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Introduction 

Besides various other cities in Asia, Korat is being one of the partners within the project 
“Integrated Resource Management in Asian Cities: The Urban Nexus”, financed by the 
German Federal Ministry of Economic Cooperation and Development (BMZ) and 
implemented by the German Agency for International Cooperation (GIZ). 

Korat, whose official name is Nakhonratchasima, is located about 300 km from Bangkok 
and marks the beginning of the Northeastern Region, the Isaan, of Thailand. Korat 
Municipality has an area of about 40 square kilometers and about 150,000 registered 
and a dark figure of unregistered inhabitants.1 Korat Municipality provides services to 
meet the basic needs of its population, e.g. water supply, electricity, health service and 
solid waste collection. 

In terms of wastewater treatment, Korat Municipality has a Waste Water Treatment 
Plant (WWTP) with a total capacity of 75,000CMD, whereas the average daily inflow in 
the dry season, which amounts to maximal 25,000CMD, and the daily inflow in the rainy 
season, which almost reaches the maximal capacity of 75,000CMD on some days, 
varies extremely. It varies between 33% and 100% during the seasons. The WWTP 
consists of a preceding pond system with an area of about 120,000CM, which was built 
in 1990. Later, an activated sludge (AS) system was integrated at the end of the ponds2. 

About 80% of the Korat City population is connected to the combined sewer system in 
Korat, which is characterized by collecting surface storm water and wastewater 
drainage from the overflow of septic tanks. Most of the establishments, not only in 
Korat, but in Thailand in general, use septic tanks. In such tanks, fecal matter is 
supposed to be retained, whereas grey water flows over into the combined storm water 
& sewer system, which is connected to the WWTP. 

However, the WWTP in Korat is not running efficiently due to two reasons: 

� The WWTP receives and treats diluted water with a low amount of organic load. 
This is mainly because only the overflow of the septic tanks, which is grey 
water, gets into the sewer system and thereby reaches the WWTP. 

� The mechanical equipment, mainly the diffusors and the travelling bridges are 
broken or are not working efficiently due to regular breakdowns. A reliable 
growth of activated sludge, which is essential for the kind of technology used at 
the WWTP in Korat, is not guaranteed. 

Since Korat City is growing, the WWTP needs to be capable of treating wastewater with 
a higher organic load in the future. Therefore, studies have been conducted3 in which 
practical recommendations on getting the WWTP system functioning and also on 
triggering the activated sludge by increasing the organic load for the WWTP, have been 
elaborated. The GIZ Urban Nexus Project also provided technical assistance to 
implement the recommendations and make the WWPT functional. In order to 
rehabilitate the WWTP sustainably, the focus lay on three major activities: 

1. The rehabilitation of the WWTP by repairing and maintaining the mechanical 
equipment on the plant and by modifying the direction of the inflow in the AS 

                                                
1 Mr. Boonlua Charoenwat, Vice Mayor of Korat at 8th Regional Workshop during a penal 
discussion.   
2 Report by FiW on „Report 1: Innovative Wastewater Solutions“ from June 2016 
3 Report by FiW on „Report 1: Innovative Wastewater Solutions“ from June 2016 and “Progress 

Report 2: Review of Repair Works at WWTP 1” from April 2018. 
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1 system. 
2. The establishment of a thorough Monitoring and Sample Plan. This Plan is 

supposed to control the quality of water treatment in general, but also to react 
immediately if certain results of water samples are being abnormal and not 
within the range they must be in by regulations. 

3. The implementation of a sanitary household survey in the communities close 
to the WWTP for the design of a vacuum sewerage system. 

The overall aim is to not only fix the current treatment system, but to raise awareness of 
the maintenance processes by the monitoring system and also to introduce an 
innovative waste water sewerage system which increases the organic load for the 
WWTP. Therefore, an innovative vacuum sewerage waste water collection system was  
introduced by public consultation and a sanitary house- hold survey. This system is 
supposed to serve as a supplier of black water (waste water with high organic matter) to 
the WWTP and an adequate and sustainable alternative to the environmentally less 
friendly combined stormwater/sewerage system characterized by gravity sewer and the 
septic tanks. 
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1 The Rehabilitation of the WWTP in Korat 

The aim of the rehabilitation of the WWTP in Korat was to repair the mechanical 
equipment and to find alternative solutions if this equipment was not functioning 
adequately and there was no budget available to replace it. There were three different 
problem areas in particular, before the rehabilitation started, which were the following: 

1. The broken diffusors which function as the “aerators” of the AS 1 – 3. 
2. The travelling bridges of AS 1 which did not run reliably. In the AS 2 and the AS 

3 system they did not function at all. 
3. The redirection of the total inflow in the line of the WWTP 1, instead of to all three 

lines. The WWTP consists of three AS (Activated Sludge) with two large ponds 
pre- ceding each of the systems (see Figure 1.1). 

 
Figure 1.1: The WWTP in Korat. The red and green line show the redirection of the 
inflow to WWTP 2 and WWTP 3 into the line of WWTP 1. 

 
The actions that have been taken are mainly based on the recommendations given in 
the former reports4 by the FiW, whose team of experts was mandated by the GIZ Urban 
Nexus to design an overall concept for the rehabilitation of the WWTP in Korat. In this 
report it was recommended, that broken mechanical equipment needs to be replaced or 
repaired adequately. However, not all broken technical equipment can be replaced or 

                                                
4 Report by FiW on „Report 1: Innovative Wastewater Solutions“from June 2016 and “Progress 

Report 2: Review of Repair Works at WWTP 1” from April 2018. 
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even repaired, e.g. the broken diffusors can neither be replaced nor repaired since a 
technically skilled diver is not available. In these cases, alternative adjustments needed 
to be found by Korat Municipality. In the following the actions taken and adjustments 
made are presented: 
 
Broken diffusors: 
 

 
Figure 1.2: Scheme of one of the Aeration Systems (AS) of the WWTP in Korat (adapted 

from FiW). 

 

As it is shown in Figure 1.2, the aeration basin receives its oxygen from a so-called 
blower, which pressures air through a tiny pipe system into membrane diffusors. The 
diffusor, as it name implies, disperses the air in order to create many tiny oxygen 
bubbles instead of a few big ones, which are supposed to dissolve into the water they 
are blown into. The advantage of many small bubbles compared to bigger bubbles 
dissolving into water can be explained by laws of physics. Since smaller bubbles have a 
more favorable relation between their surface and their volume compared to bigger 
bubbles, they dissolve “better” into water. Or in other words, bigger bubbles are not as 
effectively dissolved and therefore require more energy for the same effect smaller 
bubbles can have, as the blowers which push the air through the diffusors are run by 
electrical pumps. Full functioning diffusors are therefore a prerequisite for an effective 
and energy efficient dissolution of oxygen into water. 

However, there are several broken diffusors in the AS 1 of the WWTP in Korat, which 
either do not function at all or cause a disperse of bigger bubbles into water. In fact, 
these diffusors need to be replaced immediately, as loose parts of the broken diffusors 
might damage other technical equipment in the AS system. But since Korat Municipality 
does not have the budget for a replacement or a repair, alternative solutions had to be 
figured out. Moreover, the replacement or repair of the diffusors is not only a financial 
but also a technical challenge because the aeration basin cannot be drained and in 
order to reach the diffusors at the ground of the basin, only technically skilled divers can 
repair them. These are both hardly to be found and even if so, their service is probably 
too expensive. 

The alternative the GIZ Urban Nexus Project implemented was to control the oxygen 
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with an oxygen meter and adjust the blower pumps (or better: the valves from the 
blowers), which pressure the air through the membranes of the diffusors, manually. In 
the beginning, when the amount of sludge, which needs oxygen to grow, is still rather 
low, not all the blowers and diffusors need to run and so the valves can be closed. As 
long as the measured DO with the manual oxygen meter is be- tween 0.5 – 2 mg/l5, the 
sludge will grow. Once the staff at the plant observes a reduction of the DO, they need to 
turn up the blowers again (to keep it in the range of 0.5 – 2 mg/l). Since the oxygen 
concentration can change quickly, it is advised to measure the oxygen every 4 hours. 
Otherwise, if the concentration falls beyond 0 mg/l, the sludge flows up and dies. The 
Korat Municipality agreed on monitoring and documenting the DO in the aeration 
system, which is explained in more detail in Chapter 3. Finally, it was recommended to 
stop the processes at the AS by turning off the blower pumps and other technical 
equipment, as soon as there might occur bigger bubbles, which would indicate that more 
diffusors are broken. 
 
Travelling bridges: 
 

Figure 1.3: Scheme of one of the three sedimentation basins of the WWTP in Korat (adapted 
from FiW). 

 

The next recommendation was to repair the two travelling bridges, which scrape the 
excess sludge from the ground of the sedimentation basin behind the aeration system 
back to the mixers/stirrers of the aeration system (see Figure 1.1). The problem at the 
bridges was that the wheels were not the same size on both sides, which caused a tilting 
and therefore the bridge caught the edges regularly and stopped functioning. As soon as 
the bridge stops running, the sediment sludge is not being pumped back into  the 

                                                
5 Report by the Landesanstalt für Umweltschutz BW on „Funktionsstörungen auf Kläranlagen“, 

p. 27, Karlsruhe 1997 and E-Mail by the FiW from August 2018. 
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aeration system and the treatment process is disturbed by causing the sludge to flow up 
and die because it is no longer supplied with surplus sludge. 

In order to rehabilitate the travelling bridges and avoid further stop-and-go runs or 
failures in the future, the special recommendations for the repair of the travelling bridges 
by Mr. Messmer from the company awt Umwelttechnik in Germany, were implemented. 
One of them, beside fixing the rails and bringing all wheels of one bridge on the same 
diameter, was to cut off the flanges on one side of each of the bridges (see Figure 1.4) 
and thereby prevent a tilting and a cutting into the rails of the bridge. 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1.4: Recommendation of how to cut the flanges off the wheels (awt Umwelttechnik)6. 

In accordance to the recommendations by Mr. Messmer, the Korat Municipality cut off 
the flanges from the wheels at one of the bridges. However, they kept the flanges at the 

                                                
6 Report by FiW on “Progress Report 2: Review of Repair Works at WWTP 1” from April 2018. 
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other bridge to monitor its wear and tear and to compare this to the wear and tear of the 
bridge with the flanges. After both bridges have been running reliably for a while, the 
sludge which is supposed to be grown by the scraping function of the travelling bridges, 
kept dying after a couple of days. After the assumption that the bridges do not run 
reliably, it was found out that the motors of the surplus sludge pumps, which suck the 
surplus sludge from the ground of the sedimentation basin back to the aeration tank, do 
not function properly. The GIZ Urban Nexus Project gave the technical advice to 
maintain the motors by changing the oil and cleaning its filter first. Moreover, there is a 
rubber inside the motors which prevents the leakage of oil. This rubber might have 
already corroded. If this is validated the rubber should be replaced and covered against 
UV-light radiation by the sun. The recommendation is summarized in the following: 

1. The Korat Municipality should bring all the wheels on the bridges to the same 
diameter. On both bridges, there are differences in the diameter between 2 – 5 
mm. After the wheels are adjusted, it is recommended to take off the flanges 
from all wheels and install a booster, which should be small in diameter to keep 
the friction between the metallic components and therefore the wear and tear, 
low. 

2. Maintain the vacuum motors which pump the surplus sludge from the ground of 
the sedimentation basin into the aeration basin. 

3. Conduct a reliability check of the bridges. If the bridges keep failing regularly, 
check step 1 and 2 again thoroughly. 

 

The last major technical change within the system, was to change the direction of the 
inflow in order to increase the concentration of the organic load in the AS system and 
thereby growing the activated sludge more reliably and faster. As shown in Figure 1.1. 
the waste water to the WWTP is lead via the main waste water pumping stations 1, 2.1 
and 2.2 to the inlet shafts of each of the three ponds preceding WWTP 1 – 3. In these 
ponds, the waste water, which is only grey water from the septic tanks and diluted by 
rain water, is already treated by self-purification. To prevent the reduction of the organic 
load before it reaches the AS 1, it was recommended by the experts of the FiW to 
change the direction of the inflow and lead everything into the inlet shaft that leads to AS 
1. However, the Korat Municipality tried this in the presence of the GIZ Urban Nexus 
Project, but had to open the inlet shafts to the AS 2 and AS 3 again, because the old 
concrete pipe which leads to the AS 1 was leaking water. This was a dangerous sign of 
an overload and too much pressure for the capacity of water inside this pipe (see Figure 
1.5). 
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Figure 1.5: High pressurized water flowing into the pond of inlet shaft number 1. 
 
The GIZ Urban Nexus Project discussed together with the Korat Municipality the 
situation and the possible alternatives and recommended to open the inlets to the AS1 
at another position. It was possible to either open the inlets in the first barrier between 
the ponds or the second barrier (see Figure 1.1). To be on the safe side during the rainy 
season, in which the ponds work as a retention and flooding area, it was decided to 
open the inlets in the second row (see red arrows on Figure 1.1). Whether the 
redirection was effective, was monitored with the help of a Monitoring Schedule, which 
will be presented in Chapter 3 in more detail. 

The aim of the rehabilitation was to observe 

� whether the WWTP is able to function reliably 
� and whether it is possible to grow activated sludge for a more thorough 

treatment in the future, if the organic load to the WWTP increases. 

Only then, if the system is capable to treat a larger organic load, further steps can be 
taken in the future, which might be the redirection directly to the AS System and the 
connection to a vacuum sewerage system. During the mechanical rehabilitation of the 
equipment at the WWTP and the redirection of the inflow to the first pond system of AS 
1, it was mandatory to create a Monitoring System and Sample Plan in order to 
document whether the system works and therefore, whether the rehabilitation was 
overall successful. 
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2 Monitoring of the WWTP 

The Korat Municipality asked the GIZ Urban Nexus Project for technical advice in terms 
of the rehabilitation of their WWTP. The foundation of any technical advice is a 
database on which recommendations can be built on. Furthermore, a thorough 
Monitoring Plan in order to analyze the status quo of the system and in order to see how 
and why the system reacts in a certain way if technical measures are implemented is a 
fundamental prerequisite. Particularly in the case of WWTP, where certain adjustments 
can cause easily positive or adverse effects at another location within the system, a 
Monitoring Plan is the basis of any further adjustments and an adequate management 
of the plant in general. Whether and how the sys- tem reacts can be analyzed by 
changes of water parameters, such as the pH-Value, the temperature and others. 

For this reason, the GIZ Urban Nexus Project helped the Korat Municipality in building 
up, establishing and implementing a Monitoring Plan. This plan is supposed to support 
the staff that works directly at the WWTP in order to manage and maintain the WWTP in 
a sustainable way and to lead information on the monitoring, especially if abnormalities 
of the samples occur, forward to the engineers of the Korat Municipality. An example of 
the Monitoring Plan is presented in the Annex A. 

This Monitoring Plan can be separated in four categories, which are the following: 

� The inflow to the WWTP: Controlling the inflow of the water to the inlets of the 
WWTP’s ponds. Especially the differences depending on the seasons (mainly 
dry and rainy season) are of interest. The WWTP must be so managed that it is 
capable of dealing with small (dry season) and large (rainy season) amounts of 
water flowing in- to its system. In Figure 2.1 the inflow data is shown for one 
day as an example. 

 

Figure 2.1: Example of the data collection of the inflow on the 27th of August 2018 (rainy 
season). The total inflow was 68,240 m3 on that day. 
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� Value of the Dissolved Oxygen in mg/l (DO): Due to the broken diffusors in 
the aeration system, the values of the oxygen need to be monitored thoroughly. 
An inadequate aeration, which means an inadequate supply of the system with 
oxygen, leads to a flow up of the sludge, which treats the wastewater in a 
biological treatment plant. If the sludge flows up and dies, the treatment and the 
purifying of the water is no longer guaranteed. 

� The value of the Dry Mass in g/l (DM): The Dry Mass provides information on 
whether a system is capable of treating the amount of wastewater flowing into 
the WWT system. The dry mass grows in dependency of the concentration of 
organic waste, which serves as activated sludge in the beginning, in the 
aeration system. If the contamination is very small, the duration of the DM to 
grow to its full capacity to treat the water adequately is rather long lasting. Since 
in Korat only the overflow of the septic tanks of the households is connected to 
the WWTP, which is grey water being low in organic load, the sludge needs to 
grow for almost 3 months to reach the target value of 3 g/l of Dry Mass. 

 

 
Figure 2.2: Graphic that depicts the measuring points of the DO and the DM in the AS 1 

(adapted from FiW). 
 

� The analytics of common water parameters in order to monitor the quality 
of the treatment process: There are common water parameters which indicate 
the quality of the treatment process. In the Monitoring Protocols of Korat it is 
included the following: 

� Air temperature and the resulting water temperature should not exceed 35°C. 
� The pH-Value, which should be in between 6.6 and 9. Otherwise the flocculation 

process (which is not given at the Korat WWTP) or the process of eliminating 
Nitrogen or Phosphorus might be disturbed.7 

                                                
7 Report by the Landesanstalt für Umweltschutz BW on „Funktionsstörungen auf Kläranlagen“, 

p. 27, Karlsruhe 1997. 
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� The value of the DO, particularly measured at the end of the aeration basin, but 
also at eleven other positions (see Figure 2.2). 

� The value of the TDS, TSR, IDM and ODM to monitor the growth of the sludge. 
By these parameters, it is able to determine the sludge volume index which 
needs to be under a certain threshold (under 150 mL/g8), otherwise the system 
generates a bulking sludge which disturbs the treatment and also smells. How 
the Korat Municipality adapted successfully the GIZ Urban Nexus 
recommendations’ on how to measure the Dry Mass is demonstrated in a pho- 
to documentary in the Annex. 

 
 
 
 
 
  

                                                
8 From E-Mails with Mr. Bernhard Wöffen from FiW. 
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Figure 2.3: Two examples of the Monitoring Protocols which are compiled daily. The second 

one considers different locations within the AS System. 
 
A Monitoring Plan of a WWTP is a “guideline which is supposed to be adapted 
throughout the years in order to react adequately in case of the non-functioning of the 
plant or in case of a change of dissolved substances in the waste water”9. Therefore, 
control measurements in the framework of the Monitoring Plan are meant to serve as an 
alarm in case the values of the parameters analyzed are above or under certain 
thresholds. 

As recommended in literature, it makes sense to structure the Monitoring Plans by 
“symp- toms”, which means that if 

� the values of BOD5 or COD are not adequate, the elimination of the elimination 
of carbon due to a high organic load is not functioning. In Korat, this has not 
been a problem, since the organic load which reaches the system is rather too 
small. 

� the values of nitrogen (NHN4 and Nanorg) and phosphorus (Ptot) are not within the 
legal- ly permitted range, then the functioning of the pre-treatment and the 
return-sludge pumps should be checked despite the content of the waste water 
coming into the sys- tem. It is possible that an undetected source that leaks into 
the waste water sewerage causes this contamination. 

These links between different parameters, the mechanical equipment of the WWTP and 
the possibility that the problem is not internal but external, which means that hazardous 
substances leak into the waste water sewerage, were discussed with the Korat 
Municipality. Based on this, the Monitoring Plan was created by the help of the GIZ 
                                                
9 Report by the Landesanstalt für Umweltschutz BW on „Funktionsstörungen auf Kläranlagen“, 

Karlsruhe 1997 
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Urban Nexus Project. The Korat Municipality agreed on continuing with the taking of 
samples and the analysis of the water parameters as part of an adequate maintenance 
management. 

Since the sludge is estimated to grow for 87 days until it reaches the target value of 3 g/l 
DM in the aeration system, which means reaching the optimal sludge load for treatment, 
it is recommended that the inflow might be directly led to the AS and that additional load 
from a vacuum sewer system that bypasses the septic tanks, could be implemented. If 
1,000 inhabitants were connected directly to the WWTP, it would mean that 60 kg 
BOD5/d   (60 g BOD5/d/capita) more were added to the system, which is an additional 10 
% for an activated sludge load10. This means that the duration until the sludge reaches 
the needed 3 g/l could be reduced and that the risk of the sludge to flow up and to die is 
minimized. There- fore, the GIZ Urban Nexus Project conducted a sanitary household 
survey in Korat which is described in the following Chapter 3. 
 

3 Household Survey for the Design of a Vacuum Sewerage System and a 
Shift in Nexus Thinking 

After the implementation of a thorough Monitoring Plan, the Korat Municipality and the GIZ 
Nexus Project worked together in the implementation of a household survey. The aim of 
this sur- vey was to gain data which are required in order to elaborate  a technical design 
for a vacuum sewerage waste water collection system in a neighborhood adjacent to the 
WWTP of Korat to increase the organic load in the WWTP and moreover to improve the 
overall sanitation system by a pilot to be multiplied. Two additional accomplishments were 
achieved by conducting the survey, such as:  

� The interdepartmental cooperation between the Department of Sanitation and the 
Department of Social Welfare of the Korat Municipality, supporting the GIZ Nexus 
Project to arrange the public consultation before the survey was conducted.  

� The successful conduct of the survey itself which was achieved through teamwork 
of both departments of the Korat Municipality and the GIZ Urban Nexus Project. 

The “Nexus” is not supposed to be considered as the interlinkages between the water, 
energy and food sectors only, but also as a mean for building up interrelations between 
institutions, governments etc.11. There is a shift among the Nexus thinking, away from 
solely water, energy and food sector-wise towards a way to integrate the Nexus into 
national policy frameworks and governmental processes. The implementation on of the 
household survey in Korat helped to increase the collaboration between institutions and 
paved the way to implementing the Nexus Thinking into governmental processes. 
 
3.1 Background on the Vacuum Sewerage Technology 
The Vacuum Sewer Waste Water Collection System is an innovative system, which is 
commonly known as a sanitary technology used within airplanes or trains. Moreover, it is 
an alternative drainage system compared to the usual gravity system, that allows for a 
financially feasible and technically sound separation of storm water and municipal 
                                                
10 Progress Report No. 2 by the FiW on “Review on repair works of wastewater treatment plant 

1, inspection of potential sites for vacuum sewer and discussion of next steps in Nakhon 
Ratchasima (Korat), Thailand”, pp. 6-7, April 2018. 

11 8th Regional Workshop on “Integrated Resource Management in Asian Cities: The Urban 
Nexus” implemented by the GIZ in cooperation with UNESCAP and ICLEI. Bangkok, 
Thailand, November 2018. 
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wastewater12. Compared to the common gravity system, it uses the differential air pressure 
between the atmospheric one and the vacuum in the sewerage network, to transport waste 
water to a vacuum station, which serves as a collection point. A single vacuum station is 
sufficient to collect wastewater from 4 individual buildings on average, which again 
depends on the number of people living in these buildings13. The individual houses are 
connected by gravity sewer to individual collection chambers, which are then connected to 
a vacuum station. Up to a maximum of four houses can be connected to one collection 
chamber, which first collects the waste water of the households by gravity pipes and then 
the wastewater is sucked off from the collection chambers to the vacuum station. From 
there the water is transported to the treatment facility which should ideally be situated close 
to the vacuum station.  The vacuum sewer system functions as follows: 
� The wastewater is transported from the individual household to a collection 

chamber by a gravity sewer line. Depending on the amount of wastewater 
produced, commonly about 4 households can be connected to one collection 
chamber14. 

� The wastewater is collected in the sump of the collection chambers. 
� Then the wastewater is evacuated from the collection chambers through the 

vacuum sewer network to the vacuum station, where it is collected in the 
vacuum vessel.  

� Finally the wastewater is transported by pressure pumps from the vacuum 
station to the treatment facility (e.g. a WWTP). 

One of the advantages of the vacuum sewer technology is, that it is a completely sealed 
sys- tem. This makes it particularly apt for flood prone areas with a high water table. 
Moreover, formerly mixed rainwater and waste water pipes can be kept by laying the 
vacuum sewer pipe inside the existing gravity pipe. Due to this a separated system is 
easily implemented. So far, the waste water/storm water system in Thailand is a 
combined system, which means that rain water and wastewater are collected together, 
whereas only the overflow of the septic tanks with low organic load reaches the WWTP. 

Furthermore, in times of increasing shortages of land and competing interests of land 
use, a technology for wastewater treatment that requires less land, is more favorable. 
The vacuum sewerage system requires mainly space for the vacuum station, which 
eventually depends on the drainage area. If 1,000 people are connected to the system, 
the area required for the vacuum station will only be about 50sqm15. In the City of Korat, 
there are large ponds existent which serve both as basins for pre-water treatment and as 
a retention area for floods which occur mostly during the rainy season. By implementing 
a separated system, it could be considered to use parts of the huge areas of the ponds 
for the installation of PV-systems or wind energy plants in the future. 
 
3.2 The Significance of a Vacuum Sewerage System for the City of Korat 
As compared to the other cities in Thailand, the City of Korat uses a combined sewerage 

                                                
12 Report by GIZ on „Research on Vacuum Sewer Collection System“, Da Nang, Vietnam, p. 12, 
This should not be the only source you are using!!! There is plenty of documentation material on 
VS which could be quoted here! 
13 Report by the GIZ on „Preliminary Study on Vacuum Sewer System“, Chiang Mai, Thailand, p. 

21, July 2015. 
14 Presentation by Aqseptence Group and GIZ Urban Nexus on “Vacuum Sewerage Technical 

Training”, Rajkot, India, January 2018. 
15 Report by the GIZ on „Preliminary Study on Vacuum Sewer System“, Chiang Mai, Thailand, p. 

21,July 2015. 
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system to collect and transport the rainwater and the wastewater together to the WWTP. 
The wastewater is grey water which is only the overflow of the septic tank. Therefore, 
the wastewater which reaches the WWTP has a very low organic load. Additionally, due 
to the combined piping system, the grey water from the septic tanks is diluted by the 
rainwater also flowing through the pipes, which is particularly the case during the rainy 
season. Septic tanks must be installed below every building by law in Thailand. 

In Korat, the vacuum sewerage waste water collection system is supposed to connect a 
at first a small area (neighborhood) close to the WWTP to increase the organic load 
reaching the plant. The Korat Municipality has constructed a WWTP which uses an 
aeration system for waste water treatment. To understand the significance of the organic 
load coming to the plant, first one has to understand, how an aeration system works. An 
aeration system is characterized by treating the wastewater dependent on the biomass 
going into that treatment system. If the organic mass is very small in relation to the 
amount of wastewater, then the self-purifying process is very long- lasting. One technical 
solution to speed up the treatment process is to intensify the concentration of the organic 
load getting into the system, which is explained by the following Figure. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1: Left side: A lot of wastewater (cheese) and low activated sludge (mice) results in 

a bad treatment process. Right side: Some cheese (waste water) and high 
activated sludge (mice) results in a good treatment16. 

 
In Korat, the WWTP is characterized by low organic load (cheese) and low activated 
sludge (mice), which is only kept in balance because of the pre-treatment in the huge 
ponds preceding the aeration system. If the pond system was not given, then the amount 
of the activated sludge “eating” the organic load reaching the system would not be enough 
and an adequate treatment would not be guaranteed. In order to increase the activated 
sludge, the amount of organic load (an indicator for this is the amount of BOD in the waste 
water) needs to be in- creased in a certain relation to the system’s capacity to grow the 
activated sludge. Since the pond system is recommended to being used as potential area 
for producing renewable energy from PV systems or wind energy in the future17, the 
activated sludge needs to grow in order to be capable to treat the plus of organic load 
because the pre-treating function of the ponds will not be given anymore. This is done by 
                                                
16 Figure adapted from the lecture “Waste Water Treatment” by the Institut für Siedlungswasser- 

wirtschaft at RWTH Aachen 
17 Progress Report No. 2 by the FiW on “Review on repair works of wastewater treatment plant 

1, inspection of potential sites for vacuum sewer and discussion of next steps in Nakhon 
Ratchasima (Korat), Thailand”, April 2018. 
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a systematic increase of organic load which guarantees that the activated sludge has time 
to grow in relation to the amount of the plus of organic load getting to the system. The 
vacuum sewerage system is supposed to provide this certain amount of organic load. This 
is supposed to be done by bypassing the septic tanks which are connected to the 
households and transporting the wastewater directly to the WWTP in Korat. However, 
besides the target to increase the organic load for the WWTP, the use of a vacuum 
sewerage system compared to the use of septic tanks has other ad- vantages. A 
comparison of both systems and the advantages compared to septic tanks is depicted in 
the following: 
 

Table 3.1: Comparison of the vacuum sewerage system with the system 
of septic tanks. 

 

Vacuum Sewerage System 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 sur- 
rounding 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 sol- 
ids (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 
be- comes 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 
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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 

 

3.3 Public Consultation of the Communities of “Bencharong, Bencharong 5” 
and “Taosura 

In the former Subchapter, it was explained in detail, that in order to increase the sludge 
load of the plants, higher concentrated wastewater needs to be transported into the system. 
The GIZ Urban Nexus Project recommends using a vacuum sewerage technology which 
connects a certain area of the City of Korat directly with the WWTP. Therefore, first it had to 
be decided on which area of the City of Korat is the most suitable one to be connected to 
the plant and moreover, which communities agree on being connected. In the “Progress 
Report No. 2” by the FiW, that was mandated by the GIZ Nexus Project in exploring 
suitable areas to be connected to the WWTP, the FiW promoted two potential sites (Area A 
and Area B) for vacuum sewer, which are depicted in Figure 3.2. The Korat Municipality 
and the GIZ Urban Nexus Project decided that it is more favorable to conduct the survey in 
Area A (“Bencharong and Bencharong 5”) plus the area which lies in between this area and 
the WWTP (“Taosura”).  

Figure 3.2: Map of Korat showing the recommended sites for a vacuum sewer system (Area 
A and B; adapted from Progress Report No.1 by the FiW). 
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The main reason is that it is closer to the WWTP, which is positive in terms of the costs of 
connecting the chosen Area A with the WWTP by a piping system, and that there are 
roughly twice as many inhabitants living there compared to Area B18 which again 
guarantees a higher organic load. 

After selecting the study area for conducting the household survey, the Korat Municipality 
and the GIZ Urban Nexus Project asked the Department of Social Welfare for supporting 
the survey since this Department is directly connected to the leaders of the communities in 

which the household survey was conducted. By this, two different Departments of Korat 
Municipality, the one for Sanitary and the one for Social Welfare were brought together and 
started a collaboration with the mutual target of improving the waste water management 
and thereby the well-being of selected neighborhoods in the City of Korat. 
 

Figure 3.3: Public consultation in Korat on the 10th of September 2018. 
 
Subsequently, a public consultation was organized for the 10th of September 2018 to inform 
the communities about the household survey and to ask for their support, which is shown in 
Figure 3.3. The Department of Social Welfare supported the GIZ Nexus Project by 
contacting the leaders of the three communities of Bencharong, Bencharong 5 and Taosura 
beforehand and by informing them about the background of the rapid appraisal.  During the 
public consultation each of the leaders of the three communities was accompanied by ten 
volunteers who agreed on informing the other members of their communities and on 
helping to conduct the survey. The meeting with the community leaders was conducted in 
presence of members of the Korat Municipality (Department of Sanitary and Department of 
                                                
18 Progress Report No. 2 by the FiW on “Review on repair works of wastewater treatment plant 

1, inspection of potential sites for vacuum sewer and discussion of next steps in Nakhon 
Ratchasima (Korat), Thailand”, April 2018. 
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Social Welfare) and members of the GIZ Urban Nexus Project. Almost 50 people were 
present, asking questions about the vacuum sewerage technology and the concept of the 
survey. One got the impression, that the communities are enthusiastic about getting the 
chance of taking actively part in the survey and being able to contribute to a potential 
implementation of the vacuum sewerage system, which would improve the city’s water 
management in the future. In Figure 3.4 a flyer is shown which was passed to the 
communities’ volunteers in order to get an understanding of the vacuum sewerage 
technology. The flyer explains the main differences between the current system and the 
vacuum system. Moreover, detailed instructions about the process of the survey and how 
to conduct it in a strategically and structured way, were handed out. The version of the 
informative flyer in Thai  can be seen in Annex C, while the instruction is shown in Annex D. 

The result of the meeting was, that the “ambassadors” of the three communities offered 
pro- actively to conduct the survey and support the GIZ Urban Nexus Project in its target to 
gain data for the design of a vacuum sewerage system. Due to their support, almost all the 
owners of the establishments that were interviewed during the survey allowed access to 
their plots and were willing to collaborate and give the information which were required 
according to the questionnaire (see Annex). Even when the GIZ Urban Nexus Team joined 
the communities for the implementation of the survey, the owners being interviewed 
cordially allowed access to their houses. Only a few houses could not be interviewed 
because they were empty or the owners were not available.  
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Figure 3.4: Flyer which was handed out during the public consultation to give the 

communities an understanding of the advantages of the vacuum sewerage 
technology. 
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3.4 Course and Results of the Household Survey 

The interviews for the household survey in the Area A and the site in between this area and 
the WWTP, started after the public consultation on the 10th of September and lasted for 
three weeks. The volunteers of each of the communities engaged in convincing all 
participants of  the survey to dress up in a certain “survey team” color as shown in Figure 
3.5 for the case of Taosura. 

 
 

Figure 3.5: Volunteers of Taosura while interviewing a community member. The water bill is 
shown as part of the questions within the survey questionnaire. 

In total, 509 out of 683 households were interviewed which corresponds to a coverage 
of    75 % of all households. The remaining 25 % could not be captured because of the 
following reasons: 

� The houses were abandoned. 
� The owners could not be reached. 
� The house was not part of the community. Particularly the area of Taosura is a 

special case, because it is a “private community”. Nevertheless, due to the help 
of the community leaders it was possible to get access to that area and 
interview the people living there. 

� The map provided by the Korat Municipality was not up to date. This can be 
seen in Annex F, which shows the maps of Bencharong, Bencharong 5 and 
Taosura, on which houses had to be added or others were not there anymore. 
Again, only due to the support of the community leaders, the members of the 
GIZ Urban Nexus Project gained access to a current map including the 
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households and the registration numbers. This is important to know for the 
design of the vacuum sewerage system, as depending on the number of 
inhabitants, a certain number of houses (up to four) can be connected to a 
single collection chamber, as explained before.  

� From the sort of septic tanks, via the water bills (see Figure 3.6), through to the 
sanitary ware, the questionnaires were mainly comprised of questions whose 
answers are indicative for grey and black water generated in the establishment 
among the three communities. This is crucial for the design of the potential 
vacuum sewerage system. An example of one of the questionnaire is given in 
the Annex E. 

 
 

Figure 3.6: Example of a water bill in the community of Taosura. 
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Figure 3.7: One of the first interviews in Bencharong 5, which was accompanied by members 

of the GIZ Urban Nexus Project who jumped in if questions were unclear. 
 
 

Figure 3.8: A few interviews later, the volunteers of Bencharong 5 were confident enough in 
filling in the questionnaires themselves, without any support needed. 
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Figure 3.9: Example of a septic tank outside of a house in Bencharong 5. 
 
The household survey has been conducted to get a preliminary idea of the sanitary 
conditions of the households in the selected pilot area. The total number of households 
inter- viewed can be distinguished in 

� Normal Residents: 497 
� Hotel and Guest Houses 10 
� Restaurants: 1 
� Hospitals: 1 
� Others (Home Offices, Shops): 18 

Considering all three communities, 63 % of the inhabitants are homeowners, 12 % are 
renting the establishment and 25 % are neither owners nor renting. This is due to the fact 
that the owner or renter was not always available, e.g. because of their work, and sent 
family members or friends who know the houses or allowed the interviewees access to the 
houses, in order to support the household survey.  

Moreover, 98 % of every establishment have a septic tank, whereas 2 % do not have one 
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or did not know whether there is a septic tank available. The majority of the establishments 
are still using the old septic tanks, which are made of concrete and bricks and of which it is 
mostly unknown, whether they have a sealed bottom made of concrete and bricks. Overall, 
there are 471 old septic tanks in all three communities and only 27 modern ones. The 
modern septic tanks are made of glass fiber, plastic (PVC) etc., and are being used more 
and more in Thailand19. They provide a better onsite treatment for both grey and black 
water, compared to the old septic tanks made of concrete and bricks. In comparison, old 
septic tanks are oftentimes not maintained properly, which means they are not cleaned 
regularly (see results on “How often is the septic tank cleaned?”), and they leak coliform 
bacteria and other contaminants from fecal matter into the soil where it possibly reaches 
the groundwater20. In Korat, freshwater is gained from the 60 km distanced Lamptakom 
Dam, however, contaminated soil prevents the natural purification function of water leaking 
through the soil into the groundwater and therefore has adverse effects on the environment 
in general. 

In terms of the survey, Bencharong 5 is the most advanced community when using modern 
septic tanks. About 11 % of all tanks are modern ones, whereas Bencharong’s and 
Taosura’s relation of modern and old septic tanks amounts to only 2 % and 6 %, 
respectively. Just as inhomogeneous, when comparing the three communities, is the result 
in terms of the emptying of the septic tanks. In all three communities, the emptying by a 
vacuum truck costs 312 THB on average and is done once per year on average. However, 
some septic tanks are cleaned more often, such as every three months, whereas other 
septic tanks are never cleaned. So, just as in the case of the relation between modern and 
old septic tanks, there is also a difference in the frequency of cleaning the tanks on a 
community basis. In Taosura, the septic tanks are almost never cleaned, whereas 
Bencharong and Bencharong 5 clean their tanks once per year on average (see Table 3.2). 
One reason for this might be, that more of the septic tanks in Taosura are connected to the 
drainage system. Taosura is also the community that is the closest to the WWTP of the 
three. In Bencharong and in Bencharong 5 less septic tanks are connected to the drainage 
system. Overall, 77 % of the establishments are not connected to the drainage system. 
Moreover, only 2 % of the establishments have a grease trap, while 89 % have not installed 
one. 

One of the many advantages of the vacuum system in comparison to the septic tanks is, 
that it pre- vents grey and black water from overflowing in case of floods. Even though 
there have not occurred significant floods in Korat for the last three years, nonetheless the 
water reaches a water level between 0.5 – 1 m during the rainy season in some community 
areas. Moreover, even if floods have not occurred during the last three years, one can 
assume there will be larger floods in the future. The last major flood and one of the most 
devastating ones in the history of floods in Korat, happened in 2011, when “the water level 
rose over houses”21. In the following table, the above information on the results of the 
household survey are summarized: 

                                                
19 Report by the GIZ on „Preliminary Study on Vacuum Sewer System“, Chiang Mai, Thailand, p. 

21, July 2015. 
20 Report by the GIZ on „Preliminary Study on Vacuum Sewer System“, Chiang Mai, Thailand, p. 

21, July 2015. 
21 Boonlua Charoenwat, Vice Mayor of Korat at 8th Regional Workshop on “Integrated Resource 

Management in Asian Cities: The Urban Nexus” implemented by the GIZ in cooperation with 
UNESCAP and ICLEI. Bangkok, Thailand, November 2018. 
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Table 3.2: Results of the sanitary household survey in Korat City. 
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4 Conclusion 
The aim of the mission to Korat was to support the rehabilitation of the WWTP and give 
technical advices to improve the wastewater management to the Korat Municipality. For 
this it was focused on three major issues, which are the following: 

1. The rehabilitation of the mechanical equipment and an improvement of the 
reliability of the system of the WWTP by technical adjustments, e.g. the redirection 
of the in- flow. 

2. The establishment of a thorough Monitoring and Sample plan, which covers the 
most important physical and biochemical parameters to check for the quality of the 
water treatment. 

3. A sanitary household survey which is supposed to build the foundation of the 
technical planning of a vacuum sewerage system. This system is supposed to be 
implemented in a pilot area close to the WWTP and serves as a mean to increase 
the amount of organic load arriving at the WWTP. 

In terms of the technical measures at the WWTP it was focused on: 

� The broken diffusors and the implementation of a thorough monitoring system of 
the DO with a manual oxygen meter in the AS 1. A plan of how, where and when to 
measure the oxygen has been established. 

� The repair of the travelling bridges. It was recommended on how to equalize the 
size of the wheels on both sides of each of the two bridges. Moreover, it was 
discussed with the Korat Municipality to cut off the flanges on both bridges, 
because so far the Municipality has kept the flanges on one bridge to compare the 
wear and tear be- tween the bridge with the flanges and the bridge without the 
flanges. Moreover, the motor for the vacuum pump which sucks the surplus sludge 
from the ground of the sedimentation basin back into the aeration basin, is 
recommended to be checked and, if broken, to be replaced. 

� The redirection of the inflow to the AS 1 in order to increase the concentration of 
organic load to the WWTP. 

The next step was to build a thorough Monitoring and Sample Plan. This Plan is supposed 
to help observing the growth of the Dry Mass in g/l in a structured and guided way, in order 
to see whether the system works and the WWTP is capable of also treating waste water 
with a higher organic load. Besides the Dry Mass, other common physical and biochemical 
water parameters, e.g. the pH-Value or the total value of phosphorus, are measured and 
documented daily. By this, it can be immediately checked for changes of the quality of the 
water treatment, after technical measures have been carried out at the WWTP. Thereby, 
the staff at the plant is able to react instantly in case the system of the plant is not working 
adequately or even abnormally. 

Finally, a sanitary household survey was conducted in three communities close to the 
WWTP, namely Bencharong, Bencharong 5 and Taosura. For this household survey, the 
GIZ Urban Nexus Project was supported not only by the Department of Sanitary, but also 
the Department of Social Welfare. By this, a small shift in the “Nexus Thinking”, away from 
the solely consideration of the three Nexus sectors, which are water, energy and food, 
towards an integration of the Nexus into the governmental processes and thereby towards 
an intra- institutional collaboration has been accomplished. 
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Annex A: Instruction for the creation of a Monitoring and Sample Plan. 
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Annex B: Photo story showing the several steps taken to sample the Dry Mass in g/L. The 

Korat Municipality documents the Dry Mass in its Monitoring Report daily. 
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Annex C: Handout to the leaders and members of each community to get familiar and 
understand the advantages of a vacuum sewerage system compared to their 
current combined system of septic tanks and gravity sewer. 
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Annex D: Detailed instruction on how to conduct the survey. 
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Annex E: Example of one of the filled in questionnaires by one of the house owners in the 
community “Bencharong 5”. 
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