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1 Overview 

The urban population in Asia is growing by 44 million people per year. This rapid urbanization brings about major 
challenges for urban supply and municipal utilities in the fields of water supply and sanitation systems, energy 
supply and energy efficiency, land use and food security. In this context, the GIZ project “Integrated Resource 
Management in Asian Cities: the Urban Nexus” gives technical advice to different stakeholders in the cities on 
how to integrate adapted technological solutions into the existing state of development.  

Fraunhofer IGB as an institute for applied research contributes to the project in the area of water and wastewater 
management and utilization of bio-waste. In a trans-disciplinary approach, the cooperation of research with 
technical assistance, the city administrations, the private sector, and NGO’s is intended to lead to new, 
innovative, and realistic solutions for the participating cities. The role of Fraunhofer IGB is to give, based on the 
observations in the cities and on its technical/ scientific background, advice for the development of the 
infrastructure regarding water supply, wastewater disposal and bio-waste treatment, taking into account the 
Nexus approach (benefits for energy and food supply sector). 

The following eight cities participating in the Nexus-project have been visited by staff from GIZ and Fraunhofer 
IGB together: 

• Yogyakarta, Indonesia, 10./11.09.2013  

• Santa Rosa, Philippines, 12.-14.09.2013 

• Naga City, Philippines, 15.-18.09.2013 

• Ulanbaataar, Mongolia, 8.-13.02.2014 

• Rizhao, PR China, 14./15.02.2014 

• Weifang, PR China, 16./17.02.2014 

• Da Nang, Vietnam, 19.-22.02.2014 

• Korat, Thailand, 24.-27.02.2014 

In these cities, meetings with local staff from the administration and other organizations took place, options for 
technical solutions have been presented, and relevant sites have been visited. On this basis, a report describing 
the status quo and possible solutions in the focused areas has been prepared for each of the visited cities. A 
presentation summarizing the results has been prepared for the Third Regional Workshop on Integrated Resource 
Management in Asian Cities: The Urban Nexus in Da Nang (25.-27.06.2014). During this workshop with more than 
95 participants from Germany, Indonesia, Mongolia, Philippines, Thailand and Vietnam, possible solutions for the 
participating cities have been discussed and experiences have been exchanged. 

In the context of this cooperation, a German student from the University of Hohenheim is writing his Master’s 
thesis with the working title “Improving the treatment of bio-waste in Korat, taking into account energy production, 
utilization of treated waste in agriculture, and purification of wastewater” under supervision of GIZ and Fraunhofer 
IGB. On this account, he is doing on-site research from 01.06.–31.08.2014 in Korat, Thailand. 

As a joint publication, the results of this cooperation are presented at the World Water Week 2014 in Stockholm in 
an oral presentation under the title “Adapted technologies for the integrated management of water, energy, and 
food in Asian cities” in the workshop “Fighting poverty post-2015: securing access to energy, food and water”. 
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2 Overall aspects 

The following analysis and advice concerns all cities visited in the course of this project. 

2.1 Urbanization 

The situation in Asian cities is characterized by strong population growth, economic growth, and fast 
development of infrastructure. This development is accompanied by the risk that the environmental resources are 
polluted and exhausted and thus the quality of life is decreasing. This can lead to the decline of the city, as its 
attractiveness in national and international competition for highly educated staff and for large companies is 
limited. 

The development called urbanization is not new, in America and Europe it took place 100 to 150 years earlier than 
in Asia (figure 1). But the velocity of this development is new: in America and Europe, it took between 100 and 
200 years for the urbanization rate to increase from around 10 % to around 50 %, while in Asia the same happens 
in about half that time and with a population many times larger. 
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Figure 1: Duration of increase in urbanization rate from around 10 % to around 50 % in different parts of the 
world [ADB 2012] 

 

2.2 Impact on water supply 

Regarding water supply, all of the visited cities are in danger of scarcity in the near future. The demand is not only 
increasing due to population growth, but also due to increased water consumption per capita caused by 
economic development. This causality is illustrated by figure 2: most of the visited towns are currently situated in 
the lower left corner of the graphic (low Gross Domestic Product, low water consumption per capita – see table 
1). The example of other cities in the region shows the risk of a sharp increase in per capita water demand 
caused by economic growth. 
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Figure 2: Water consumption and per capita income in selected Asian cities [UN 2014] 

 

Table 1: Water consumption in a number of Nexus cities (data from city administrations in 2013) 

City Water consumption per capita (l/cap/d) 

Da Nang 130 

Korat 250 

Naga City 160 

Santa Rosa 100 

Ulanbaataar 185 

 

Due to this current or future water scarcity, city governments will have to make additional water resources 
available. The more polluted a water resource is, the higher is the energy demand and the costs for treatment. 
The same accounts for the transport of water resources: the farther away, the more energy demand for pumping. 
Parallel, one has to take a possible competition for clean water resources into account, between different cities 
and between agriculture, the energy sector (hydro-power and cooling water) and the city. Higher water 
consumption also leads to higher costs for wastewater treatment, as the treatment plants have to be designed 
larger and more water has to be pumped. 

Technically, it is possible to make drinking water from every water source (e.g. Windhoek and Singapore: potable 
reuse, seawater desalination). But the more polluted the water is, the more energy has to be used and the higher 
are the investment and operation costs. Therefore, the cleanest and most secure source should be used for 
drinking water, while the second best source should be used for irrigation in agriculture. Here, treated wastewater 
can be an option (see e.g. reports for Da Nang and Korat). 

High priority should be given to demand-side management. Copenhagen (Denmark) faced a water shortage in 
the end of the 1980’s and decided to take measures to reduce its per capita demand. Thus, the water demand 
decreased from 170 l/cap/d in the 1980’s to 100 l/cap/d in 2013. 

Measures for the water demand management are: 

• Cost: Although they have the knowledge that saving water is somehow important, the motivation to reduce 
drinking water consumption is higher for many people if it affects them economically. As water has to be 
affordable also for the poor, the first 100 l/cap/d should be cheap to secure the basic needs. For higher 
water consumption, the price should be increased considerably to prevent wastage (step tariff). 

• Water meter for every apartment: Higher costs per m3 water can only be effective if water consumption is 
measured at household level. Then the inhabitants feel that they can influence the amount they have to pay 
for water. 
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• Awareness raising campaigns: In the 1980’s, it was a new idea to people in Copenhagen that water was a 
limited resource. Nowadays, everybody is aware that water is a resource that should not be wasted. This is 
the result of decades of water saving campaigns, in schools and kindergartens and at community level. The 
campaigns started in the late 1980’s advertising on buses, taxies and trains, distributing pamphlets and 
posters, and informing over local television and radio. 

• Subsidies on water saving installations: In the course of the awareness raising campaigns, people should 
also be informed about water saving installations like toilets, washing machines, and taps. The water 
authorities might even subsidize the costs of these installations in private households, as it pays off due to 
reduced overall demand. 

• Reducing water losses in supply network: Constant and systematic detection and elimination of leaks in the 
supply network can reduce the loss rate (non-revenue water) considerably. Additionally, the pressure in the 
supply network can be controlled- with constant pressure, less damages appear in the network. Good 
practice is a loss rate around 10 %. Loss rates of some Nexus cities are shown in table 2. 

 

Table 2: Water supply loss rates in a number of Nexus cities (data from city administrations in 2013) 

City Loss rate water supply (%) 

Da Nang 20 

Korat 34 

Naga City 22 

Santa Rosa 30 

Ulanbaataar 17 

 

2.3 Impact on wastewater management 

With increasing population and increasing water supply, the amount of wastewater increases as well. To achieve 
a reasonable quality of living in a city and to prevent heavy environmental deterioration in the surrounding 
environment, the collection and treatment of wastewater is necessary. This becomes clear by looking at the 
contents of wastewater: 

• Organic matter: Often measured as COD (chemical oxygen demand) or BOD (biochemical oxygen 
demand). Can be used by microorganisms as a substrate: without oxygen, it is transformed into biogas by 
anaerobic microorganisms, emitting methane (greenhouse gas potential around 20 times higher than CO2); 
in presence of oxygen, organic matter is degraded by aerobic microorganisms- in rivers and lakes, this can 
lead to a decrease in oxygen concentration with serious consequences for the ecosystems and emission of 
bad odor. 

• Nutrients (mainly nitrogen and phosphorous): In natural water bodies, nutrients cause eutrophication (e.g. 
algae growth), leading to a decrease in oxygen concentration with serious consequences for the 
ecosystems. In agriculture, these nutrients are a valuable fertilizer. 
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• Microorganisms: They originate mainly from human feces, some are pathogenic and can cause diseases 
(e.g. in drinking water, agricultural products, bathing water). The prevention of diseases is the primary 
reason why wastewater should be collected in cities. 

• Water: If the wastewater is treated correctly, it can be reused (in urban agriculture, for irrigation of parks 
and other green areas, for washing of streets etc.). 

In many towns in developing and newly developed countries, and in many of the Nexus cities (see table 3), septic 
tanks are the standard wastewater treatment facilities. Septic tanks must be considered as an improvement 
compared to direct discharge of feces into the drainage system, if there is no treatment. In septic tanks, the 
pollution of wastewater is reduced slightly regarding organic matter and microorganisms. Depending on the 
quality of the septic tanks and the soil characteristics, part of the wastewater seeps into the ground, the rest 
overflows either into the environment or into a sewer system. Septic tank overflow and infiltration are harmful for 
the environment, due to the remaining microorganisms, nutrients, and organic matter. This might be acceptable in 
areas with low population density, as the overflow can be discharged onto areas with capacity to treat 
wastewater. It is not acceptable in areas with high density (=cities), as groundwater and receiving water bodies 
are heavily polluted. Additionally, methane emissions from septic tanks increase the global warming process. 

Table 3: State of wastewater management in a number of Nexus cities 

City Wastewater management 

Da Nang septic tanks, drainage system, low-tech anaerobic treatment plants 

Korat septic tanks, drainage system, pond system, central aerobic treatment plant 

Naga City septic tanks, drainage system, no central wastewater treatment 

Santa Rosa septic tanks, drainage system, no central wastewater treatment 

Ulanbaataar combined sewer system, central aerobic treatment plant  

 

As a consequence, at a certain stage of the development of each city septic tanks have to be replaced by 
sewage collection systems. This is often complicated and expensive in densely populated areas, as septic tanks 
are often positioned under existing buildings or pavement. Therefore, in cities individual septic tanks should not 
be constructed any more. Instead, a sewer system and a central or semi-decentralized wastewater treatment 
plant should be installed. It is much easier and cheaper to upgrade a wastewater treatment plant than to upgrade 
the whole sewer system in existing settlements. 

For this wastewater infrastructure, investments are necessary. As these investments do not generate direct 
revenue and as the population in many cities, especially in developing countries, is not able to take over these 
investments by paying more for their water, this is the main obstacle for the development of a wastewater 
infrastructure. On the other hand, high hidden costs occur if nothing is being done:  

• the resources water and soil are polluted (losses in agriculture, fishery and tourism, expensive to 
remediate), 

• the living quality decreases, causing companies and good educated people to move away,  

• diseases spread (people cannot go to work/ to school, costs for doctors/ hospitals/ medication have to be 
taken over by the public). 
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In Vietnam, the economic losses resulting from poor sanitation were estimated to USD 780 million per year or 1.3 
percent of the GDP [Australian Aid, The World Bank 2013]. For the Philippines, economic losses of 1.7 billion USD 
have been estimated in 2008 accordingly [Kircher Lumbao]. 

Thus, ways of financing a satisfactory wastewater management infrastructure have to be found to help these 
rapidly growing cities develop sustainably.  

2.4 Impact on municipal solid waste generation 

Like water supply and wastewater disposal, the amounts of municipal solid waste (MSW) are likely to increase 
with increasing GDP. Equally, the reduction of the quantity as a first measure is cheaper than the treatment of the 
waste. The better the waste is separated, the easier it is to recycle. 

Especially the bio-waste fraction should be separated from the other MSW before landfilling or burning it. This is 
due to the relatively high water content and the biological degradation of the bio-waste, taking place 
automatically. The latter leads to the generation of methane (greenhouse gas), hydrogen sulfide (smell, 
corrosion), and water with low pH. This acid water can dissolve toxic substances from other waste fractions and 
infiltrate into the groundwater, with severe effects on the water quality and thus on the water supply of the city. On 
the other hand, the bio-waste can be treated anaerobically to generate biogas, a renewable energy source. After 
anaerobic treatment, the bio-waste is stabilized partly and can be used in agriculture after composting. 
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