km. 

 

 

 

 

 

 

 

 

 

 

 

 

As the large area is developed step by step, the responsible authorities are 
looking for a modern semi-decentralized wastewater management concept 
that allows the reuse of treated wastewater for irrigation of parks and for 
open freshwater bodies. At the same time, energy efficiency is an important 
topic in the P.R. China. 

During February 16th and 17th 2014, several meetings took place and different 
sites have been visited in BEDA. 

Figure 1: Model of the planned layout of BEDA [BEDA 2014] 
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2 Existing infrastructure 

A centralized wastewater treatment plant (WWTP) is planned for the whole 
BEDA with a design capacity of 100,000 m3/d. In a first phase, a WWTP with 
a capacity of 10,000 m3/d has been constructed (figure 2). It is situated 
around 15 km outside the center of BEDA. As the sewer system has been 
under construction in February 2014, the WWTP has not been operating. Due 
to the flat terrain, the transport of the wastewater to the WWTP and of the 
treated water back to the city for reuse is an open issue. It will be costly and 
energy consuming. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Meanwhile, a semi-decentralized WWTP with a capacity of 400 m3/d is 
operating since the year 2013 close to the already existing buildings in the 
Central Business District (CBD). It is a rather simple aerobic biological 
treatment process, and it does not fit in the district due to its smell and its 
unfavorable appearance (figure 3). There were no data about the treatment 
results available, but through visual inspection it appeared that the aeration 
did not work well, resulting in anaerobic zones, leading to bad odor. 

 

 

 

 

 

Figure 2: Central WWTP for BEDA 
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3 Proposed concept 

The staff of Planning Bureau of Weifang Binhai is looking for a solution for 
the treatment of wastewater from the gradually developing infrastructure in 
BEDA. The concept should be able to deal with the following framework 
conditions: 

- Flat terrain 

- High groundwater level 

- High risk of corrosion due to salt in air coming from the sea 

- Scarcity of fresh water: quality of treated water fit for reuse  

- Modular extendable for new developed areas 

- Energy efficient and economical 

 

Due to the water scarcity, as much water as possible should be reused. As for 
the transport of the water via pumps a lot of energy would be consumed and 
an expensive pipe network would have to be built and maintained, a semi-
decentralized concept is proposed for BEDA. Here, the infrastructure can 
grow with the construction of apartments and education facilities, as long as 
the concept is designed modular. Another advantage of the short distances in 
the semi-decentralized concept is the possibility to use the heat that can be 
recovered after wastewater treatment, from the production of electricity out 
of biogas and from the heat of the treated wastewater itself. If this heat has 

Figure 3: Semi-decentralized WWTP in CBD 
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to be transported over long distances, it cools down and the utilization is not 
efficient any more. 

In the first phase, this concept should be realized for the CBD. Currently, 
apartments for 10,000 inhabitants have been constructed on an area of 
1 km2 (figure 4), a separate gravity sewer system is ready for operation, and 
the inhabitants are expected to move in in 2014. Another area of 2 km2 with 
apartments for 20,000 inhabitants has been designed and is under 
construction. Therefore, the modules of the semi-decentralized concept are 
designed for a capacity of 1,100 m3/d, which corresponds to the wastewater 
of around 10,000 people (water consumption: 85-140 l/cap/d). 

 

 

 

 

 

 

 

 

 

 

 

For the houses that have been connected to a gravity sewer system already, 
the concept has to deal with this mixed municipal wastewater. For those 
houses not yet built, it is possible to use the vacuum sewer system and to 
separate the black water (= water from toilets) at the source. The grey water 
(municipal wastewater except black water) can be made available for reuse as 
service water for toilet flushing. This saves around 30 % of drinking water 
resources, and the black water can be used to generate biogas. 

In addition to the wastewater, the organic waste from the households and 
restaurants should be collected separately. The amount of municipal solid 
waste is assumed with 1.2 kg per person and day [Zou 2011], of which 
around 60 % are organic waste [Rohde 2007]. This organic waste is added to 
the anaerobic digestion process for the sludge from wastewater treatment 
and increases the amount of biogas that can be generated.  

In figures 5 and 6, two concepts for semi-decentralized wastewater 
management for the BEDA are displayed. The difference between the 
concepts lies in the collection of the wastewater. Stormwater is discharged 
separately in both concepts; it should be used for irrigation and the renewal 
of water in freshwater bodies. 

Figure 4: Apartments in CBD of BEDA 
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In concept A, all municipal wastewater is collected together and then treated 
in a mechanical-biological WWTP with the activated sludge process. The 
process is designed for removal of nitrogen and phosphorous below the legal 
limits for water quality standard for scenic environment uses (Chinese 
guideline GB/T 18921 – 2002: The Reuse of Urban Recycling Water - Water 
Quality Standard for Scenic Environment Use). For the removal of nitrogen by 
nitrification and denitrification, a relatively high sludge age is necessary 
(around 20 days). Therefore, the volume of the tanks for the activated sludge 
process has to be relatively large (2,400 m3 including the secondary clarifier).  

After disinfection, the treated water can be used for irrigation and as 
discharge into freshwater lakes and streams. The thermal energy of the 
treated water can be used for the generation of hot water for the residential 
buildings by a combination of heat exchanger and heat pump. Over the year 
the medium wastewater temperature is assumed to be 16°C. If the water is 
cooled down to 10°C after the treatment process, 7,700 kWh per day can be 
gained. Due to the short distances in the semi-decentralized concept, the 
losses of heat will be low. Especially on the higher buildings, the amount of 
solar heat from the roofs will not be sufficient to cover the need for warm 
water, so the heat from wastewater can help to reduce the consumption of 
energy from fossil sources. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5: Concept A for semi-decentralized wastewater management 



 

9 
 

The solids from the pre-treatment, the surplus sludge from the activated 
sludge process, and the organic waste from the households are stabilized by 
an anaerobic digestion process, generating biogas that can be used in a 
combined heat and power plant to produce electricity and heat for hot water. 
The stabilized sludge can be used for soil remediation- due to the saline and 
alkaline soil there will be a huge demand in BEDA. 

In concept B, black water is collected separately from grey water. Grey water 
is treated in an aerobic process, disinfected and reused for toilet flushing. As 
grey water contains very low concentrations of nutrients (see figures in 
Annex), no additional nutrient removal processes are necessary. Although 
grey water should contain no fecal microorganisms, the water should be 
disinfected as there could still be contamination by mistake. The grey water 
contains more thermal energy than black water, e.g. from showers, washing 
machines, and dish washers. This energy should be used after the biological 
treatment, as higher temperature has a positive effect on the biological 
treatment process. Over the year, a medium temperature of 18°C is assumed. 
If this is cooled down to 10°C, around 7,000 kWh per day are available for 
heating of water in the households. The effluent of the aerobic treatment can 
then be reused for any purpose. As there is more grey water than black 
water, effluent not used for toilet flushing can be used for cleaning purposes 
(e.g. staircases, roads), for irrigation, or it can be discharged into lakes and 
creeks.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 6: Concept B for semi-decentralized wastewater management 
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Black water is treated separately in an anaerobic pre-treatment (e.g. UASB- 
Upflow Anaerobic Sludge Blanket process) and an aerobic polishing step. As 
most of the nutrients are concentrated in the relatively small black water 
stream, an elimination of these nutrients is not recommended. They should be 
used with the disinfected water for fertilization in urban agriculture, e.g. in 
greenhouses which can grow crops all over the year. Here, water quality 
standards have to comply with guideline GB 20922-2007: The Reuse of Urban 
Recycling Water-Quality of Farmland Irrigation Water. To prevent over-
fertilization by nitrogen, the area for application of this water should be at 
least 120 ha (depending on the crops it might be larger). The addition of 
phosphorous and water will be necessary for optimal plant growth.  

The excess sludge from the aerobic processes, the primary sludge from the 
pre-treatment of the grey water, and the organic waste should be digested in 
a separate reactor. Like during anaerobic treatment of the black water, biogas 
is produced in this process, but both processes operate with different 
retention times, so they should not be combined. Regardless of the concept, 
corrosive materials should not be used for the wastewater treatment facilities 
or protected from air and humidity due to the corrosion caused by the salty 
air coming from the sea. 

4 Discussion 

It can easily be seen in the schemes (figures 5 and 6) that concept B is more 
complex, as it contains one additional water stream that has to be collected 
separately and two additional biological treatment processes. On the other 
hand, the necessary volume for biological processes in concept B is by around 
40% lower. This is caused by the relatively high volume necessary for 
elimination of nitrogen by nitrification/ denitrification in the aerobic treatment 
in concept A. Without elimination of nitrogen and phosphorous, the treated 
wastewater could not be discharged into open water bodies due to its 
eutrophication potential. Due to the separation of black water in concept B, 
the larger grey water stream is nearly free of nutrients and its treatment 
therefore is much easier. Reuse of the treated grey water for a number of 
purposes is easier compared to the reuse of mixed wastewater as the 
concentration of pathogenic microorganisms is much lower.  

In concept B, the nutrients and pathogenic microorganisms are concentrated 
in one third of the total wastewater flow, the black water. If the nutrients 
needed to be removed, the black water could also be treated in an aerobic 
process with nitrification/ denitrification. This would increase the necessary 
volume of the aerobic treatment considerably, as well as the electricity 
demand for aeration. The production of biogas by an anaerobic pre-treatment 
of the black water would not be possible as well, as the carbon sources in the 
wastewater would be necessary for the denitrification process. At the same 
time, the nutrients are valuable as fertilizer in agriculture. As they are already 
concentrated in a relatively small volume of water, it should be checked if the 
treated black water could be used for irrigation and fertilization in urban 
agriculture. Due to the saline and alkaline soils and the cold temperature in 
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winter, greenhouses for the production of vegetables and fruit could be an 
adequate solution for BEDA. 

In concept B, the drinking water consumption is reduced by one third due to 
the reuse of treated grey water for the flushing of toilets. The biogas 
production is 20 % higher than in concept A, as biogas is won from the black 
water as well. In concept A, more heat is generated from the treated 
wastewater, because all the wastewater is used for heat production. 
Although the amount of heat produced in concept B is 10 % lower, the 
process of heat exchange is more efficient as the grey water will be warmer 
than the mixed wastewater. The necessary heat exchanger can consequently 
be dimensioned smaller, making the heat exchange more economic. 

In both concepts, the anaerobic digestion processes of the solids should be 
heated to 37°C to be efficient. Due to the relatively low flow rates through 
these reactors, the amount of heat necessary will be much lower than the 
heat produced, so remaining heat can be used to generate hot water for the 
residents nearby. The anaerobic treatment of black water should be operated 
under ambient temperatures, as heating of this relatively large stream would 
not be economically, and the water will be purified by the aerobic post-
treatment anyway. In winter, the biogas production of the anaerobic pre-
treatment will be reduced due to the lower temperatures, but operation of 
anaerobic wastewater treatment processes is still possible at water 
temperatures of 12°C. Due to these circumstances, the mean COD-removal 
over the year in the anaerobic treatment has been calculated with only 50% 
efficiency. 

A combination of both concepts is possible- in large buildings, the separation 
of black water is more economic as pipes have to be laid in parallel over less 
distance. When combining the processes, no mixed wastewater should be 
added to the grey water line, as here the quality is highest and therefore the 
processes for treatment are relatively simple. Mixed wastewater can be added 
to the black water line and grey water and black water can be added to the 
mixed wastewater line. 

Due to the utilization of organic waste and the intensive utilization of the 
organic load in the wastewater, the per capita daily production of biogas is 
much higher than in conventional wastewater treatment concepts. Instead of 
20-25 l/cap/d as commonly reported by WWTP’s in Germany, in concept A, 
biogas in the amount of 75 l/cap/d can be produced, and in concept B this 
figure can be increased to 94 l/cap/d.  

5 Implementation 

As the development of BEDA is advancing step by step and more inhabitants 
will live there from year to year, the semi-decentralized wastewater 
infrastructure can be developed likewise according to the need. The next step 
towards the implementation of the proposed semi-decentralized approach is 
a more thorough feasibility study including local costs for the construction of 
sewers, treatment facilities and operation expenses such as energy, chemicals, 
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and labor as well as benefits like saved or reused water, energy, and 
nutrients. In parallel, sites for the treatment plants and sites for the reuse of 
water and nutrients should be selected. Likewise, the sewer network and the 
supply lines for water and heat should be designed. On the basis of the cost-
benefit-analysis, it has to be decided whether to implement the semi-
decentralized concept, taking into account the higher flexibility of this 
concept regarding the uncertainty of the velocity of development of the area. 
With its modular approach, the semi-decentralized concept could be a 
blueprint for the development of other satellite towns all over China, as the 
infrastructure is installed step by step according to the real demand, and the 
resource efficiency is higher compared to centralized solutions, as the reuse of 
water, nutrients, and energy is possible. 

In Qingdao (Shandong province) a semi-centralized wastewater concept is 
being realized under the lead of the Technical University of Darmstadt in the 
context of the World Horticultural Exhibition [TU Darmstadt, IWAR 2014]. 
These first experiences with this concept in China should be closely watched, 
as it is similar to the proposed semi-decentralized concept in its objectives.  

From the visual impression during the site visit, the existing decentralized 
wastewater treatment plant should not be operated any more after the first 
new treatment facilities are operating. A renovation will be very complicated 
and expensive. The tank could be used for the storage of treated black water 
to be used for irrigation and fertilization, though. It should be checked if the 
existing gravity sewer network could be partly integrated into the proposed 
concept. The large collection lines could be used for the discharge of 
rainwater during heavy rains to prevent flooding. 

It will be very difficult to integrate the existing, not operating WWTP for 
10,000 m3/d into the semi-decentralized concept, as it is far away from the 
currently developed area. It should be checked if greenhouses for the supply 
of the BEDA with fruit and vegetables could be developed in this area, then 
the tanks could be used as storage volumes for water for irrigation and 
fertilization.  

The site visit at BEDA presented a large, partly developed area without 
inhabitants and industry. Before the background of the current discussion 
about so-called “ghost towns” in China, it has to be doubted whether BEDA 
will develop as planned and if the inhabitants and the industry will really 
populate the area. A more decentralized development strategy with smaller 
units to be planned and constructed at one time would minimize the risks 
associated with such developments. 
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Annex 

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

Wastewater characteristics 

 

Table 1: Load of pollutants in mixed wastewater – concept A [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: 110 l/cap/d 

 

Table 2: Load of pollutants in grey water and black water – concept B 
[Londong and Hartmann 2006] 

Load (g/cap/d) Grey water Black water 

COD 30 60 

BOD 15 30 

TN 1 10 

TP 0.5 1.5 

TSS 15 40 

 

Specific amount of grey water: 75 l/cap/d 

Specific amount of black water: 35 l/cap/d 
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Minimal temperature of wastewater: 12 °C 

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

TSS of primary sludge: 40 g/l 

VSS-ratio of primary sludge: 80 % of TSS 

 

UASB for anaerobic treatment of black water (concept B) 

Organic loading rate: 6 kg COD /m3/d 

COD-removal efficiency: 50 % 

Sludge production: 0.2 kg TSS / kg COD in influent 

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] 

Concept A: 

Maximum sludge age: 20 days (for nitrification and denitrification) 

Volume of activated sludge tanks: 2,000 m3  

Volume of settling tank: 400 m3 

TSS of secondary sludge: 40 g/l after thickening 

VSS-ratio: 70 % of TSS 

 

Concept B, grey water:  

Maximum sludge age: 8 days (only nitrification) 

Volume of activated sludge tanks: 330 m3  

Volume of settling tank: 270 m3 

TSS of secondary sludge: 40 g/l after thickening 

VSS-ratio: 70 % of TSS 
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Concept B, black water: 

Maximum sludge age: 8 days (only nitrification) 

Volume of activated sludge tanks: 450 m3  

Volume of settling tank: 100 m3 

TSS of secondary sludge: 40 g/l after thickening 

VSS-ratio: 70 % of TSS 

 

Anaerobic digestion 

TSS of kitchen waste: 200 g/l 

VSS-ratio: 80 % of TSS 

Organic loading rate: 4 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 % 

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

 

Concept A: 

Origin of biogas:  

 Solids from pre-treatment: 110 m3/d 

 Sludge from aerobic treatment: 120 m3/d 

 Organic waste: 520 m3/d 

 

Concept B: 

Origin of biogas:  

 Solids from pre-treatment: 50 m3/d 

 Sludge from aerobic treatment: 150 m3/d 

 Organic waste: 520 m3/d 

 


