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ABSTRACT Large sewer systems with central wastewater treatment plants were
long considered a successful model that could be exported to practically any city
of the world. This centralized, highly water-consuming system has, however,
shown its limits in some developing and transition countries, especially in fast-
growing cities with limited water resources. This study from around Lake Dianchi
in Yunnan, China, investigated the feasibility of introducing measures at the
source for the different urban wastewater contributions in the city of Kunming,
and the stakeholder perspectives on this approach. In addition, the stakeholders
evaluated the potential of two different sanitation alternatives that allowed the
separation and re-use of human excreta as fertilizer. Most of those interviewed
approved of measures at the source, especially for industrial wastewater and toilet
waste. There was a prevailing optimism with respect to the potential of technical
developments and the likelihood of increased environmental awareness within a
relatively short time span of 20 years. The findings suggest that China will prove
to be one of the most interesting and productive “laboratories” for the develop-
ment of decentralized wastewater treatment alternatives.
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I. INTRODUCTION

The provision of water and sanitation is one of the oldest and most
fundamental ecological challenges of urbanization. Both human health
and environmental quality are at stake and large amounts of such
valuable resources as water and nutrients are involved.

Historically, Europe has relied on sewer systems with centralized
wastewater treatment plants optimized for water pollution control. For a
long time, it was generally accepted that this successful model could be
exported to any area of the world, at least in an urban context, given the
investment of sufficient means. The flush toilet became a symbol of
comfort and cleanliness, and in many cases the complexity of a sewer
system with centralized wastewater treatment was overlooked.

It is now generally recognized that under certain circumstances, this
strategy leads to failure. In rapidly growing cities with a lack of water
resources relative to population density and a chronic shortage of capital,
a centralized sewage system may not be the best choice. When cities are
growing fast, it takes discipline, planning and experience to expand
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capital-intensive sewer systems and, at the same time, to ensure that
sufficient treatment capacity is available. The financial resources targeted
for the construction of sewer lines normally account for about 80 per cent
of the total investment in centralized wastewater systems. For instance in
Latin America, where a relatively large proportion of the population is
connected to a sewer system, only an estimated 10 per cent of the
collected sewage is treated at all, and the quality of treatment is generally
low.(1) With rising population density relative to the water resources
available for wastewater dilution, the task of water pollution control also
becomes increasingly difficult, eventually leading to situations that can
hardly be managed with existing end-of-pipe technology.(2)

Even in Europe, it is well recognized that end-of-pipe technology is
not suitable for all problems connected with wastewater treatment.
During the last decades, measures at the source have become an integral
part of European mainstream wastewater management, and have been
especially successful in the case of non-degradable detergents that were
prohibited during the 1960s,(3) in the control of heavy metal emissions
in industry(4) and, in some countries, in introducing a phosphate ban in
detergents.(5) Wastewater in a municipal sewer system is a mixture of
domestic wastewater, industrial wastewater, non-polluted rainwater and
infiltration water, e.g. from rivers and small streams. In Europe, techni-
cal measures at the source are taken mainly for industrial wastewater and
for non-polluted wastewater. Industrial wastewater is targeted because of
toxicity and a high non-degradable organic compound content. The
measures are based on on-site treatment and source separation, often
leading to internal savings of water and other resources.(6) Dilution with
non-polluted wastewater impairs the wastewater treatment process and
leads to higher loads of untreated wastewater being discharged when it
rains. The main actions taken to solve this problem are: maintenance of
the sewer system to prevent infiltration of groundwater; infiltration of
rainwater into the ground; or separate sewers.(7) Domestic wastewater is
normally divided into black water (toilet wastewater) and grey water (the
rest). In Europe, measures at the source for domestic wastewater are based
purely on regulation, like the ban on non-degradable detergents and
phosphates in washing powder, or regulation against the discharge of
such toxic materials as paint at the household level.

It is, of course, possible to extend measures at the source for domestic
wastewater beyond pure regulation. Discussions of waste design have
examined the possibility of achieving favourable changes in the compo-
sition of domestic wastewater based on source separation.(8) If concen-
trated waste streams are separated at the source and intermediately stored
or treated separately, the centralized wastewater treatment process can be
optimized. The best known example of waste design is urine source separ-
ation, which has been extensively examined in the literature over recent
years.(9)

In rapidly growing cities, measures at the source could be even more
attractive than in the mature cities in Europe, especially if a combination
of such measures could replace the centralized system in whole areas of
these expanding cities, thus avoiding the need to build capital-intensive
sewers. In this paper, we look at the situation in Southeast Asia, exempli-
fied by the city of Kunming, the capital of the Chinese province of
Yunnan, located north of Lake Dianchi (Figure 1).

In the 1950s, Lake Dianchi had reportedly clear water and people
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swam in it, but since then, industrialization and an increased urban popu-
lation have turned the lake into one of the most polluted in China.(10)

The Greater Kunming Metropolitan Area is a rapidly expanding city, with
a population expected to increase from today’s 2.6 million to 4.5 million
by 2020.(11) The lake is heavily eutrophised, with phosphorus as the
limiting growth element for algae; the main origin of the phosphorus
discharges into the lake is the wastewater from the city of Kunming.(12)

Six modern biological wastewater treatment plants were built between
1988 and 2001, with a treatment capacity of 580,000 cubic metres of
wastewater per day.(13) In a material flow analysis, however, it was shown
that only about 25 per cent of the wastewater actually reached the treat-
ment plant. Furthermore, due to the high population density and other
phosphate-producing activities such as agriculture, even with the best
available end-of-pipe technology the carrying capacity of the lake would
still be exceeded at the current population level.(14)

The 2001 Five-Year Plan foresees additional measures at the source,
most prominently a phosphate ban on detergents, and the introduction
of urine source separating dry toilets in rural and peri-urban areas.(15)
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FIGURE 1
Location of the city of Kunming

SOURCE: World Bank (1996), Environmental Assessment Report – Draft
Executive Summary, Yunnan Environmental Project Office, Yunnan Institute of
Environmental Sciences in association with Montgomery Watson, GHK/MRM
International, Hunting Technical Services, Severn Trent Water International,
Washington DC, page 8.
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Since urine, faeces and detergents are the main sources of phosphorus in
domestic wastewater, both measures are well suited to reducing the
phosphorus load to the lake. However, measures in rural and peri-urban
areas alone will not solve the complex problem of Lake Dianchi, already
heavily overloaded with phosphorus.(16)

Urine source separation is found in two fundamentally different
designs: the urine-diverting dry toilet (Figure 2a) and the urine-separating
flush toilet (NoMix toilet, Figure 2b). These two toilet designs are
intended for different situations. The NoMix toilet was developed in
Sweden in the early 1990s as an alternative to the conventional flush
toilet, and it closely mimics this toilet. The urine-diverting dry toilet is a
hygienically improved and odourless latrine toilet. From a technical point
of view, the main difference consists in the NoMix toilet being a flush
toilet that still depends on water for flushing of faeces, whereas the urine-
diverting dry toilet functions totally without water and any further water-
borne transport and processing of faeces. This latter toilet allows for an
efficient desiccation of faecal material for safer re-use as fertilizer, an
important aspect in ecological sanitation. The NoMix toilet is very flexible
and can be used for optimizing existing centralized wastewater treatment
with or without the option of nutrient recycling.(17)

First results indicate that the NoMix toilet is relatively well accepted
in Europe, although there is still scope for improvement with respect to
design and technology.(18) The NoMix toilets have also been well received
in a number of pilot projects in institutional settings.(19) The little
evidence obtained concerning the urine-diverting dry toilet in personal
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FIGURE 2
Two urine-separating sanitation alternatives

A: The urine-separating dry toilet, which functions without water

SOURCE: Courtesy of Lin Jiang, Associate Professor and member of the Guangxi
Committee of the Jiu San Society, Department of Science and Technology,
Nanning City.

B: The urine-separating flushing toilet (NoMix toilet)

SOURCE: Roediger Vakuum- und Haustechnik GmbH, Hanau, Germany. Training
document courtesy of Lin Jiang.

 by john shaw on August 19, 2015eau.sagepub.comDownloaded from 

http://eau.sagepub.com/


W A S T E W AT E R  M A N A G E M E N T  I N  K U N M I N G, C H I N A

households(20) emphasizes how important it is that the toilets are used
correctly and that the users are properly involved in all aspects of the
implementation process.

In the study described here, we aim for an understanding of how stake-
holders evaluate the potential of different measures at the source to solve
the wastewater problems of Kunming, and the possibility of such measures
being introduced in the future. On the one hand, we want to understand
how Chinese experts generally judge the importance of measures at the
source for the single wastewater sources. On the other hand, we investigate
the specific attitude of these same experts towards the concept of urine
source separation in an urban context, a measure already foreseen for rural
and peri-urban areas in the catchment area of Lake Dianchi.

II. METHODOLOGY AND PROCESS

We relied on expert interviews to identify the attitude of the most
important stakeholders towards different measures at the source for more
effective wastewater treatment. Meuser and Nagel(21) define an expert as
a person with a specific responsibility for the draft, implementation and
control of a problem solution, as well as having privileged access to
information. According to this methodology, experts represent the
problem-solving capacity and decision-making structure of an organiz-
ation or institution. We selected a number of stakeholders who would act
as experts on the introduction of urine source separation in Kunming,
and we conducted interviews with representatives of these stakeholders.
Generally, we use a highly structured interview method with a large
number of closed questions. However, we made important extensions to
this questionnaire based on the problem-centred expert interviews
described by Witzel.(22) This latter type of interview procedure is only
loosely bound to a well-defined topic, giving the interviewee the oppor-
tunity to freely add qualitative information.

In another work,(23) we identified and characterized the stakeholders
who might potentially play a role in the implementation of urine source
separation in the city of Kunming (Table 1). We met representatives of
most of these stakeholders for a one-hour interview, using structured
standardized guidelines that allowed us to collect both qualitative and
quantitative data. Technical fact sheets were prepared to help convey
information to the stakeholder representatives during the interviews.
Figure 3 illustrates the interview guidelines that were followed, and the
interventions with the fact sheets at different stages of the interview to
present the concept of measures at the source, also the central role of
urban sanitation in the polluting of Lake Dianchi, and the two urine
source separating alternatives. The interviews usually took place in
Chinese and the interviewer wrote down the qualitative information
answers. The quantitative answers were written down directly by the
interviewees on a previously prepared form.

The interviews were structured in three parts. In Part I, the concept
of applying measures at the source to improve wastewater management
was introduced and discussed, and the measures at the source for five
different wastewater sources were evaluated (Figure 4).

In Part II, the two urine-separating alternatives were presented
(Figure 2), and the potential and limitations for urban implementation
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were evaluated. Different aspects and future perspectives for these
alternatives were taken into account.

In Part III, the stakeholder representatives described the activity of
his or her organization and the relationship with other stakeholders. This
part of the interview helped us refine the stakeholder analysis; this was
presented elsewhere and is not discussed further here.(24)

In order to compare the qualitative statements of the interviewees,
we treated the data as follows.(25) First, the qualitative answers were
written down as they were expressed by the interviewee. The resulting
text was then paraphrased without modifying the information content,
in order to facilitate comparison between the interviews. The answers
were then summarized with keywords or short sentences to concentrate
and better visualize the information. Finally, the answers were themati-
cally compared between the interviews and grouped according to whether
the stakeholder saw a potential or a limitation for the specific aspect in
question. The number of stakeholder representatives making similar
statements was tallied.

E N V I R O N M E N T  &  U R B A N I Z AT I O N Vol 18 No 2 October 2006

13. Management Department
of the Sewerage Treatment
Plant at the Kunming Municipal
Sewerage Corporation (2004),
personal communication.

14. See reference 2.

15. Task Group (2001), Tenth
Five-Year Plan, Task Group of
Water Pollution Control in
Dianchi Catchment Area,
Kunming, pages 22–25 (in
Chinese).

16. For a detailed mass flux
analysis, see reference 2.

17. Larsen, Tove A, Irene
Peters, Alfredo Alder, Rik
Eggen, Max Maurer and Jane
Muncke (2001), “Re-
engineering the toilet for
sustainable wastewater
management”, Environmental
Science & Technology Vol 35,
No 9, pages 192A–197A.

18. Pahl-Wostl, Claudia,
Andreas Schönborn, Nicole
Willi, Jane Muncke and Tove A
Larsen (2003), “Investigating
consumer attitudes towards
the new technology of urine
separation”, Water Science and
Technology Vol 48, No 1, pages
57–65; also Udert, Kai M, Tove
A Larsen and Willi Gujer (2003),
“Biologically induced
precipitation in urine-collecting
systems”, Water Science and
Technology: Water Supply Vol
3, No 3, pages 71–78.

19. Lienert, Judit, Kirsten
Thiemann, Ruth Kaufmann-
Hayoz and Tove A Larsen
(2004), “Young users accept
NoMix toilets – a questionnaire
survey on urine source-
separating toilets in a college
in Switzerland”, Proceedings of
the 4th IWA World Water
Congress and Exhibition, 19–24
September 2004, Marrakech,
Morocco (CD-Rom); also
Lienert, Judit and Tove A
Larsen (2006), “Considering
user attitude in early
development of
environmentally friendly
technology: a case study of
NoMix toilets”, Environmental
Science & Technology Vol 40,
pages 4838–4844.

358

FIGURE 3
Guidelines for conducting expert interviews

The third part of the guidelines was used for a stakeholder analysis published
elsewhere, and will not be further discussed in this paper.
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The interview guidelines and the fact sheets were initially pre-tested
with five stakeholder representatives in China, in order to improve the
procedure before conducting the final interviews according to the guide-
lines presented in Figure 3. The test interviews were then discarded and
new interviews were conducted with other representatives from those five
stakeholders.

III. RESULTS

a. The stakeholders

Thirty-five stakeholders were identified (Table 1), mainly government
offices under the Kunming jurisdiction; also five non-governmental stake-
holders (#7, #30, #31, #32, #33) and five stakeholders outside of Kunming
(#13, #14, #15, #34, #35). About one-quarter of the stakeholders are
research institutions. An overview of the Chinese political and adminis-
trative structure relevant to wastewater management, and the status of
the stakeholders with respect to interest and decision-making powers in
relation to urine source separation is available in another paper.(26)

We conducted interviews with representatives of most of the listed
stakeholders. Only the Municipal Government (#1), the Municipal Public
Utilities Bureau (#5) and the Municipal Law Bureau (#16) could not be
reached for an interview. Double interviews were conducted with two
stakeholders: Real Estate (#7) and Qinghua University (#13), resulting in
a total of 34 interviews.
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FIGURE 4
The end-of-pipe concept for wastewater management (the

different wastewater sources (black water, grey water, industrial
wastewater, rainwater and river water) are mixed in a sewer

system and centrally treated by a wastewater treatment plant)

SOURCE: Esrey, Steven A, Jean Gough, Dave Rapaport, Ron Sawyer, Mayling
Simpson-Hébert, Jorge Vargas and Uno Winblad (1998), Ecological Sanitation,
Swedish International Development Cooperation Agency (Sida), Stockholm,
page 2.
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b. Part 1: evaluation of the concept of measures at the
source for the city of Kunming

General evaluation of the implementation of the concept in the city.
The quantitative estimates of present and potential future implementa-
tion of measures at the source in Kunming are summarized in Figure 5.
The current implementation of measures at the source in the city is
considered very low, with 85 per cent of stakeholder representatives
considering that they are “not at all”, “very little” or “little” implemented

E N V I R O N M E N T  &  U R B A N I Z AT I O N Vol 18 No 2 October 2006
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TABLE 1
List of identified stakeholders who could play a role in the

implementation of urine source separation in the city of Kunming

# Stakeholder

1 Municipal Government
2 Municipal Communist Party
3 Municipal Congress
4 Dianchi Lake Protection Bureau
5 Municipal Public Utilities Bureau
6 Municipal Foreign Affairs Bureau
7 Real Estate (two interviews)
8 Kunming Sewer Corporation
9 Yunnan Environmental Protection Bureau
10 Provincial Institute of Environmental Science
11 Municipal Environmental Protection Bureau
12 Kunming Institute of Environmental Science
13 Qinghua University, Beijing (two interviews)
14 Research Centre for Eco-Environmental Science
15 Chinese Academy of Agricultural Engineering
16 Municipal Law Bureau
17 Kunming Water Supply Company
18 Yunnan Academy of Social Science
19 Provincial Fertilizer Station
20 Environmental Monitoring Station of the Yunnan EPB
21 Municipal Public Health Bureau
22 Municipal Civil Construction Bureau
23 Municipal Agriculture Bureau
24 Municipal Urban Planning Administration Bureau
25 Municipal Financial Bureau
26 Dayu Township Government
27 Chenggong Environmental Protection Bureau
28 Taishi Township Government
29 County Fertilizer Station
30 Zhonghe Village (rich village)
31 Taishi Village (poor village)
32 Phosphorus Mining Company
33 Kunming University of Science and Technology
34 Tianjin Environmental Protection Bureau
35 IRL-ETHZ Sib Denx Village Rehabilitation Project
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now. Simultaneously, 85 per cent of stakeholders anticipated that in
20 years time, these measures would be “much” or “very much”
implemented.

The open interviews established that about two-thirds of the stake-
holders supported measures at the source in a general way, and that only
one stakeholder – the Municipal Urban Planning Administration Bureau
– did not actively support the concept. Eight experts see the most import-
ant potential for measures at the source as being in new urban areas with
no existing water infrastructure. A number of barriers emerged at the
political, financial and technological levels and with respect to public
awareness. Interestingly, the most frequently mentioned barriers were
political (mentioned nine times), whereas technical barriers were the least
frequently mentioned (only six times).

Detailed evaluation of five wastewater sources (priority and
feasibility). The five wastewater sources that were evaluated were black
water (toilet wastewater), industrial wastewater, grey water (domestic
wastewater without black water), rainwater and river water. The quanti-
tative information is summarized in Figure 6.

Black water and industrial wastewater are both perceived as the waste-
water sources where measures at the source are most urgently needed,
with over 90 per cent of the stakeholders ranking this priority as “high”
or “very high”. Specific measures for rainwater were given a “high” or
“very high” priority by half of the stakeholders, whereas fewer than 30
per cent found that measures at the source for grey water and river water
have the same level of priority.

Despite the high priority given to the implementation of measures
at the source for toilet wastewater, the feasibility of such measures is at
the moment considered very low, with only 30 per cent of the stake-
holders considering present feasibility “high” or “very high”. Perspectives
on the situation after 20 years are, however, more promising, with feasi-
bility improving to 85 per cent for excreta and to 74–97 per cent for the
other wastewater sources.

The qualitative statements for the implementation of measures at the
source on the different contributors to municipal wastewater are summar-
ized below.

There is broad awareness of the fact that, increasingly, industry is
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FIGURE 5
Evaluation of the general concept of measures at the source
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treating its own wastewater, with 20 experts mentioning this fact. Also,
grey water recycling is relatively well known, with ten experts referring
to it. For black water, seven experts were in favour of decentralized waste-
water treatment, but technical difficulties and a lack of public acceptance
were mentioned. Strikingly, Chinese stakeholders met measures at the
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FIGURE 6
Evaluation by the stakeholders of priority and feasibility to implement measures at the

source on the different contributors to wastewater
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source to keep unpolluted rainwater and river water separate from waste-
water with some scepticism. Although between one-third and one-half of
the experts were aware that these measures are actually taken in
Kunming, the importance of measures at the source for rainwater in
particular is not recognized: 20 of the experts doubted the usefulness of
such measures, which are highly favoured in Europe. Similar doubts were
expressed with respect to grey water, where 13 experts found measures at
the source to be not useful.

Comments on the concept of separate collection and re-use of
human excreta. Following a presentation on the key contribution of
flush toilets to the poor state of Lake Dianchi, a specific discussion on
excreta was conducted. Nearly half of the experts saw great potential for
recycling urban nutrients but household preference for the hygienic
advantages of flush toilets was raised again (explicitly mentioned by nine
experts).

c. Part 2: evaluation of the urine-separating alternatives

The urine-separating dry and flush toilets were presented to the stake-
holders, who commented on them in general terms before specifically
discussing their different aspects.

General evaluation of the sanitation alternatives. The European
NoMix toilets, at a cost of about US$ 1,000 each were, of course,
considered exorbitantly expensive by most of the experts (22 out of 34).
A price of US$ 25–60 for a dry urine-separating toilet was much more
acceptable to the experts. Ten experts mentioned lack of acceptance as a
problem for NoMix toilets, and 14 experts mentioned it as a problem for
the urine-diverting dry toilet. Whereas seven experts considered the
NoMix toilet technology to be a problem, there were more detailed
comments on the technical problems of the urine-separating dry toilet, a
technology much more familiar to the stakeholders interviewed. Eleven
experts commented on the unsuitability of this toilet in an urban context.
The problems of providing ash, the lack of space and acceptable manage-
ment were mentioned in particular. However, four interviewees from the
research field who support the concept of waterless urban sanitation
proposed adaptations for more acceptable dry toilets in urban areas: large
collective containers could allow smaller chambers in the individual
households, and a public collection service for the excreta would
minimize the labour required by the family.

Specific evaluation of five aspects of the sanitation alternatives.
Figure 7 shows the quantitative evaluation of the two urine source separ-
ating alternatives with respect to technical, institutional, financial,
environmental and social aspects. With the more focused questions, the
different perceptions of the two toilets are covered in more detail.

The technical aspects of both urine source separating alternatives
were evaluated very positively, with the NoMix being considered more
feasible (82 per cent evaluating this alternative as positive or very
positive) than the dry toilet system (70 per cent). Institutional aspects and
social acceptance in cities were perceived as clearly better for NoMix
toilets (79 per cent and 53 per cent of positive votes, respectively) than
for dry toilets (38 per cent and 24 per cent, respectively), and both alterna-
tives scored very well on the environmental aspects (82 per cent for
NoMix toilets and 97 per cent for dry toilets). Only the financial aspects
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were considered to be strongly negative for NoMix toilets, with 12 per
cent of positive votes versus 79 per cent for the dry toilet alternative.

The most noteworthy results from the qualitative statements were
the remarks on technical feasibility (seen as unproblematic for both
alternatives by about 18 experts), and the obvious fact that the NoMix
toilets are far too expensive for the Chinese population (22 experts). A
large minority felt that the management of NoMix toilets would be easy
(11 experts), that dry toilets were inconvenient in an urban setting (six
experts) and that the environmental impact of dry toilets is better than
for NoMix toilets (eight experts). Four experts pointed out that with a
purely Chinese production of NoMix toilets, the price would be much
lower.

Perspectives for the implementation of the sanitation alternatives
in the city. The estimated chances for present and future implementa-
tion of the sanitation alternatives are shown in Figure 8. According to
this, the implementation of neither sanitation alternative is considered
feasible today, with 90 per cent estimating that they can only be imple-
mented “very little” or “not at all”. Sixty per cent think that NoMix
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FIGURE 7
Quantitative evaluation of the two different urine-separating toilets on five different

aspects. The ranking spans from very negative (– –) to very positive (++)

FIGURE 8
Evaluation of the present and future implementation of the two different

urine-separating toilets
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toilets, and only 35 per cent that dry toilets, could be “much” or “very
much” implemented after 20 years. After 100 years, the figures rise to 80
per cent and 44 per cent, respectively.

Slightly fewer than half the experts (15) thought that public aware-
ness would improve in the future. A rather large minority (13) expected
the technologies to become cheaper in the future, primarily due to
technological improvements. Twelve experts mentioned the unsuitabil-
ity of dry toilets in an urban setting; however, seven experts thought that
lack of water or improved awareness could make the dry toilets an option
in an urban setting.

Preferences regarding the two sanitation alternatives. Twenty-five
stakeholders out of 34 (74 per cent) preferred the NoMix toilet to the dry
toilet system. One representative from the real estate company did not
like either alternative, and the rest (24 per cent) favoured the urine-
separating dry toilets. The main arguments are in line with the arguments
given above. However, valuable suggestions for technical improvements
to the urine-diverting dry toilets were given (e.g. a combination of small
household storage chambers and larger ones on the level of apartment
buildings, or the creation of public services for management), suggesting
that locally driven innovation is possible.

IV. DISCUSSION

The stakeholders agree to a large extent that measures at the source are
only little implemented in Kunming. Nevertheless, they are well known
and broadly favoured among the stakeholders, albeit with a focus that in
some areas differs considerably from the mainstream European attitude.
Whereas the emphasis on measures at the source for industrial wastewater
largely follows the European approach, the broad acceptance of measures
at the source for toilet wastewater is striking. Equally striking is the fact
that the importance of keeping non-polluted storm and river water out
of the sewers is generally questioned in both quantitative and qualitative
responses. It must, however, be mentioned that the stakeholder represent-
ing the Sewer Corporation, and therefore directly involved in wastewater
handling in Kunming, shares the European view on non-polluted storm
and river water (high priority and good feasibility for measures at the
source) and on black water (low priority and very low feasibility for
measures at the source; data not shown). We therefore conclude that the
lack of interest in measures at the source for storm and river water is
mainly a question of unfamiliarity, on the part of a large number of stake-
holders, with the negative consequences of dilution on the effectiveness
of wastewater treatment plants. In accordance with the perception in
Europe, the topic of grey water was not considered of great importance.

At the moment, we can only speculate as to why measures at the
source for toilet wastewater are so positively perceived. There are three
possible explanations. First, the negative experience of the effectiveness
of wastewater treatment plants, despite remarkable efforts and large
investments in the 1990s,(27) may convey the picture that stronger
support of decentralized solutions for the concentrated waste streams
would be appropriate. This support was already confirmed with the Tenth
Five-Year Plan recently adopted by the government of Kunming, where
measures at water pollution sources complemented the wastewater

27. World Bank (2001), China –
Air, Land and Water:
Environmental Priorities for a
New Millennium, The
International Bank for
Reconstruction and
Development/The World Bank,
Washington DC, page 60.

365
 by john shaw on August 19, 2015eau.sagepub.comDownloaded from 

http://eau.sagepub.com/


treatment enhancement and ecosystem rehabilitation plans.(28) Second,
the increasing water requirements in Kunming, with its planned massive
urban expansion,(29) highlight the dramatic situation of the lake and may
therefore call for direct measures on all wastewater contributors. Even
grey water recycling could be necessary in order to provide enough water
and reduce the amount of wastewater discharged into the lake. Finally,
the successful introduction of urine-diverting dry toilets in rural areas of
the neighbouring province of Guangxi(30) provides positive associations
with such decentralized sanitation units.

The optimism of the stakeholders with respect to technological
possibilities is noteworthy. Within a relatively short time span (20 years),
most of the stakeholders expect measures at the source to be widely imple-
mented. This optimism is consistent in both parts of the interview,
although it becomes less pronounced the more concretely the techno-
logical alternatives on urine source separation are presented (in Part II).
The scepticism is especially pronounced for the dry toilet, which more
than half of the stakeholders see as potentially only little implemented
even after 100 years (as compared to only 20 per cent for the NoMix
toilet). This indicates that the majority of the stakeholders are against the
concept of a non-flushing toilet, whereas the NoMix concept finds much
greater support. There may also be a reliance on other decentralized
alternatives such as septic tanks, which are relatively common in
Kunming, an option, however, that we did not pursue in the interviews.
Still, we can conclude that measures at the source, combined with a
western-style flush toilet, are highly favoured by the stakeholders
interviewed.

Only slightly greater importance was given to political barriers than
to technical barriers (nine experts mentioned political barriers versus six
experts mentioning technical barriers), but even this small difference may
be significant. In previous work, we found that a few key political stake-
holders are presumed to be the most important barrier to introducing
decentralized sanitation technologies in urban areas of Kunming.
However, there is a general feeling that these key stakeholders could be
influenced by successful pilot projects.(31)

The difference between rural and urban settings is well captured by
the interviews in Part II. It is generally anticipated that an urban popu-
lation will not accept the dry toilets, and even the acceptance of a
western-style NoMix toilet is considered problematic, although the high
price may have influenced unduly the answers on acceptance (i.e. it was
anticipated by the interviewees that people would not accept the high
price). About two-thirds of the population in the catchment area of
Kunming are urban,(32) and it will thus be essential to reach the urban
population with acceptable technology. Although acceptance is
considered higher for the NoMix toilet, a number of stakeholders also
recognize that the environmental effects of the urine-diverting dry toilet
are better because it deals with the entire amount of black water, and not
only with urine. In our opinion, we capture the wish for western-style
flush toilets rather well with the option of the NoMix toilet, although it
is obvious that more comprehensive solutions are necessary in Kunming.

If dry toilets are to be installed successfully in an urban context, the
problems of management, the provision of ash and the requisite space
call for innovative technical and organizational solutions. While the
provision of ash or another drying material could be dealt with through
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a good management system (which would also obviously involve a
central collection system), the space issue may be more difficult to solve.
It is a question of whether low-tech solutions, with their dependence on
space and time-consuming processes, will ever be adequate under the
space-limited conditions in large, modern cities like Kunming. However,
the success experienced in rural and peri-urban areas in China obviously
makes it worthwhile to invest in the further development of these systems
in order to adapt them to an urban environment. The suggestions for
improvement cited above show that local initiative is not lacking.

V. CONCLUSION

In rapidly growing cities like Kunming, decentralized technologies have
a great potential for alleviating the problems of controlling water pollu-
tion. Through expert interviews, we found that most expert stakeholders
in Kunming approved of measures at the source, especially for industrial
wastewater and toilet waste. There was, however, little awareness of the
negative impact of dilution by river water and/or rainwater on the effec-
tiveness of central wastewater treatment, especially among stakeholders
not directly concerned and experienced with wastewater treatment tech-
nology. Nor was the topic of grey water considered of great importance.
However, the extreme situation in the catchment area of Lake Dianchi,
the most important receiving water in the greater metropolitan area of
Kunming, requires comprehensive solutions, probably including severe
measures at the source and possibly even grey water recycling.

With respect to feasibility, the stakeholders interviewed considered
today’s technical solutions at the source inadequate, but there is strong
and almost unanimous optimism that the technology will be significantly
improved within the relatively short time span of 20 years – perhaps
indicative of the fast-changing situation in China. Optimism is most
notable for decentralized solutions combined with western-style flush
toilets. The rapid expansion of the city is a severe handicap to the
development of centralized sewer-based wastewater management, but it
may constitute an excellent laboratory for the development of decentral-
ized innovative solutions. Local initiative with respect to technical
innovation is available, and most of stakeholders are open-minded.
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