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Preface 

The author had the pleasures to be invited by the Stockholm Environment Institute as a 
Senior Advisor for the China-Sweden Erdos Eco-town Project (EETP) from February 2003 to 
September 2007. From September 2005, he was also acting as one of the technical 
coordinators of the EETP. To early September 2007 he has quitted the Project. 

This document is to sum up the activities of EETP on the technical aspect during the period 
that the author has taken part personally. EETP is a trail for the ecological sanitation system 
under the urban condition and also a housing project for accommodation of about 3000 
populations in the first stage. On the ecological sanitation (ecosan) aspect, it is composed of 
four sub systems, namely, the feces, urine, grey water (GRW) and solid waste. The solid 
waste system has not been built before the author left the project. Besides, the author has 
not been involved much in the town planning and housing design that was on the 
responsibility of another Senior Advisor. So this document mainly refers to the R&D and 
operation of the feces, urine and GRW systems as well as the study on the economy 
evaluation that is one of the main concerns of the Project. 

In the document, the author has listed as many as possible the original data and results 
obtained from this innovative project and in the end of it, also provided his personal 
evaluation of the project. Hope this document can be useful in the case study of the project 
that has never been available in this kind before either in China and in the world. 

The Project activities described in this document were accomplished by the joint efforts of 
the Sweden Project Team, the Dongsheng Project Office, the local government and many 
international and domestic consultants as well as the building company. It is the author’s 
honor and pleasure of having shared these outstanding jobs and to present them in this 
document. 
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Chapter I   Introduction 

1. Site selection and basic information 

1.1 Site selection 

In February 2003, SEI project team determined that the Eco-town Project will be put at the 
Erdos Municipality of the Inner Mongolia Autonomous Region. The Erdos Authority 
introduced to the team three candidate sites in the City, namely, the Dongsheng District, 
Dalate Banner and Yijinhele Banner. All of them are the administration units at the county 
level under the jurisdiction of Erdos Municipality. Dongsheng District is the geographical and 
also political center of the Erdos Municipality. Dalate Banner is located in the north eastern 
part of Erdos City and by the Yellow River with a distance of about 80km from the city. It is 
one of the main agriculture production bases of Erdos. Yijinhele Banner is located in the 
southern part of the City about 30km away. It is one of the coal mine production bases of the 
Shenhu Coal Mine Field the largest coal mine field in China. An on-site investigation was 
carried out by SEI team associated with the Erdos Environment Protection Bureau in 
February 2003. The summary report of the investigation can be found in the Annex 1-1. After 
comparison, the SEI team considered the Dongsheng and the Yijinhele as the possible sites. 
The advantages of Dongsheng as the project site are:  

− It is the political center and down town of the Erdos City;  

− Buildings of single to multi-storey in the district are available for testing of the eco-toilet; 

− Higher technical level 

The disadvantage of Dongsheng is that there existed sewage system that could be an 
obstacle for promoting the eco-toilet. 

The main advantage of selecting Yijinhele as the project site was that the Azhen Township, 
an old center of the Banner, had no sewage system. All of the population has no private toilet. 
There were 271 pubic toilets shared by the 40,000 populations in the township. In average, 
every 150 persons shared only one toilet. It was urgently needed to improve the toilet 
condition. However, the disadvantage of selecting Azhen Township as the site was all the 
existing buildings were single storey except two 3-4 storey buildings.  

Finally, the Erdos Municilaity Municipality Government has decided the project would 
implemented in Dongsheng City. As mentioned above, to select Dongsheng as project site 
could have possibility to test the adaptability of the eco-toilet to the multi-storey building, 
which is one of the main features of urban area in China. However, on the other hand, the 
acceptance of eco-toilet by the household later became a main challenge to the project. 

1.2 Basic information of Dongsheng District 

Dongsheng District (hereinafter referred as DS) is the political center of the Erdos 
Municipality, located in the southwestern part of Inner Mongolia Autonomous Region with 
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altitude of 1400-1600 m above sea level, from 39o to 39 o58' north and 109 o 08' to 110 o 23' 
east. The population of DS is 260,000, among which 220,000 are urban residents, 40,000 
rural. Along with the rapid economic growth, adding the transient population to find 
temporary job in the District from the surrounding towns and villages, the total number of 
population amounts to about 400,000. The planned areas for the city are 47 km2, which is 
divided by the railway into east area with 22 km2 and west area with 15 km2. The latter has 
been rapidly developed and will become the center of the District. The joint building of the 
District Government and District Party Committee has moved to the west region in 2006.  

The GDP of DS reached 4.9 billion Yuan in 2002 and the financial income amounted to 0.698 
billion Yuan. The average income per capita of the urban residents is 6,900 while it is 2,500 
Yuan for the rural inhabitants. The four main industries are coal and natural gas mining, 
cashmere textile, alcohol brewery and medical industry. To the year of 2006, it has been 
ranked in the first 25 power counties in China. 

The water supply at present is from two underground dams in the valleys and from wells with 
capacity of 28,000t/day, which cannot meet the demand. A new project with designing 
capacity of 100,000t/day to divert water from Yellow River 100 km away from the town is 
under construction. According to the regulation issued by the Development and Reform 
Commission of the Inner Mongolia Autonomous Region in 2006, water cost for inhabitant 
use was 3.5 RMB/m3 from Sept. 1 2006, 3.6 RMB/m3 from Sept. 1 2007 and 3.7 RMB/m3 
from Sept. 1 2008, all including 0.4 RMB for sewage. There are two sewage treatment plants 
with capacity of 40,000t/day and 2,000t/day, respectively. It is planned to build 3 wastewater 
treatment plants with capacity of 2×2,000t/day and 3,000t/day in the future. The cost for 
waste water treatment is 0.983/m3 (maintenance of the piping system excluded). The total 
length of the sewage pipes is 229km. 

In 2003, about 20,000 households had flushing toilets and the other population used 280 
public toilets, among which 17 are flushing and 156 are deep pit latrines. In the rural areas 
most households have their own latrines but in very bad condition. Cost for building a 
flushing toilet takes 100,000 RMB plus another 100,000 RMB for removing away the existing 
building. Operation fees to cover the salary and electricity for a flushing toilet costs 20,000 
RMB/yr. Cost for building dry toilet with deep pit is 25,000 to 30,000 RMB. 

Haozhaokui village (HZK) is the site for the project. It locates in the northwest of the City by 
the side of the Baotou – Shenhu Railway and the expressway from Baotou to Xi’an. Several 
hundreds of rural households stay in HZK before the project. Originally it was planned to 
resettle 1000 households before the end of 2005 and 300-400 households will move in within 
2003 and the construction work was planned to start from June 2003. The Authority also said 
that each resettled farmer could get compensation of 300,000 to 500,000 RMB for their land 
and households. Actually it happened later that the area has changed to a new town 
developed by estate developer. The southern part of HZK (HZK-S) was decided to be first 
stage of the project. 

Another candidate for the project was Hantai Town, located at 9 km west from DS down town, 
which is one of the four newly planned satellite towns of Dongsheng District. There were in 
total 10,100 populations, among which 3,000 populations of 870 households stayed in the 
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town. A new town is under construction. Under an Ecological Migration Programme 
supported by the State Government, it is estimated that 150 households from the areas with 
adverse condition will migrate to the new town in the recent two years. The resettled 
population will amount to 5,000 populations within 5-8 years. Water supply plant with source 
of groundwater is under construction but the sewage system has not yet been planned. 

2. Soil survey for HZK-S 

To understand the geologic and soil condition of the HZK-S area, the SEI Office has engaged 
the Erdos Geology Survey to prepare a soil map with soil properties testing. The work was 
done in April of 2004. The map is based on a topographical map made in 2003 with scale of 
1:500. Soil map with area of about 20 ha and 4 soil sections and 11 sample tests for the soil 
properties were made. 

2.1 General description of the geological conditions of Erdos area 

Erdos locates at the North Temperate Zone with semi-arid continental climatic feature. The 
annual precipitation of DS is 385 mm, which concentrates in July to September and the 
annual evaporation amounts to 2040 mm. The area is a watershed divide formed by the 
rising of Erdos plateau. The geomorphologic feature is exposed bedrock, developed gullies 
and poor vegetation. The strata are well cemented sand stone and sand-gravel stone of the 
Zhidan Group, Late Epoch in the Cretaceous Period. In part areas there remain some poorly 
cemented or partially cemented silty mudstone, sand-gravel stone and medium/fine sand 
stone of the Pliocene Epoch, Tertiary Period. The groundwater in the region is poorly 
recharged by the precipitation owing to the small infiltration rate. The phreatic water locates 
deeper than 10 m. The pressurized groundwater locates deeper than 300 m with little 
hydraulic linkage with the shallow water. 

2.2. Soil and geology condition of HZK-S 

The HZK-S is divided into four zones, namely, hilly area with tectonically denuded bedrock, 
wind deposit sand land, lacustrine depression area, and diluvial area with gullies 

The hilly area partly with developed gullies and with tectonically denuded bedrock is 
distributed in the northern and southeast part of the area. The morphology is characterized 
by hill and slope and undulated topography. The rock was formed in the Pliocene Epoch of 
Tertiary Period (N2). From upper to lower, the rock is composed of inter-bedded strata of the 
completely or strongly weathered silty mudstone and sand-gravel stone and inter-bedded 
strata of strongly weathered sand-gravel stone and medium sand stone. Thickness of the 
silty mudstone is 0.5-3.2 m and sand-gravel stone is 1.2-3.8 m thick. Hydraulic conductivity 
is round 9×10-6 cm/s (0.0078 m/d) for silty mudstone, 5.3×10-3 cm/s (4.6 m/d) for sand-gravel 
stone and 3.4×10-3 cm/s (2.9 m/d) for medium sand stone. Most of the rock surface are 
covered with wind blown fine sand or silt and sandy loam in the cultivated land with thickness 
of 0.2-0.45m. Groundwater is very poor with a depth of 10.8-19.6 m. After heavy rain, there 
exists some retained water on the top of the silty mudstone with depth of 2.1-2.8 m. 

The wind deposit sand land distributes in the middle part and the south boarder of the 
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working area. The soil is composed of wind blown silty sand or sandy loam of Recent Epoch 
in the Quaternary Period (Q4

eol) with thickness of 0.45-1m. The hydraulic conductivity ranges 
between 2.54×10-3–2×10-4cm/s (2.2-0.17m/d). 

The lacustrine depression area is distributed on odd pieces of land in the middle part of the 
wind blown area. It was formed by the human digging in the past 20 years. The retained 
surface water recharged by rainfall can be seen in the wet season and exhausted through 
evaporation and infiltration. Thickness of the lacutrine deposit is 0.6-0.8 m. It is composed of 
silt and fine sand sandwiched by silt. Underneath it is the silty mudstone, sand-gravel stone 
and medium sand stone of Pliocene Epoch in Tertiary Period (N2). 

The diluvial gully is distributed in the middle-north part of the working area. The gully has 
length of 360 m, upper width of 10-27 m and bottom width of 5-7 m with transition section 
from U to V types. The silty mudstone, medium sand stone and sand-gravel stone of 
Pliocene Epoch in Tertiary Period (N2) are exposed on the slope. At the foot of the slope, 
there is the weathered crushed rock debris. The bottom of the gully is covered with wind 
deposit silt and fine sand of Recent Epoch in the Quaternary Period (Q4

pl). The layer with 
thickness of 0.5-0.8 m contains fine gravel and thin silt sandwich on the surface.  

In the survey, 4 soil profiles in the natural gully and on the slope are made. Eleven soil 
samples were taken, among them eight were from the soil profiles mentioned above and 
other three were taken on the ground surface. Soil properties are shown in Table 1 of Annex 
1-2. 

2.3 Conclusion 

The basic soil distribution pattern in the working area from top down is silt and fine 
sand/sandy loam of (Quaternary Period) –-- sand and gravel stone – medium sand stone 
(Tertiary Period) – fine sand stone and sand and gravel stone (Cretaceous Period). The 
regional infiltration capacity is controlled by the underlying highly weathered silty mud stone, 
which hydraulic conductivity is only 0.009 m/day. 

The groundwater in the area is very poor. The aquifer exists only in the medium sand stone 
and sand and gravel stone of the Pliocene Epoch in Tertiary Period (N2) with hydraulic 
conductivity of 2.6-4.3 m/day. The groundwater table locates at depth of 10.8-19.6 m. In the 
wet season, the rainfall can form some discontinuous retained groundwater above the 
impervious silty mudstone. However, owing to very small capacity and unstable feature, it is 
meaningless for exploitation. 

3. Geological survey and topography map for the eco-station area 

3.1 Introduction 

To better understanding the geological condition in the eco-station of EETP for the planning 
and design of the eco-station, SEI office has engaged the Erdos Geology Survey to make 
further geological exploration and prepare map of the eco-station of EETP. The working area 
includes the planned eco-station and two strips each 100m wide in the north and south from 
the boundary of the eco-station. Three drillings were made with a total depth of 29.4m. 
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Seven site infiltration tests using the double ring method were made nearby the drilling. 
Eleven samples were taken for the texture analysis and hydraulic conductivity in the lab. 
Topographic map of scale 1:1000 was provided in hard copy and electronic version. 

3.2 General geological condition of the eco-station 

There are 3 strata in the working area. From top to lower, there are the cultivated soil 
composed of silty loam or sandy loam with thickness of 0.3 – 1.1m, the impervious silty 
mudstone with thickness of 0 - 0.5m from the south to the north and the underlying find sand 
stone with thickness of about 9m. The fine sand stone is divided into completely weathered 
layer and strongly weathered layer. The former is 0.8 -1.0 m thick and the latter is thicker 
than 8 m. In the southern part of the working area, the impervious mudstone does not exist. 
The sandy stone lies directly under sandy loam/silt. The thick layer of underlying strongly 
weathered fine sand stone is uniformly distributed with very low permeability, causing low 
infiltration rate in the whole area. 

In the drilled hole, groundwater was found. Actually, it is retained water located above the low 
permeable fine sand stone layer and recharged by the surface and subsurface water from 
the surrounding higher land. Water availability is low with outflow of 50 m3/day per well. 

3.3 Permeability 

According to the tests, the hydraulic conductivity (HC) of the mudstone is 0.0078 m/day in 
the lab and 0.01 m/day in the field test. The Survey suggests using 0.0088 m/day. HC of the 
completely weathered sand stone layer averages 0.83 m/day in the lab and 0.53 m/day in 
the field test. The Survey suggests using 0.68 m/day. For the strongly weathered layer, HC 
averages 0.039 m/day. The Survey suggests using 0.039 m/day. 

Results of the infiltration test is shown in Table 1-1 

Table 1-1                       Results of infiltration test 

No. of sample Soil name 
Initial infiltration 
rate mm/min 

Stable infiltration 
rate mm/min 

Total time of 
observation 

S01-1 1 126.5 32.8 540 
S01-2 2 60.2 4.62 390 
S02-1 1 128.4 38.7 450 
S02-2 2 64.3 4.2 420 
S0-3-1 3 26.2 1.05 420 
S0-3-2 1 130.3 37.5 540 
S0-3-3 2 66 3.8 420 
Note: soil name: 1 -- completely weathered fine sand stone; 2 -- strongly weathered fine sand 
stone; 3 – silty mud stone 

3.4 The overall geological characteristic and its influence on design of GRW 
treatment 

The general geological feature of the eco-station is characterized by the low permeability of 
the underlying strata. The overall infiltration rate is controlled by the mudstone (HC = 0.008 
m/d) and the strongly weather fine sand stone (HC = 0.04 m/d). The groundwater is poor and 
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only retained water exists above the impervious layer occasionally. 

Using soil as filter media to treat GRW seems infeasible owing to the low permeability of the 
area. On the other hand, since there is still some infiltration capacity of the fine sand stone 
layer, seepage control is still needed when building the storage pond.  

4. Precipitation and evaporation data 

The data of yearly precipitation and evaporation provided by the DS Meteorological Bureau 
are shown in Table 1-2 and 1-3. The annual precipitation in the period of 1957 to 2006 is 
384.9mm and the annual evaporation in the period of 1981 to 2006 is 2043mm. 

Table 1-1   Yearly precipitation and evaporation (mm) 
Year 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 
Prec. 292.1 424.2 496.2 376.2 708.4 200.1 348.2 548.3 204.1 368.2 556.3
Evap.            
Year 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 
Prec. 412.2 328.2 356.2 268.8 312.7 465.0 307.6 499.1 490.6 362.5 587.2
Evap.            
Year 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
Prec. 448.7 248.0 336.1 333.4 314.2 408.6 391.2 280.1 288.2 514.2 449.9
Evap.   2093 1977.6 1926.4 1825.3 1983.1 2027.5 1920.7 1695.2 1878.6
Year 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 
Prec. 472.4 314 522.2 279.4 488.4 355.3 377.9 326.0 547.5 274.6 181.0
Evap. 1796.5 1902.9 1734.1 1954.5 1949.6 2098.8 1812.1 2042.5 1805 2027.4 1850.8
Year 2001 2002 2003 2004 2005 2006 Annual Max Min SDiv Cv 
Prec. 324.1 396.9 513.3 421.6 220 303.6 384.9 708.4 181.0 121.5 0.32 
Evap. 2662.1 1494 1170.2 1520.3 1572.3 1682.9 2043.1 2704.2 1170.2 304.5 0.15 

100.0

200.0

300.0

400.0

500.0

600.0

700.0

800.0

19
57

19
60

19
63

19
66

19
69

19
72

19
75

19
78

19
81

19
84

19
87

19
90

19
93

19
96

19
99

20
02

20
05

P
re

ci
pi

ta
tio

n 
m

m

 
Figure 1-1    History curve of yearly precipitation in Dongsheng 
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Figure 1-2   History curve of yearly evaporation in Dongsheng 

 

Table 1-3    Monthly distribution of precipitation and evaporation in Dongsheng 
 1 2 3 4 5 6 7 8 9 10 11 12 Sum

Prec. 0.46 0.92 2.97 3.99 8.95 13.9 26.1 25.4 10.7 4.53 1.40 0.59 100
Evap. 1.68 2.86 6.72 12.7 15.8 15.4 13.7 10.9 8.44 6.59 3.46 1.78 100

5. System description 

5.1 Infrastructure system 

The EETP is composed of two parts, the housing project and the ecosan system. The 
housing project includes 43 buildings, among which, 42 buildings with 4-5 stories and one 
two storey building. The ecosan system is composed of four sub systems: the feces 
sub-system, urine sub-system, greywater sub-system and solid waste sub-system. All the 
four sub-systems are source-separated each other, and are sanitized and recycled. The 
system is shown in Figure 1-3. 

In the north western part of HZK-S, there is the eco-station, in which the GRW treatment 
plant (including the septic-buffer tank), the post treatment pond, the composting plant, the 
solid waste station and the management building are located. Figure 1-4 shows the plan of 
HZK-S. 

5.2 Material flow in EETP 

Material to be treated in EETP includes four flows: feces, urine, grey water and solid waste. 
Figure 1-5 shows the material flow in the EETP. 

5.3 Management system of the EETP 

The management system mainly includes SEI Project team, DS Government and its 
representative: the DS Project Office, the infrastructure builder – DX. The top organization 
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for management is the steering committee composed of representatives from the above 
three main bodies. The management diagram is shown in Figure 1-6. 

 
Figure 1-3    System diagram of EETP  

EETP

Urine system GRW system Solid waste system Feces system 

Feces containment 

Feces bin 

Feces drop chute 

Toilet 

Ventilation system 

Urine piping

Urine tank GRW 

GRW treatment 
plant 

Household 
separation and 

collection

Community 
collection 

Porcelain 
seater 

Mechanism 

Solid waste 
station 

Post treatment 
pond 

Movable
plate 

Turning bowl 

Bin cover Sealed cabinet

Composting 
plant 

S
ludge

Waste flow Boundary eco-station



 14

 
Figure 1-4    Plan of HZK-S 

 

Figure 1-5    The material flow of the EETP 
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Figure 1-6   Management system of EETP 
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Chapter II   Feces system 

1. System description 

The feces system is composed of the urine diversion (UD) toilet, feces dropping chute, feces 
bin, containment of the feces, and the ventilation system. The UD toilet has two outlets for 
urine and feces. Urine is drained from the front hole in the toilet to the urine tank located 
nearby the buildings through urine pipe system. Feces are dropped from the rear hole of the 
toilet to the feces bin located in the basement of the building through a chute. Most of the 
buildings in EETP have 4 stories, so 4 separated chutes from toilet at each floor in each half 
stairway exist for dropping feces. Containment of the feces has two alternatives: sealed bin 
cover for each bin and sealed cabinet to keep four bins in the basement. When the bin is full, 
it will be replaced with an emptied one by a community team (it is called Eco-station team). 
The full one is transported to the compost plant. To avoid the odor of the feces in the toilet 
room, a ventilation system composed of a fan, branch vent pipe, trunk vent pipe and the 
vertical air duct is installed in each half of the stairway.  

The feces system is illustrated in Figure 2-1. 

 

Figure 2-1    Illustration of the feces and urine system of EETP 
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2. Toilet 

The UD non-flushing toilet of EETP was firstly developed by Swedish Expert Uno Winblad 
and Kalle Rydberg. The two experts provided a set of conceptual design drawings. Then it 
was improved by the SEI EETP team and the manufacturer. The first improved prototype 
toilet was made by the Meilong Porcelain Industry Co, Ltd (ML) in May 2005 and the first 
batch of product was accomplished in June of 2005. In the end of 2006, all the 832 flats have 
been installed with the toilet of first prototype. Upon the request of Dongsheng Project Office 
(DPO) and the Daxing Estate Development Co Ltd (DX) and, the SEI Project Office (SPO) 
engaged Wang Xin, a senior engineer of the North China Industry Co, Ltd to design a new 
turning mechanism in end of 2004. Again in 2007, the DPO asked SPO to develop a new 
toilet model that is equipped with a movable plate replacing the turning feces bowl. The 
porcelain for these two mechanisms is still produced by ML. 

2.1 First toilet model 

The toilet is designed by Uno Winblad and Kella Rydberg with two innovative features. The 
first one is the turning bowl under the feces hole. The feces will first drop on the bowl and 
when finishing use, the bowl can turn 180 degrees pouring out the feces to the bin through 
the chute. Purpose of the turning bowl is to avoid direct sight of feces by the user and also to 
provide safer feeling when using the toilet especially for the user on the fourth floor where 
the chute has a length of 12m to the basement. Another feature of the toilet is the use of 
sawdust as additive to the feces for speeding up the drying process and to improve the C:N 
ratio of the compost. It may also absorb the odor. The sawdust is stored in a tank back of the 
toilet. When the toilet is in use, the user is asked firstly to push a button for opening a gate to 
let the sawdust sliding down to the bowl. When finishing use, the user again pushes the 
button to spread sawdust on the feces. 

In 2004, 5 toilets of the original design were produced by the Foshan Palasso Porcelain Co 
Ltd in Guangdong Province for the porcelain part and Foshan Caili Mechanical Workshop for 
the mechanism. During the assembling and test operation by DX and SPO, it was found that 
the mechanism for turning the bowl could not function properly. The slot for dropping 
sawdust down to the bowl was too narrow, only 12mm. Then three assembled toilets were 
installed in three households. The mechanism of the first toilet has not been installed, the 
second one failed in operation due to the frozen excreta in the cold winter blocked the 
mechanism and the third one was used by the household satisfactory but the sawdust 
dispenser could not work well. He has to spread sawdust by manual. For detail, the process 
of manufacture, assemble and test in the households can be seen in the report by Uno 
Winblad in the Annex 2-1. 

From January to March 2005, the design was modified by the SPO advisors and ML for 
several times. The main improvements were: 

− The dispenser is changed to a gated box that is actually a copy of device used for 
measuring rice; 

− The centerline of the stainless steel cylinder for casing the mechanism has a distance of 
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15mm rearward to the feces hole of the toilet so that the space for dropping the sawdust 
is increased to 40mm; 

− Diameter of the steel cylinder and the chute is increased to 255mm and 280mm, 
respectively, so that the lower cylinder can always encircle the above cylinder to avoid 
the feces from dropping out. 

Turning of the bowl is done by a mechanism composed of a rod, lever, chain and a wheel as 
well as the shaft and the coil spring. A stainless steel cylinder is the casing and support for 
installing the shaft, the wheel and the spring. The cylinder is 255mm in diameter and 190mm 
in height. The wheel is connected with the chain that is a section of chain used in a bicycle. 
The rod is made of φ10mm stainless steel pipe. One end of the rod is placed at the front top 
of the porcelain toilet and another end is screwed on the lever. When the user sits on the lid, 
the rod is pressed down and it drives the lever that pulls the chain to rotate the wheel. Then 
the bowl is turned 180 degrees. To ensure the bowl turning a right angle, the length of the rod 
can be adjusted by screwing the rod in /out the lever. When the user finishes and stands up, 
pressure on the rod is released then a spring installed on the shaft of the bowl drives the 
bowl back to the original position. All the parts of the mechanism are made of stainless steel. 
Surface of the both side of the bowl and inner side of the cylinder is plated with Teflon to 
reduce or avoid adhesion of the feces. A section of the toilet is shown in Figure 2-2. 

 

Figure 2-2    Section of the toilet and mechanism 

The bowl is in the shape of semi-dome with diameter of 245mm and depth of 70mm. A shaft 
is welded on both side of the bowl for turning. Another end of the shaft is installed on the 
cylinder. A coil spring is fixed with one end on the shaft by a screw and another end on the 
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cylinder. Figure 2-3 shows pictures of the turning mechanism and the bowl. 

  
Figure 2-3    Pictures of the turning mechanism and the bowl 

The sawdust dispenser is composed of sawdust tank, steel box with a gate, a rod with a 
button and a sliding trough. Illustration of the assembled mechanism can also be seen in Fig. 
2-2. The size of the steel box is determined by the volume of sawdust in one drop of about 
50-60ml. The width, length and depth of the box is 60mm by 40mm by 30mm, respectively. 
Later it was found that the one-drop volume varied with the moisture of the sawdust. The 
wetter the sawdust is, the less the sawdust drops. To make the amount of dropped volume 
adjustable, the width can be reduced by covering the opening with a 20mm-wide steel plate. 
Volume of the tank is designed to store sawdust for one week use. The gated box and the 
sawdust tank are shown in Fig. 2-4. 

 

 
Figure 2-4    Pictures of sawdust dispenser 
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If the sawdust is too moist then it will be piled up and cannot be dropped down into the gated 
box. To solve this problem, the ML people have fixed some rods on the upper gate, see 
Figure 2-4. When the gate moved by pushing the button, the rods will stir the sawdust and 
loose the pile to let the sawdust falling down to the box.  

The sliding trough has a width of 100mm. Slope of the trough is to be greater than 45 
degrees. The end of the trough should be put inside of the steel cylinder by 10mm. 

According to the practical experiences, the following points should be followed. 

− The porcelain feces hole should be placed inside the steel cylinder, which is to be put 
again inside of the PVC chute so that the feces will not be dropped outside of the toilet. 
The overlap of the upper and lower pipe is 10mm. The juncture of the steel cylinder and 
the chute should be sealed with glue. 

− The separate wall between urine hole and feces hole should be as thin as possible. The 
distance between the two centerlines is about 170mm. 

− The inner side of the feces hole and the toilet wall should be in vertical as possible to 
avoid adhesion of feces. 

− The toilet and the mechanism should be installed strictly following certain procedure 
(see below). Improper installation may cause the toilet bad performance: the bowl 
cannot be turned properly and some parts of the mechanism might be damaged 

− The big size of urine hole is to install an odor prevention device developed by Swedish 
expert, see next Section “Urine system”. 

Installation procedure is as follows 

− The chute is first installed during 
construction of the building. Upper end 
of the chute should be 35 mm above the 
floor. The location of the hole for the 
chute is shown in Figure 2-5. 

 
Figure 2-5 Location of the hole for the chute 

 

Figure 2-6    Position of the cylinder 



 21

− The steel cylinder is assembled in ML. It should be positioned precisely as shown in the 
Figure 2-6. The angle of the steel plate should be 50mm apart from the centerline of the 
toilet. Error in position may block the rod in the toilet hole and cause the bowl unable to 
turn. 

− The cylinder is first fixed on the chute with screws. The upper edge of the cylinder 
should be 190mm above the floor. Lower distance between the floor and the upper edge 
of cylinder may cause the cylinder unable to encircle outside of the porcelain feces hole 
while larger distance may cause blocking of turning of the bowl by the toilet feces hole. 

− The void between the cylinder and the chute should be sealed with silicon sealant. 

− The rod is screwed on the lever before the porcelain toilet is installed. When putting 
toilet in place it should be in caution that the rod goes through the hole in the toilet. 

− A special flexible PVC pipe is fixed onto the outlet of the urine hole. Another end of the 
flexible pipe is inserted into the floor drainage for the urine. When connecting the urine 
drainage, there is an opening on the toilet for installation. After fixing, the hole is covered 
by a porcelain curved plate and sealed. 

− Then the sliding trough for sawdust is installed through the back hole of the toilet. 

2.2 Second toilet model  

The toilet of first model has been installed in the building since end of year 2005. During the 
operation, some of the household complains that the bowl sometimes cannot be turned in 
the right position. It stops midway so the feces will drop on another side of the bowl. Another 
problem is that to push the button of the dispenser needs large force that is not affordable by 
women and child. Besides, for cleaning the bowl the lid should be pressed down so as to 
turn the bowl that can be done only with one hand. The DPO and DX have requested to 
develop another mechanism for turning the bowl. The bowl will be turned over when lifting 
the toilet lid. 

Mr. Wang Xin of the North China Industry Co in Baotou has taken the job. He developed a 
new model (hereinafter referred as WX-1 model) in which there is a rod connecting the lid 
with a lever system. When the lid is opened, a rod pulls up the lever that turn the bowl with 
180 degrees exactly. When the toilet is finished use the lid is put down and the lever system 
turns the bowl back. In this model the bowl can be cleaned just to open the lid. Porcelain 
toilet same with the first model is used for WX-1 model. Figure 2-7 shows the pictures of the 
turning device. 

Another improvement of the WX-1 model is to use rotating vanes to dispense sawdust 
instead of gated box and the push button. Six vanes are installed with uniform interval on a 
shaft that can be rotated by a handle outside of the toilet. A travel stop is provided for the 
rotating mechanism that each turning of the handle rotates an angle of 60 degrees so about 
60-80ml of sawdust is dropped. The sawdust dispenser is shown in Figure 2-8. 

The design drawings of WX-1 model can be found in the file “WX-1 Drawing” in Annex 2-1. 
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Figure 2-7      WX-1 mechanism 

     

Figure 2-8     Dispenser of WX-1 mechanism  

The prototype of WX-1 toilet has been developed and improved for several times. The last 
version was finished in June 2006. One toilet of WX-1 model was then installed in the 
household for trial. The toilet performance is basically satisfied. 

2.3 Third toilet model 

During operation of the first toilet model, some of the households commented that the bowl is 
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difficult to clean. Feces adhered on the bowl caused bad smell. The DPO therefore 
requested SPO to develop a new model that cancels the turning bowl. Instead, a movable 
plate is suggested. When the toilet is not in use, the plate will cover the feces hole with nice 
sealing performance while it is in use, the plate will be moved away automatically. The third 
toilet model was again developed by Wang Xin. The porcelain toilet is the same with ML 
model but with some modifications. Most part of the mechanism for moving the plate is made 
of plastic material. In the mid 2007, two sets of the WX-2 toilet have been manufactured. 
Hereafter, we will name it as WX-2 model. Design of the WX-2 and manufacturing of three 
prototypes were finished in mid 2007. The WX-2 model toilet is installed in one household for 
use and has got good evaluation. 

Movable plate is driven by a lever system, which is connected to the lid. When the user lifts 
up the lid, a rod will pull a lever system and make the plate moving backward and leave the 
hole open for excreting. When finishing, the user put down the lid then the lever system will 
push the plate back to close the feces hole. Because the bowl is cancelled, so the cylinder 
for installing the turning mechanism is no longer needed. The mechanism for moving the 
plate is directly connected with the PVC chute. The structure becomes simpler. However the 
DPO commented that the plastic parts are easy to be eroded, so further improvement is 
necessary. 

Since the feces drop directly to the bin through the chute, it is not necessary for the user to 
dispense sawdust. Instead, sawdust is to be added directly into the bin by the ecosan team. 
One reason for this is that the fine particles of the sawdust added by the user in the toilet 
room can float up and pollute the environment because the down draft flow velocity in the 
chute is very low and is not enough to overcome the upward flow due to the chimney effect 
of the long chute. When there exists a bowl the down draft velocity at the void between the 
bowl and the cylinder is much higher than that without bowl, it is enough to restrain the 
upward floating. 

The WX-2 model is shown in Figure 2-9. Its design drawings can be found in the Annex 2-3. 

  

Figure 2-9     Pictures of the WX-2 model toilet from the bottom (Left: plate closed, right: 
plate opened) 
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3. Chute, bin and bin containment, the basement 

3.1 Chute 

Chute is made of φ280mm PVC pipe with wall thickness of 8mm. Connection of the pipes is 
either by welding or by sealing with rubble ring. The chute is fixed on the concrete floor and 
supported on the wall with frame made of angle steel. 

3.2 Bin and bin containment 

The feces bin is a wheel bin made of ABS plastic materials and is market available. The bin 
has storage volume of 120L. It has the height of about 95cm (including cover) and with top 
section of 51cm × 51cm. The bin is kept in the basement of the building. Each bin is to store 
the feces of one household. For the 4-storey building, there are four bins in one basement 
and there are two basements for each stairway of the apartment. When the bin is full the 
ecosan team will replace it with an emptied one. 

To avoid odor from the feces in the bin, the bin should be covered and well sealed. In the 
beginning, it was supposed to use a cabinet to enclose the bin. However, considering the 
limited space of the basement, the Swedish expert suggested using a movable sealed cover, 
which is fixed on the back wall of the basement. Later, to reduce the weight and the materials 
of the bin cover, the SPO staff put forward an improved structure that is fixed on the chute 
instead on the wall, see Figure 2-10. 

   

Figure 2-10      Two models of the bin cover 

The first model of bin cover has some disadvantages. The weight and the materials used are 
more than that of the second model. Besides, the main problem is how to install the cover at 
a right location due to that the positioning of the chute always had error during the 
construction. The construction team said the error of the position would amount to 3-5cm. In 
this case to put the first model of bin cover at a right place on the wall when installing is 
somewhat difficult. If the error is too large then the cover would not fit the chute and the bin. 
After discussing with the DPO and DX, the second model is adopted. 

Design and manufacturing of the second model were also undertaken by Mr. Wang Xin. The 
bin cover is composed of 3 lever systems, 3 springs, the lid and the sealing. The whole 
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mechanism is installed on a steel collar screwed on the chute. The collar is about 30mm in 
height and with diameter slight bigger than the chute. The lever system and the springs are 
for lifting up the cover when changing the bin and putting down with certain pressure on the 
lid to form a tight sealing between the lid and the top edge of the bin. The lid is made of PVC 
plate with thickness of 10mm. On the plate there are two holes: one for the chute and 
another for the branch vent pipe (see the ventilation section). At first rubble-plastic plate is 
supposed to be used for sealing between the lid and the bin. But later it is found that it is not 
soft enough to have a good sealing performance. At last the plastic foam with thickness of 
5cm is used. The foam is stuck on the plate. Special care should be taken on the sealing 
performance of the joint of the foam. 

After one year operation of the bin cover in 2006, it was found the sealing performance was 
not good enough and the components of the mechanism have started to be corroded. The 
SPO and the ventilation consultant decided to replace the bin cover with sealed cabinet. This 
will be described in the late section. 

3.3 The basement and remove of the bin 

In the building with two stairways there are in total 16 households and four basements while 
in the building with three stairways, number of the basements amounts to 24. In the 
beginning, the arrangement of the basements was design in such a way that the basements 
in the building were connected with corridor. The bins were to be pulled out of the building 
through the corridor and two of three ramps located by the side of the building. Later, it was 
found that this solution has some shortcomings. First, this kind of arrangement makes the 
structure design of the basement much complicated and costs a lot of materials and is 
therefore very expensive. Second, the ramp put by the side of the building does not have a 
nice outlook. Sometimes the width of the buildings is not enough to arrange the long ramp if 
the slope has to be flat enough for the workers to pull up the bins. In some cases, the ramp 
will shield the window of the first floor flat. However before the decision of changing the 
design has been made, this basements and corridors have already been built in the No. 1 to 
No. 4 buildings. However, building of the ramp was stopped. 

     
Figure 2-11    Outlet pit of the basement and the outlook 

The design change after discussion has that the corridor was cancelled and each basement 
will have separated outlet that takes the form of a covered square pit, see Figure 2-11. The 
bin is taken out by a lift installed on a light truck shown in Fig. 2-12. When the two basements 
are adjacent to each other then they may be connected with a short corridor and have a 
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same outlet.  

To take the bin out of the pit uses a simple hoist installed on a light truck, see Figure 2-12. 

 

Figure 2-12    Lift out of the bin by using a simple hoist installed on a light truck 
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4. Ventilation system 

The ventilation system as illustrated in 
Figure 2-13 is mainly for prevention of the 
odor from the feces bin. From Figure 2-13, 
we can wee the route of the air flow is: 
started from the toilet room and down 
drafted from the feces hole and the back 
opening of the porcelain toilet through the 
cylinder, the chute, the bin cover, the bin, 
the branch ventilation pipe, the regulation 
valve, the trunk vent pipe and the fan, to 
the vertical air duct and vent cup up to the 
roof. The ventilation system is composed 
of fan, vent pipe (branch pipe and trunk 
pipe), regulation valve and the air duct.  

4.1 Design parameters of the 
ventilation system 

According to the <Manual for heating and 
ventilation design>, the air in the toilet 
room should be changed 1-3 times per 
hour. To avoid too much heat loss due to 
frequent change of air, the ventilation 
consultant suggested adopting 1.5 times. 

 

Figure 2-13 Ventilation system of EETP 

The toilet room has volume of 3.0m × 2.1m × 3.0m (height × width × length) = 18.9m3, so the 
air flow for one toilet room should be 28.4m3/hr. According to the calculation, when the inner 
diameter of the vertical air duct is 100mm the total resistance to the air flow is about 112Pa. 
In China market, the fan with such small flow and pressure combination is not available. The 
Swedish expert helped find an axial fan with the capacity of 150m3/hr and pressure of 150Pa 
in Sweden. The fan can provide ventilation for four toilet rooms. So there is only one fan 
installed in the basement. 

The fan is manufactured by copying the Sweden made fan in the Shangyu Special Fan Co 
Ltd in Zhejiang Province, China. The PVC pipe with outer diameter of 110mm is used for the 
trunk pipe and the air duct and the flexible pipe with diameter of 75mm is used for the branch 
vent pipe.  

However, in the No. 1 to No. 4 buildings, the PVC pipe with outer diameter of 75mm has 
been wrongly used for the vertical air duct by the Contractor. This causes the flow resistance 
being increased by 4 times. To provide the air flow of 113m3/hr for changing 1.5 times of the 
air in the toilet room per hour, another type of fan, the centrifugal pump produced in Xinfeng 
Ventilation Equipment Co Ltd in Guangdong Province China is used. 
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Picture of the axial fan, the centrifugal fan and the flexible pipe is shown in Figure 2-14. The 
specification of the fans can be found in Annex 2-3, 2-4 and 2-5. 

   
Figure 2-14    The axial fan, centrifugal fan and the flexible branch pipe 

4.2 Arrangement of the vent pipe 

Arrangement of the vent piping has been changed for several times. The first version was 
that each branch pipe is connected with the lid of the bin cover at one end and another end is 
connected to the trunk pipe. The axial fan is located at the end of the trunk pipe. The typical 
arrangement of the first version is shown in Figure 2-15. 

 
Figure 2-15   Two types of vent pipe arrangement 

Measurement of the flow showed that the most of the actual flow were lower than the 
designed one. It was suspected that the problem was due to too high resistance of the 
system. The difference of the second version with the first version is to directly connect one 
end of the branch pipe with the chute and the another end with the trunk pipe. It is expected 
that this change may reduce the resistance of the system thus increase the flow. However, 
some of the measurement taken later supported this idea but some did not. Figure 2-16 
shows the pictures of these two kinds of arrangement. 
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Figure 2-16    Pictures of two types of vent pipe arrangement 

    
Figure 2-17 Sawdust deposits in the pipe (L) and a piece of debris blocks the trunk pipe (R) 

The further study revealed the fatal shortcoming of the second type of arrangement. Since 
the branch pipe is directly connected with the chute, the sawdust and the toilet paper and 
even plastic film are very easy to be sucked into the vent pipe and block the system. Even 
we have found that one fan in the No. 28 building has been blocked with the plastic bag 
thrown into the toilet by a careless household. Figure 2-17 shows the sawdust deposited in 
the branch pipe, blocking almost half of the section (left) and a piece of plastic wrapped foam 
blocked the 75mm diameter air duct in a basement of the No. 3 building. Flow measurement 
showed that the flow rate of the fan was only 62m3/hr. 

The ventilation consultant and the SPO staffs found that the flow rate of the four branch pipe 
was not evenly distributed. In the branch pipe located closest to the fan the flow was much 
bigger than that farthest from the fan. To balance the flow rate among the four branches, the 
regulation valve has been installed on each branch pipe. The flow rate that was bigger than 
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the smallest one had to be reduced by decrease the opening of the regulation valve or to say 
to increase the resistance to the branch pipe having bigger flow. Obviously, this would waste 
energy. The consultant suggested to put the fan at the middle of the trunk pipe. Two branch 
pipes on the both side are connected to it, see Figure 2-18. In Figure 2-18, the branch pipe is 
connected from the sealed cabinet. The cabinet has replaced the bin cover as containment 
of the bin. It will be described in the next section. 

In the ventilation consultant institute, the Environment Science Department (ESD) of the 
Beijing Aviation and Astronaut University (BAAU), an analysis showed that the resistance of 
the four branch pipe can be more even than that of the previous arrangement of the vent 
piping. The total resistance of the ventilation system (from the toilet room to the upper end of 
air duct) for 1st to 4th floor is 97, 98.2, 96.6 and 97.8 Pa, respectively, when the flow rate of 
the system is 120m3/hr. It means the maximum deviation of the flow rate is only 1.6%. 
However the resistance of the branch system (from the toilet room to the converge point of 
the branch pipe to the trunk pipe) varies with floor by 15.3% to 23.5%, higher than the 
allowance of 15% recommended by the <Concise manual for ventilation design>, indicating 
the necessity of the regulation equipment for further balancing the branch flow. 

   
Figure 2-18    Third type of vent pipe arrangement 

4.3 Replace the bin with sealed cabinet 

After one year operation, it was found that the bin cover for containment of the bins has 
some weaknesses. First, the sealing foam is easy to be damaged or broken away from the 
lid, causing leakage. Second, many parts of the mechanism has been being corroded. It was 
worried that the service life of the cover would be shortened due to moving the cover up and 
down at least once every day. The third one is that the leakage of odor caused a bad 
environment in the basement, which is harmful to the workers.  

To improve the sealing performance of the containment, the SPO staffs suggested to use the 
sealed cabinet instead of bin cover and got the favor from the DPO. The first testing cabinet 
was built in the basement of No. 28 building. Most of the eco-station workers showed their 
interests in it. However the cost was much higher than the bin cover. With the assistance of 
the ventilation consultant, the design of the cabinet was improved. The dimension of the 
tested cabinet was reduced and the materials were changed to cheaper ones.  

Inclined triple 
connector 
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If the space of the basement is enough, then use brick as the separated wall and the 
reinforce concrete as the top plate is the cheapest and most durable choice. However, the 
size of the basement is too small to use the above materials. After comparison, the polymer 
coated aluminum plate was used for the wall and the top plate of the cabinet. The framework 
(beam and column) of the cabinet is made of wood or angle steel. All the joints of the plates 
were sealed with glue. There are two rubber sealing installed on the door to provide air 
tightness. To avoid opening the door frequently, a hole on the top plate is provided for 
observation of the bin. To provide a firm foundation for the cabinet, a layer of 6-cm plain 
concrete is to be cast on the floor inside the structure. With the above design, the cabinet 
becomes a firm structure with good performance in air tightness and durability. Cost of the 
cabinet is also reduced.  

Tests conducted by the ventilation consultant (ESD of BAAU) showed that replacement of 
bin cover with cabinet has resulted in improvement of air quality in the basement as shown in 
Table 2-1. The outlook of the basement is much improved than before, see Figure 2-19. 

Table 2-1 Ammonia concentration in the basement before and after installation of basement 

Time of test Bin cover 
Oct. 13, 2006 

Sealed cabinet 
April 8, 2007 

Concentration of Ammonia mg/m3 0.667 0.354 
Note: The test was taken place in the west basement of the #28 Building. The data is quoted 
from the <Final Report of the Ventilation Study of the EETP> by ESD of BAAU. 

       
Figure 2-19    Change the bin cover into sealed cabinet 

In January 2007, replacement of bin cover with the sealed cabinet was started from the 
basements of the #1 and #2 buildings. To the end of June there have already been 51 
basements finishing the cabinet installation. The SPO and the consultants have taken 
measures to ensure the quality. Table 2-2 shows the quality check list for installation of the 
cabinet and vent pipe formulated by the SPO and the ventilation consultants. 

In all the basements, the four bins (or five bins in Building #13 and #14) are arranged in 
straight line except in the #3 and #4 building. It is little difficult to build the cabinet for the four 
bins not arranged on a straight line. After efforts made by the contractors and the SPO staffs, 
the sealed cabinet was also successfully installed in this kind of basement as shown in 
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Figure 2-19. 

Table 2-2      Quality check list for installation of the cabinet and piping 
Item Specification 
Cabinet 1. Plain concrete is cast on the floor inside of the cabinet with thickness of 6cm. 
 2. The gate can be opened and closed easily with two rubber seals.  
 3. The chute is firmly connected with the top plate of the cabinet and well sealed.
 4. To ensure feces dropped into the bin, the inside width and length of each 

cabin is not smaller than 55cm and 65cm, and outer wall of the chute is greater 
than 8cm and 10cm from the side plate and front plate, respectively. 

 5. The end of the chute has 5-8cm from top of the bin. 
 6. Height of the cabinet is 108cm. 
 7. There is observation hole on the top plate of the cabinet and sealed cover for 

the hole. 
Vent pipe 1. The fan should be fixed firmly on the wall. It should be put at the location 

where dismounting is easy to do. 
 2. The fan should have same axial with the pipe with maximum deviation of 

2mm. 
 3. The flexible pipe of less than 5cm is used to connect the fan and hard pipe.  
 4. The PVC dense pipe with diameter of 110mm is used for branch and trunk 

pipe.  
 5. The arrangement of branch pipe is shown in Figure 2-19. 
 6. A reducer should be used when connecting the ø110mm pipe with the ø75mm 

pipe. 
 7. The pipe before and behind the fan should be in straight line with length no 

less than 500mm. 
 8. A four way connector is used for convergence of the pipes from both sides 

with the fan. 
 9. When the bin cover is used, the flexible pipe is used as the branch pipe. The 

length is as short as possible. 

4.4 Improvement of the flow discharge 

The specification of the axial fan made by Shangyu Special Fan Co Ltd and the centrifugal 
fan made by Xinfeng Ventilation Equipment Co Ltd has been provided by the manufacturers, 
which can be found in the Annex 2-4 and Annex 2-5.  

In Annex 2-4, the Lab of ESD of BAAU has made a check test for the centrifugal fan. The 
results of the ESD indicated that the characteristic of the centrifugal fan is close to the 
specification as shown in Table 2-3. But the characteristic of the Shangyu made axial fan is 
lower than the specification. According to the specification, when the flow discharge is 
150m3/hr, the pressure should be 150Pa. However, test conducted by the Lab of the 
Shanghai Communication University showed the pressure is only 86.7Pa. Or, if the pressure 
is 150Pa, the flow rate is only 66.6 m3/hr. 
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Table 2-3     Comparison of the characteristic of centrifugal fan with its specification 
Pressure 

No Flow discharge m3/hr
Xinfeng Co Lab ESD BAAU 

1 350 340 345 
2 410 300 249 

The flow discharge of the ventilation system has been measured for many times. Most of the 
results showed that the actual flow discharge was lower than the design. An overall 
measurement of the axial fan in buildings #5 ∼ #43 indicated that among 171 measurements, 
there were 70 results showed the flow rate less than 80m3/hr. Measurement in the #1 ∼ #4 
buildings showed that 5 results out of 20 were less than 80m3/hr. The results of the 
measurement can be found in Annex 2-6, 2-7 and 2-8.  

The results can be due to two reasons: the 
bad quality of the fan and/or defects in the 
ventilation system. To make clear of this, a 
test was carried out on July 6, 2007 by SPO 
staffs and the ventilation consultant. A fan 
and piping system composed of fan (axial 
and centrifugal), pipes, bends and 
T-connectors simulating the real ventilation 
system in the building of EETP was installed, 
see Figure 2-20. The fan was dismounted 
from the building randomly selected.  

 

 
Figure 2-20 Vent system simulation test 

Based on an analysis done by the consultant, the testing system has the same resistance to 
the air flow with the real system. The fan was operated and the flow rate was measured. The 
measured flow rate was round 120m3/hr. The result was quite different from the 
measurement results done in the real system. It was concluded that apart from the inferior 
quality of the fan, the installation quality and/or blockage of the system contributed main 
factor to the low air flow. The SPO staffs and the consultant have made many investigations 
on the quality problem in installation. They were described in the <Final Report of the 
Ventilation Study of the EETP> written by the consultant and are quoted as follows. 

1) The alignment of the fan axial and the pipe centerline is not on a straight line, causing high 
resistance to the flow. See Figure 2-21.  

2) There are too much turns and bends on the pipe line, which causes additional resistance. 
See Figure 2-22. 

3) Figure 2-22 also shows the pipe line has used too many flexible pipes, which inner wall is 
not smooth and has higher resistance than the hard pipe. 

4) Besides, there are 3 piping systems installed in the basement, namely the GRW pipes, 
urine pipes and the ventilation pipes. The GRW and urine pipes was installed first and the 
arrangement was in disorder without any integral planning and left very limited space and 
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difficult position for the ventilation pipe to install. This is also one of the reasons that caused 
the bad quality of vent piping installation. The poor quality of installation in the basement can 
be found in a set of pictures in the Annex 2-9. 

   

Figure 2-21 Bad alignment of fan with pipes (a, b) and good example (c) 

   

Figure 2-22   Too many turns and bends and flexible pipe 

 

cb a 
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Chapter III Urine system 

Urine system of EETP is composed of the urine system in the toilet room, indoor and out 
door urine pipe as well as the urine tank. 

1. Urine system in the toilet room 

Urine outlet from the toilet room is two ways: urine hole of the toilet and the urinal. 

1.1 Urine hole of the toilet and odor trap 

The urine hole of the toilet is located at the 
front. At first, to prevent the odor from the 
urine, a porcelain circular plate was used to 
cover the urine hole. There are many small 
holes on the plate for drainage. However 
later it was found the urine smell became 
much more serious than expected. It was 
one of the main sources of the odor. So it 
was decided to use a special designed odor 
trap developed by the Swedish expert. The 
device has the dimension shown in Figure 
3-1. The odor trap is composed of two pieces 
of funnel, a grating, a tube, a cup, a coin, a 
rubber ring and a tool for taking the device 
out of the urine hole.  

     
Figure 3-1 Urine hole of the toilet 

 

The design drawing of the parts can be found in the Annex 3-1. The outlook of the odor trap 
and the section of the assembled device are shown in Figure 3-2. The odor trap is made of 
polypropylene. The manufacturer is the Xindahua Plastic Industrial Co Ltd in Chaozhou of 
Guangdong Province, China. 

          
Figure 3-2   Outlook picture and the assembled section of the odor trap 
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The principle of the odor trap is the same with the common water “S” trap. The difference is 
that instead of using water as the trapping media, there is a thin layer of paraffin oil on the top 
of the liquid. Since the water for cleaning the urinal is not enough, the liquid in the trap is 
actually a mix of urine and water and would produce bad smell if not being isolated. The 
paraffin oil has smaller specific weight than the water so it will keep floating on the top thus 
isolate the urine mix from outside. After the urinal is used for a certain period, the paraffin oil 
may be brought away by the urine and the cleaning water, so it is important to add small 
amount of paraffin oil periodically. It is also suggested to check if the rubber ring has well 
sealed the trap with the urine hole. 

1.2 Urinal 

Each toilet room is equipped with a urinal that is made by ML. In the beginning there is no “S” 
trap under the urinal like that commonly used with the flushing urinal because someone think 
the trap cannot work because of no water for trapping the odor. Later it was found the smell 
became a big problem and it was also found it is necessary to use small amount of water to 
clean the surface of the urinal. The water can be in the trap, if there is one. So it was decided 
to install under the urinal the “S” trap. The urinal used in the EETP and the “S” trap is shown 
in the Figure 3-3. The first used “S” trap is made of stainless steel. Then it was changed to 
plastic material to avoid corroded by the hydrochloric acid for cleaning the urine crystal 
adhered on wall of the trap. See the later section.  

During operation it was found that the size of the urinal is too small. When people urinate, 
urine is easy to splash out to the floor and cause odor. Another problem is the liquid in the 
trap is actually a mix of water and urine and even is pure urine if people do not clean the 
urinal with water after use. The odor still exits. The SPO staff was thinking of to change the 
urinal into a larger one, which will be a new design having space to put in the odor trap to 
cover the urine hole, like that in the UD toilet. However it has not been realized. 

     

Figure 3-3    Urinal and the “S” trap 
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2 Urine pipe system 

2.1 The pipe system 

The urine pipe system includes the indoor and outdoor pipe. The indoor pipe is arranged 
same as the conventional waster water pipe. The main pipe collects the urine from the pipes 
in 4th to 1st floor and then goes down to the basement and links with the outdoor pipe. 
Illustration of the urine pipe arrangement can be seen in Figure 2-1. 

For each stairway of the building there are two urine pipes extending from the basements on 
both sides of the stairway out of the building. These pipes converge into a trunk pipe that 
leads the urine to the urine tank. 

In 2004, a study was carried out on evaluating the alternatives for arrangement of the 
outdoor urine pipe and the urine tanks. Three alternatives were evaluated, namely the 
centralized, decentralized and semi-centralized arrangement. In the centralized arrangement, 
only one big tank is placed at the eco-station. Urine from all the buildings is transported to 
and stored in the tank. In the decentralized alternative, each building has a tank placed in the 
basement. The tank receives urine from 16 (when there are two stairways) or 24 households 
(when there are 3 stairways). Urine is to be sucked out through a pipe from the tank to 
outside of the building. In the semi-centralized solution, several buildings have a common 
tank. Report on the evaluation of the alternatives can be found in Annex 3-2. The report 
concludes that the initial and the O&M cost of the three alternatives are not too different as 
compared to the precision of the calculation. The Report was reviewed on the SPO meeting 
and finally the semi-centralized solution was adopted. In the Evaluation Report suggested 11 
tanks for the 43 buildings. Later the SEI consultant from WRS Uppsala AB suggested that 
the outdoor urine pipe longer than 200m should be avoided. The 11 tanks were not enough 
to ensure the length limitation for the urine pipe. Finally 22 tanks were arranged in the 
residential area. Each tank stores urine from about 2 or 3 buildings. The layout of the urine 
piping and tanks is shown in Figure 3-4 and also in the design drawing in Annex 3-2.  

PVC pipe with diameter of 50mm and 110mm is used for the indoor and outdoor urine pipe, 
respectively. The plain concrete strip foundation was built under the outdoor pipelines with 
thickness of 100mm. For the outdoor urine pipes, the inspection well was built at the juncture 
of the branch pipe and the main and along the straight pipeline at an interval of 40m. The 
well was designed and constructed according to the Chinese Building Standard 98S7-21∼23. 
The inspection well has a circular section with diameter of 1000mm. It was built of brick and 
with cement mortar pasted on the wall. In the well, there is an inspection tube installed on the 
urine pipe with an air tight cap on it. On the top of the well there is a cover made of reinforced 
concrete. 

To prevent the pipe from freezing in the winter time, it was buried in the depth deeper than 
the maximum frost penetration of 1.5m, according to the meteorological data. However, 
owing to the poor construction quality, most of the urine pipes were put at depth of 1.2m. In 
the winter of 2005, some urine pipes were frozen and the flow was blocked. In 2006, the 
pipes had to be wrapped with insulation made of polypropylene foam with thickness of 40mm.
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Figure 3-3   Layout of the urine piping (in yellow color) and the urine tank 
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2.2 Urine tank 

Dimension of the tank was determined with the following parameters: 

− Time of storage: 2 months 

− Urine produced by one person in one year: 360L/person/year (according to Ebba 
Petersens) 

− Number of person per household: 3.5 

To avoid deep excavation, depth of the tank is taken as 1m. Table 3-1 lists the dimension 
and volume of the tank. 

Table 3-1                   Information of the urine tank 

Tank No. 
Volume 

m3 
Ground 

elevation m
Inlet pipe 

elevation m
Bottom 

elevation m
Length of 

suction pipe 
No of 

buildings 
1 13.5 59.55 57.25 56.15 2.9 1、2 
2 7 58.2 56.08 54.98 2.72 3、4 
3 5 56.3 54.9 53.8 2 5 
4 7 55.3 52.94 51.84 2.96 6、7 
5 8.5 53.6 51.42 50.32 2.78 15、16 
6 7 52.45 50.37 49.27 2.68 17、18 
7 7 51.8 49.61 48.51 2.79 19、20 
8  51.4 48.71 47.61 3.29 43 
9  52.4 49.86 48.76 3.14 41 

10 8.5 52.3 50.34 49.24 2.56 21、40 
11 10 52.7 50.36 49.26 2.94 22、39 
12 8.5 53 50.75 49.6 2.9 23、38 
13 12 53.4 51.06 49.96 2.94 24、36、37
14 10 53.8 51.45 50.35 2.95 25、34、35
15 13.5 54.1 52.04 50.89 2.71 26、27、33
16 8.5 54.8 52.84 51.74 2.56 31、32 
17 5 58.5 56.29 55.19 2.81 30 
18 10 55.4 54.72 53.62 1.28 28、29 
19 3.5 59.7 57.88 56.78 2.42 8、9 
20 5 57.5 55.56 54.46 2.54 10 
21 7 54.6 52.91 51.81 2.29 11、12 
22 7 54.7 52.19 51.09 3.11 13、14 

For the tank design, there are some points having been taken into consideration.  

− The liquid surface should be under the maximum frozen depth in the winter. 

− The inlet pipe should be submerged under the liquid to avoid the ammonia gas being 
sucked into the toilet room through the drainage pipe. Another reason for this is the 
flowing urine should not stir up the solid deposited in the bottom of the tank. Later, 
instead of the above design, the end of the inlet pipe is put in a vessel firmly fixed on the 
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tank bottom. With this design, submersion of the inlet pipe can be ensured because if 
there is only a little urine flowing in, it can fill up the vessel and submerge the pipe. 

− To balance the pressure in the tank, a small hole is drilled on the bend of the inlet pipe. 

− The quick coupling suction valve is used for sucking the urine out. Simply put the pipe 
into the liquid for suction is not preferable because the urine adhered on the pipe will 
drop on the ground and cause odor. A special suction truck is used. 

− To avoid loss of nitrogen in the urine, a sealed cover was installed on the suction tank 
about 50cm under the ground surface and the quick coupling connector of the suction 
pipe is extended out of it. On the top of the tank a standardized reinforced concrete 
cover is used to protect the tank and also to prevent dirt from dropping into the tank. 

The section of the tank and the picture of it are shown in Figure 3-4 and Figure 3-5. Detail of 
the suction pipe and the quick coupling connector are illustrated in Figure 3-6.  

 
Figure 3-4     Section of urine tank 

Suction out of the tank is designed as once a month. However, later it was found emptying of 
the tank actually had to be done more frequently than expected because the household pour 
too much water into the urinal and the toilet. As mentioned before, there is no big urine tank 
at the eco-station. Urine is supposed to be transported directly to the farmers’ tank by their 
greenhouse of farm. However, the farmer’s tank is limited in capacity. The urine cannot 
always be accepted by the farmer immediately after being sucked out. Sometime urine has 
to be deposited in the municipal waste yard. It is suggested that a bigger urine tank has to be 
built at the eco-station for buffer storage.  

Design of the quick coupling valve can be found in Annex 3-3. The picture of the suction 
truck is shown in Figure 3-7. 
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Figure 3-5   Picture of urine tank         Figure 3-7     Picture of suction truck 

 Quick coupling 

 Flange 

Figure 3-6    Detail of the urine suction pipe and quick coupling 

Installation of the urine inflow pipe has been checked in November 2006 with a mini video 
camera. In total, 16 tanks were checked and 12 met the design. Among those unqualified, in 
two tanks the bucket was broken and end of the inflow pipe was exposed in the air. In other 
two tanks, the inflow pipe was not extended out of the wall so it was not able to carry out the 
installation work. Figure 3-8 shows two pictures: a proper installation with the end of inflow 
pipe submerged under the liquid in a bucket and a failed installation in which outlet of the 
inflow pipe is exposed in the air, indicating the liquid seeped out of the bucket. 
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Figure 3-8   The proper installation of the urine inflow pipe (left) and the failed one with a 
broken bucket (right) in the urine tank, checked with a mini video camera 

3.3 Blockage of the odor trap and “S” trap by urine Crystal 

During the operation, blockage of the odor trap and the “S” trap by crystallizing of urine on 
the inner wall become a big problem. The eco-workers reported that the problem happened 
every one month or shorter for the odor trap and a little longer for the “S” trap. The crystal 
adhered on the wall firmly and can hardly be removed. The blocked odor trap had to be 
replaced with a new one. 

The problem has been solved by soaking the odor trap in the acid or alkaline solution. The 
result for different solution and treatment time is shown in Table 3-2.  

Table 3-2             Results of testing for removal of urine crystal 
Name of 
solution 

Soaking 
time, min 

Assembled 
when soaking 

Disassembled 
when soaking 

Workability for removal 

10% HCL 15  X By hard brushing 
15% HCL 15  X By brushing easily 
20% HCL 15  X By brushing easily 

25% NaOH 40  X By brushing easily 
Vinegar 40  X By hard brushing 

25% NaOH 900  X Self dropped 
Vinegar 900  X Self dropped 

25% NaOH 900 X  Self dropped 
Vinegar 900 X  Self dropped 

From an economic point of view, the 15%-20% HCL solution is cheaper than the 25% NaOH 
solution. The conclusion of the test suggested the following two ways: 

1) Treatment on the community base: The odors blocked with the urine crystal have to be 
collected and disassembled by the eco-worker and then are soaked in the 15% HCL solution 
for 20 minutes. The crystal can be removed easily with a brush. The odors are assembled 
again and sent back to the households. Odors of at least double number of the households 
should be prepared for circulation. 
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2) Household base treatment: The household is to pour the vinegar of about 300mm into the 
trap without disassembling it before going to bed. In the next morning certain amount of 
water is to be poured in the trap to flush away the dropped crystal. In this case cleaning work 
has to be carried out every 10-15 days to avoid a heavy crystallization happen. 

Figure 3-7 show the original urine crystallization and Figure 3-8 to 3-10 showed results after 
different treatment. 

   
Figure 3-7 Urine crystal on the odor wall     Figure 3-8 Soaked in 15% HCL solution 15 min 

   
Figure 3-9 25% NaOH solution soak 40 min   Figure 3-10 Vinegar soak 15 hrs 

The brief report on the test for removal of urine crystal can be found at Annex 3-4 and Annex 
3-5. 

Although method for treating the blockage of odor trap and “S” trap by urine crystal has been 
found but the crystal may also happen on the urine pipes. It would be difficult to remove the 
crystal because to disassemble the pipes for treatment is not feasible. Besides, most of the 
pipes are hidden behind the decoration plates.  
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Chapter IV Grey water system 

1. General introduction 

The household waste water in EETP is separated from the toilet water. It has the name of 
grey water (GRW). In China no information about GRW or experiences on treatment was 
available. A workshop attended by Swedish GRW consultant and Chinese experts on the 
waste water treatment in cold region was held in September of 2003. On the workshop two 
alternatives for treatment have been raised.  

The Swedish expert introduced the decentralized soil filtration technique. It has the 
advantage of on-site treatment. No or little GRW transportation by piping is needed. The 
energy consumption and the O&M cost is the minimum, compared to the conventional 
solution. However, later it was found that in the Haozhaokui South area (HZK-S) there are 
two impervious layers under the surface. The completed weathered clay mud stone with 
permeability less than 0.01 m/d partly distributed in the area and located underground at a 
depth of 0.5-1m. Another strongly weathered fine sand stone with permeability of 0.039 m/d 
locates at a depth of 8-10m. The GRW consultant recommended that the soil suitable for 
infiltration should be course or fine sand as classified by the Chinese standard. The 
consultant also introduced the artificial filter media to improve the infiltration. But the 
materials were not available on the Chinese market and if importing from Sweden, the cost is 
unaffordable. So the decentralized soil filtration alternative has not been adopted. 

Expert from Tianjin Academy of Environment Science has introduced the constructed 
wetland for treatment. In Tianjin China there is successful example of using the constructed 
wetland for large and medium size waste water treatment. However there are two limitation 
of using this technique in EETP. One is the very cold weather in the winter in DS. The lowest 
temperature in DS can be lower than -25oC while that of Tianjin is only -15oC. It will be 
difficult to have the wetland run in such a cold weather. Another limit condition is there is no 
available land for building the wetland. So this alternative has also been given up. 

Then the Norwegian “Spaying - filtration” technique was suggested as the GRW treatment 
solution for EETP by the Swedish consultant. GRW from the households is to be collected by 
piping system and transported to the Eco-station and then treated. The preliminary design 
for the pre-treatment and the spraying filtration was done by the Tianjin Academy of 
Environment Science (TAES) in China. However, an evaluation found that although the O&M 
of this technique is simpler but the initial cost is very high compared to the conventional 
waste water treatment technique adopted commonly in China. So finally a bio-filtering 
technique suggested by TAES was adopted. Preliminary design of the pre-treatment tank 
(first class treatment) and the construction drawing for the compound tank (the second and 
third class treatment) were undertaken by the TAES. The blue prints for the pre-treatment 
tank was done by the DI.  

For storing the effluent from the treatment plant, the depression area in the northwest corner 
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of the HZK-S area was used to build a post treatment pond. Specification of the pond was 
provided by the SPO and the design was conducted by DI. 

Construction of the GRW treatment plant and the post treatment pond started from 
September 2005 and finished in the end of the same year. The GRW piping system was 
designed by DI and most part of it was finished in 2005. However due to the poor quality of 
construction and installation, many sections of the GRW piping were either frozen in the 
2005 winter or kept blocking in 2006. The discharge of GRW flowing to the treatment plant 
was so low that the GRW plant could not be operated. Only in the end of May 2007, all the 
obstruction in the GRW pipes has been cleared. However the flow discharge was still much 
lower than the design. The treatment plant could start operation but only with 1/5 designed 
capacity. The quality of the effluent reached the designed criteria in August 2007 for draining 
into the water body. But the reclaimed water quality has not been met up to September 2007. 
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2. GRW treatment alternative  

2.1 Parameters of GRW 

Number of the household: 832, according to the mater plan of the area 

Number of the average family member: 3.5, provided by DPO, according to some 
investigation 

Water supply quota: 90 L/person/day, (usually in the Inner Mongolia and Northern China, 
120 L/person/day is taken. Considering that the flushing water is saved, a reduction of 30 
L/person/day is adopted). 

GRW produced: 80 L/person/day 

Treatment capacity: 250 m3/day (832×3.5×80/1000=233 m3/d) 

The pollutant load of the GRW and the treatment efficiency was estimated by the Swedish 
consultant as follows. 

Table 4-1              Estimated pollutant load and removal efficiency 
 Removal efficiency  Inlet mg/l Outlet 

mg/l 
Remarks 

SS >95%  25-40  
BOD 90-99% 250-400 10-30  Depending on loads and 

temperature 
Total-P 15% 0,5-5 0,8-5 By removal of sludge, depending on 

P- in detergent 
Total-N 30% 0,5-15 0,5-10 > 60 % nitrification, depending on 

urine contamination to GRW 
Faecal 
coliform 

99-99,99% 100 0-10 Very few pathogens from the 
beginning.  

Note: Quoted from letter by Peter Ridderstolpe, June 16 2005 

2.2 System description and the preliminary design for Norwegian “Spraying 
filtration” technique 

From Table 4-1, it can be seen this system is designed mainly for removal of SS, bacteria 
and BOD but not for P and N. According to the Consultant, for removal of P and/or N, the 
filtration needs a special and very expensive reactive filter media, the Filtralite–P. The 
dimension of the filter will be increased by 2 to 3 times. The consultant thought that 
measures for P removal must be taken at the household level, by urging the household to 
use and the market to only sale the P-free or low P detergent. However, some SPO staffs 
and the local authority thought that the project management was not at a position to control 
this and to have the N and P concentration in the drainage water meet the National standard 
at household level would not be realistic. 
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Greywater from all households are collected in pipes and led by gravity to the treatment plant 
located at the Eco-station. The treatment plant is composed of pre-treatment tank and the 
spraying filtration house. 

Pre-treatment of the greywater with the septic tank system will be built with the gravimetric 
separation of suspended solids. After the septic tank, water will be led to a pump sump and 
discharged to the spraying filtration house. To regulate the flow being evenly distributed with 
time for facilitating the next treatment procedure, the septic tank and the pump-sump is to 
have volume of round 100m3. There are two centrifugal pumps in the sump, pumping the 
pressurized water to two pipe lines hanging on the roof of the spraying filtration house. 
Nozzles installed on the pipes are for spraying GRW in uniform distribution pattern on the 
surface of the filtration bed. The method allows for hydraulic load of higher than 250 mm/d 
(later 300 mm/d was adopted) without jeopardising the treatment efficiency. 

The dimension of the filtration bed area was determined by dividing the daily capacity with 
the hydraulic load. The depth of the bed is taken as 1 m. The GRW after filtration was led to 
the drainage pipe flowing to the pond. All the spraying pipes with nozzles and the filtration 
media are shielded in a house to avoid freezing and spreading of smell and aerosols. Design 
of the house should meet the demand of convenient service and operation and at the same 
time should be economic as possible. 

The preliminary design of the septic tank and the spraying filtration house was done by the 
Chinese consultant, the Tianjin Academy of Environment Science (TAES) on the basis of 
specification provided by the Swedish Consultant. The drawing can be found in Annex 4-1. 

2.3 Economic consideration 

The cost of the Norwegian “Spray-filter” technique to be adopted in EETP was estimated by 
TAES shown in Table 4-2. The total cost of the spray-filtration solution is about 3.2 Million 
RMB. According to the Swedish experiences, for the treatment solution with the spraying 
filtration technique, it costs 35000 SEK per household in Sweden. If the larger scale is 
adopted the unit price would be lower. The unit cost in China roughly estimated by the 
Swedish Consultant is 15% of that in Sweden. The total cost is 35000 × 832 × 0.15 = 4.37 
Million SEK or about 4.37 Million RMB. According to the TAES, generally speaking, a 
treatment plant with capacity of 250m3/d in China is less than 1 million RMB. The SPO has 
discussed with TAES and DI to see if it was possible to lower the cost by using simpler 
structure and cheaper materials for the building of the treatment plant. But it seems there is 
no or little room for that. Therefore it was decided to find an economic solution for the GRW 
treatment. 

Table 4-2     Cost estimation of the Spray filtration treatment plant (cost: 1000 RMB) 
No. Name Specification Material Quantity Unit price Cost 
Total 3208.2
Civil works 1636

1 
Septic and 
buffer tank  

Volume 360m3 Reinforced 
concrete 

  216

2 Spray filter House 900m2 R. concrete   1420
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house Filter tank 2250 m3 Brick 
Equipment and materials 1402.2
3 Pump Discharge 40m3/h Cast iron 2 8.6 17.2
4 Fan   2 5 10
5 Nozzle Lechler 422.888 PE 160 0.3 48
6 Filter media D = 2-8 mm Porcelain 800 t 1.5 1200
7 Gravel   150 m3 0.18 27
8 Valve     50

9 
Electric 
control 

    50

Installation cost 170

2.4 Investigation on the “Underground Non-powered Domestic Waste Water 
Treatment Technique” 

In May 2005, SPO staff has paid a visit to a Germany aided domestic waste water treatment 
plant in the Shanghai Electronic Engineering School. The project was funded by the 
Germany BMZ, BORDA and Hanns-Seidel-Stiftung and technically supported by the BORDA 
and China Zhejiang Poly-technical University. It has capacity of 162.5t/d for 1000 students 
and staffs. The wastewater is mixed with the toilet water. The system is composed of septic 
tanks, 3 anaerobic tanks and one aerobic bio-filtering system. The treatment process is 
shown in the Figure 4-1. The effluent is to meet the China standard for grade one drainage 
water quality. The total cost is 800,000 RMB. Because of the mild climate condition, there is 
no upper structure on the filtering system but just a membrane. Roof for the round anaerobic 
tanks is semi-dome-shaped thin brick structure. Another reason of the low price is the small 
size of filtering system and cheap filter material. This technique has attracted the SPO staffs 
very much because of its low investment and O&M cost.  

 
Figure 4-1 Flow chart of the water treatment in the Shanghai Electronic Engineering School 

However, further investigation found the pollutant load of effluent from the system was still 
high. Indexes of BOD, COD and NH4-N could not meet the demand. See Table 4-3. 

   

Pre-treatment 
tank V= 10m3 

No.1 anaerobic tank 
V=165m3 retention 
time 81 hrs

No.2 anaerobic tank 
V=165m3 retention 
time 81 hrs

No.3 anaerobic tank 
V=165m3 retention 
time 81 hrs

Aerobic digestion 
tube V/L=5m3/600m 
retention time 0.8 hr 

Aerobic Bio-filter 
tank V=201m3

retention time 32 hrs

Reclamation water 
tank V= 60m3  

Irrigation Bio-gas  Drainage 
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Table 4-3      Pollutant load of effluent from the waste water treatment plant 

  Item 
CODcr 

(mg/l) 
BOD5 

(mg/l) 
SS 

(mg/l) 
NH4-N 
(mg/l) 

Oil 
(mg/l) 

pH 
LAS 

(mg/l) 
1 95.40 26.80 37.10 14.00 1.00 8.02 0.27 
2 98.60 28.30 11.00 14.40 1.00 8.06 0.20 

Demand 80 20 70 12  6-9  

With literature searching it was learned that this technique was first studied and developed in 
1991 in Jiangsu Province based on the Taiwan technique on the domestic waste water 
treatment and has the name of underground non-powered domestic waste water treatment 
(UNPDWWT). The key technique is “Septic tank + anaerobic sludge contacting tank + 
anaerobic bio-filtering”. The design quality of the effluent is expected to meet the demand of 
Grade II drainage water stipulated by the China Code GB 8978-88. It has the advantages of 
underground, no power needed, low initial and operation cost, little need for maintenance 
and is suitable for those areas without sewage system. It got the patent in 1992 and has 
been replicated in many south and southeast China cities since 1995. 

However, after years of operation, some major problems were found: 

1) The treatment is effective mainly for removal of SS, but not effective in removing the COD 
and BOD. The effluent quality cannot meet the demand of Grade II drainage water set by the 
National Code.  

2) Aeration is designed to realize by natural ventilation through a pipe. This kind of design 
cannot ensure the aerobic process. 

3) There is no regulation tank to regulate the impact load of waste water flow, to which the 
anaerobic process is more sensitive. 

4) Drainage of the gas (CH4, H2S) produced in the anaerobic process has risks on safety and 
produces odor problem. 

5) Cogging and overflow often occurred in some units. 

Result of monitoring by Wuhan University for 52 units is shown in the following table. 

Table 4-4       Pollutant removal efficiency (%) of UNPDWWT 
Item COD BOD SS NH4-N PO3 
Range 29.3∼80 26.7∼78.8 35.2∼89.6 −60.2∼27.0 −48.8∼48.7 
Weighted average 53.7 54.1 64.3 −0.44 21 

The removal rate of the pollutant for different kind of buildings monitored by Jiangsu Province 
is shown in the following table. 

It was concluded after investigation that the UNPDWWT technique has about the same 
effect on pollutant removal as the septic tank but the cost is higher. So this solution was 
given up. The TAES has provided other two examples for treating the domestic waste water, 
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namely the Tianjin Wuxia Residential Area Domestic Waste Water Treatment Plant and the 
Waste Water Treatment Plant for The New Camp of Hebei University. These two projects 
both adopt the technique of “Hydrolysis-acidiolysis (anaerobic process) + Bio-contact 
oxidation (aerobic process)”. It is a combination of the active sludge and the bio-filtration 
technique. The main information of comparison with the UNPDWWT in Shanghai Electronic 
School is shown in Table 4-6. 

Table 4-5        Pollutant removal efficiency of UNPDWWT 
Removal rate % 

Type of building 
COD BOD SS 

Office 15.9 19.6 28.6 
Residence 47.8 51.2 51.1 
Hotel 24.1 19.8 13.4 

Table 4-6      Comparison of alternatives for domestic waste water treatment 

Project Tianjin Wuxia 
Residential Area 

Hebei University 
New Camp 

UNPDWWT 
Shanghai 

Capacity（t/d） 600 2000 160 
Area occupied (m2) 150 700 400 
Building area (m2) 150 480 220 
Total investment 1000 RMB 1606.2 2783.6 800.0 
Investment for unit capacity 
RMB/(t/d) 2677 1391.8 5000 

O&M for unit water (RMB/t) 0.50 0.285 Lowest 

Quality of the effluent of the two alternatives is shown in Table 4-7 

Table 4-7     Quality of effluent of the two alternatives 
Project CODcr BOD5 SS NH4-N pH Turbidity 

Tianjin Wuxia ≤ 50mg/L ≤ 10mg/L ≤ 5mg/L ≤ 10 mg/L 6 .5～9 ≤ 5O 
10.70 2.50 16.00 2.50 7.50  Hebei Univ.1 

          2 12.9 4.00 20.00 0.376 7.50  

From the comparison of the alternatives listed above, the solution recommended by TAES 
has the advantage both on economic and performance aspects. So it was decided to adopt. 
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3. GRW treatment solution by TAES 

3.1 Parameters and the removal efficiency 

The capacity is 250t/d. 

The GRW information was not available in China. Data from some literatures were taken as 
reference to set the pollutant load of the raw GRW. The designed quality of the effluent from 
different treatment stages are listed in Table 4-8 based on the practical experiences of TAES. 
The two levels of treatment goals were set: to meet the National Code for Grade II effluent 
and the National code for reclaimed water of miscellaneous use. They are also in the Table. 
Here the miscellaneous use denotes toilet flushing, lawn sprinkling, car washing, etc.  

Table 4-8        The quality of the inlet and outlet water at different stages 

       Stage Septic tank Buffer tank 
Hydrolysis-
acidiolysis 

Bio-filter 
Reclaimed 

water 
Inlet ≤400 ≤300 ≤300 ≤210 ≤36 CODCr 

 (mg/L) Outlet ≤300 ≤300 ≤210 ≤36 ≤22 
Inlet ≤250 ≤200 ≤200 ≤150 ≤19 BOD5 

 (mg/L) Outlet ≤200 ≤200 ≤150 ≤19 ≤9.5 
Inlet ≤200 ≤120 ≤120 ≤84 ≤16.8 SS 

 (mg/L) Outlet ≤120 ≤120 ≤84 ≤16.8 ≤6.7 
Inlet 6~7 — — — 6-9 

pH 
Outlet — — — — — 
Inlet ≤25 ≤25 ≤25 ≤23 ≤20 氨氮 

(mg/L) Outlet ≤25 ≤25 ≤23 ≤20 ≤12 
Inlet ≤5 ≤5 ≤5 ≤4.5 ≤2.4 PO4

3- 
(mg/L) Outlet ≤5 ≤5 ≤4.5 ≤2.4 ≤0.9 

Table 4-9                     Features of the structures 

Name Dimension m Volume m3 Number Retention 
time hrs Function 

Septic tank 8×3.6×2.7 121 2  Pre-settlement, grease trap, 
anaerobic process 

Buffer tank 7.2×5.1×3.8 110 1 11 Uniform water quantity and quality, 
pump water to the Hydrolysis tank 

Hydrolysis 
acidiolysis 4.0×3.0×4.0 42 1 4 Anaerobic process and bio-filtration 

hydrolysis & acidolysis process 
Bio-contact 
oxidation 7.0×4.0×4.0 95.2 1 9 Aerobic process by suspended 

sludge and attached bio-film 
Secondary 
sedimentation 4.0×3.5×5.5 65.8 1 2 Sedimentation process to separate 

liquid and solid 
Transition 
tank 4.0×2.0×4.0 24 1 2 Receive water from secondary tank 

and pump to high efficient filter 
Clean water 
tank 4.0×3.0×4.0 43 1 4 Store and sterilize treated water 

Operation 
house 6.0×3.6  1  Equipment operation and 

monitoring 
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Later it was found that the pollutant concentration of raw GRW in the table is much 
underestimated. The real pollutant loads of the GRW in EETP will be described later. 

3.2 System description 

The GRW treatment that TAES recommended is mainly an aerobic process (Bio-contact 
oxidation) plus the anaerobic process (Hydrolysis-acidiolysis) to make the effluent meeting 
the National standard of Grade II drainage water. With agent additive process, the water 
quality can further be enhanced to meet the National standard of reclaimed water for 
miscellaneous use. The flow chart of the treatment plant is shown in Figure 4-2. The features 
of the components and the equipment list are shown in Table 4-9 and Table 4-10, 
respectively. All the structures except the operation house are built of reinforced concrete 
and located at underground. 

 
Figure 4-2      Flow chart of the GRW treatment (adopted solution) 
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Table 4-10          Main equipment of EETP GRW treatment plant  
Name Location Specification Power kW Quantity 

Pump Buffer tank JYWQ50-15-15-1.5 Submerged
sewage pump, , Q=15m3/hr, H=15m 1.5 2 

Bio-media Hydrolysis tank Elastic, Φ160×80，L=2000mm  24m3 

Bio-media Φ160×80，L=2000mm  56m3 

Aeration pan 
Bio-contact 

oxidation tank Φ178  76 
Blower Operation house HC-100S, Q=4.11m/min, P=0.5 5.5 2 

Inclined pipe Secondary 
sedimentation tank Honeycomb like, Φ80  14 

Pump Transition tank Submerged, Q=15, H=32 4 2 
High efficient 

filter Operation house LW600, Ф0.6m×3.2m, Speed filtration 
v = 30m/h, tube diameter d = 600mm  1 

Agent 
additive tank Operation house Anti-corroded, Ф1.0m×1.0m, with 

agent adding pump  2 

The total number of equipment/motors is eleven with three standby units. Total power is 
26.33kW, among which 14kW is for the treatment meeting Grade II drainage water and 12.33kW 
is for the treatment for reclaimed water. There is electronic automatic device for water level 
control in the buffer tank and the transition tank: the pump starts and stops operation at 
adjustable water levels and warning signal occurs when level reaches extra high/low. 

According to the design, one worker for the O&M work of drainage water treatment and the 
reclaimed water is needed. The estimated O&M cost is about 0.4 RMB/m3 for treatment of 
drainage water and another 0.4 RMB/m3 for the reclaimed water. 

The design drawing of the septic and buffer tank is the same with that of the Norwegian 
Spraying Filtration, which can be found in Annex 4-1. The construction design drawing for 
the adopted treatment plant was done by TAES and can be found in Annex 4-2. 

For the reclaimed water, there should be a purposed built storage cistern. The reclaimed 
water can be a sole source for supplying the miscellaneous use or can be a supplemental 
source to the municipal water supply line. In the latter case, the two systems are not allowed 
to be directly connected even through a backflow prevention valve (one way valve). There 
should be a free outlet connection, e.g. the municipal pipe should be placed at least 20cm 
above the cistern where the reclaimed water flows in. The subordinate structure has to be 
designed after the DS authority specifies the usage of the reclaimed water. 
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4. Post treatment pond 

The post treatment pond is located at the depression area of eco-station. The functions of 
the pond are to store the drainage water as a buffer for irrigation of the greenery area in 
HZK-S and as water scenery. The pond specification was provided by SPO and the 
construction design was done by DI. Construction work done by DX started in September 
2005 and finished in November of the same year. In the winter of 2005, there is no water in 
the pond. Owing to the small GRW flow to the pond, water level in the 2006 winter was less 
than 0.5m. The whole water body was frozen. To July 2007, the maximum water level in the 
pond was only about 0.7m. 

4.1 Location and design feature of the pond 

There were two options for the location of the pond. One is at the lowest area in the 
northwest corner of the eco-station (referred as Site-1). Another is at an old dam site at the 
middle of the eco-station (referred as Site -2). 

Features of the two sites are listed in the below table. 

Table 4-11              Comparison of Site -1 and Site -2 
Item Unit Site 1 Site 2 

Max water elevation m 1448.0 1450.5 
Dike crest elevation m 1448.5 1451.0 

Volume capacity m3 2,670 2,760 
Water surface area m2 4,280 2,450 

Land occupation m2 5,610 3,060 
Average water depth m 0.62 1.12 

Maximum water depth m 1.3 1.9 
Cost comparison  Higher Lower 

Based on rough cost estimation, it was concluded that cost of Site 2 is less than that of Site 
-1 because the former can make use of the existing dam. However, the maximum water 
elevation of Site -2 is higher than that of Site -1 by 2-2.5m. Since the highest elevation of the 
GRW pipe entering the septic-buffer tank is about 1490m, the bypass of the buffer tank can 
only be 1448.7m, which is much lower than the water level of Site-2. If the Site-2 is chosen 
then a pump is needed to bypass the GRW incase of accident. Another reason favoring 
site-1 is Site-2 locates closer to the housing area, the local authority worried about the odor 
from the pond. Therefore the Site-1 was chosen as the pond site. 

One of the main problems is to ensure safe operation of the pond in the cold winter. We don’t 
have the data of maximum ice thickness in DS. Only the ice thickness of Yellow River at 
Baotou is known as 0.7-0.8m. The temperature in DS is lower than that in Baotou, so the ice 
depth in DS should be thicker than 0.8m. The cold weather may cause the inflow pipe 
blocked by ice. Another possibility is the water in the pond could be frozen to the bottom. 
Therefore two considerations have been taken in the design: the pond should have water 
deep enough to ensure a free flow under the ice cover. It is important to note that before the 
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winter comes, water in the pond should be kept at the maximum depth so the inflow pipe is 
under the water free of ice. With these thinking, the final highest elevation of the water table 
was taken as 1448.3m. The elevation of the original ground is 1446.5m so the maximum 
water depth in the pond is 1.8m. On the other hand, with this water level, the bypass flow 
from the buffer tank can have enough slope. The extra high water level is 1448.5m (under 
extra flooding) to pass flood discharge, see below. The elevation of the dam crest was taken 
as 1449m, same as the elevation of the east road embankment. Based on the topographic 
map, the area and the storage volume of the pond is 3670m3 and 3700m3, respectively. 

Another design consideration is to ensure safe discharge of the flood water when an extra 
storm happens. According to the meteorological analysis, the maximum one-hour rain is 
about 45mm. Catchment area of the HZK-S is about 140000m2. The runoff coefficient was 
taken as 0.7 and it was estimated 60% of the runoff will flow into the pond when the storm 
rain happens. It was estimated that the maximum discharge can be 0.7m3/s, which is too 
large for the outlet drainage pipe (the maximum flow capacity is only 14L/s). Therefore from 
the safety point of view, a sluice for storm water drainage is necessary. 

4.2 Components of the pond 

The pond is surrounded by the 
traffic road in the west and north, 
walking pathway in the east and 
the composting plant in the south. 
It is composed of dike, pipes for 
inlet and outlet of the treated 
water and the sluice for storm 
water drainage. The plan for the 
pond is illustrated in Figure 4-3. 

1) Dikes 

The dike has two types, dike type 
I has the section shown in Figure 
4-4 and type II is shown in Figure 
4-5. 

 
Figure 4-3       Sketch of Pond plan 

The slope of the dike is protected with concrete slab of 100mm in thickness. Considering the 
cold weather in the winter, to avoid damage by frost heaving action, a layer of polypropylene 
foam with thickness of 100mm is placed under the concrete slab on the slope. The 
geomembrane is paved all over the bottom and under the concrete slabs on the slope to 
avoid seepage loss. It is also to prevent the frost heave damage to the foundation of the 
railway and the paved west and mid-road in winter with the seepage water from the pond. In 
the design of east and south dike where the seepage water would no longer threaten the 
above structures, a strip of earth platform was remained unlined for planting the aquatic 
plants that would be benefit to absorbing the nutrients in the water, see Figure 4-4. 
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Figure 4-4     Illustration of Dike I section 

 
Figure 4-5      Dike II section 

2) Inflow and outflow pipes 

There are two inflow pipes shown in the Figure 4-3: one from the bypass of the buffer tank 
and another from the inspection well in the west of secondary sedimentation tank. The outlet 
pipe leads the pond water to the pipe going through the railway and highway tunnel, see the 
next section. All the pipes are PVC pipe. The inlet pipes have diameter of 150mm and the 
outlet pipe has diameter of 200mm. 

3) Flood sluice 

At the north boundary of HZK-S, there is a drainage ditch that leads the flood water from 
HZK-S and from the area east and north of it through the railway tunnel to the west. A paved 
road has been built between the north bank of the pond and the ditch. To pass the maximum 
flood discharge of 0.7m3/s from the pond to the ditch, a circular section culvert of 80cm in 
diameter under the road should be built. For controlling the flow, a gate that can be closed 
and opened by manual is installed. Illustration of the section of the flood sluice is shown in 
Figure 4-6. Pictures of the pond are shown in Figure 4-7. 
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Figure 4-6    Sketch of the section of the flood sluice  

  
Figure 4-7    Pictures of the pond, the right one shows operation house of the sluice 

4.3 The temporary measure for treatment of the pond water 

During the period of year 2006 and the first half of 2007, the GRW flowing to the treatment 
plant was too small to operate the equipment. So the GRW can only bypassed the buffer 
tank into the pond without treatment. To April 2007, the maximum water depth was about 
0.5m in the pond. With the weather becoming warm, it was worried that the bad smell would 
be a problem for the environment. The TAES recommended to install some temporary 
aeration equipment in the pond. Two kinds of facilities were used. Two aeration machines 
and 3 floating bio-baskets planted with flowers manufactured by the Shanghai Obao 
Environment Tech Co were installed in the pond to provide aeration and the latter is for 
absorption of the nutrients on the water. The aeration equipments were floating on the water 
surface with oxygen production capacity of 2.1kg/hr. Besides, the Obao also provided a 
bio-agent called “BiNutrixTM-WW (BN-WW)”, which is to be spread in the pond water to 
provide nutrient elements for accelerating growth of the micro organism. The aeration 
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machine had worked well for more than one month until failure due to damage of the electric 
insulation. The effect of the water quality improvement has not been monitored. Figure 4-8 is 
some pictures of the aeration equipment and the floating bio-baskets. 

   

   
Figure 4-8   Some pictures of aeration machine and floating bio-baskets 
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5. Drainage of the treated GRW 

The HZK-S area is higher in the southeast and lower in the northwest. The post treatment 
pond locates at the lowest point of the whole area, including the northern part of HZK area. 
The only drainage way by gravity is to the west of HZK-S. The drainage ditch at the north 
boundary of HZK-S leads all the flood water and may lead the treated GRW through the 
tunnel of the railway and highway located at the west of HZK-S. It is also the only way for 
draining the treated GRW of HZK-N, the second phase of EETP. 

The railway tunnel has a rectangular section with a masonry anti-scour slab at the bottom 
and the gravity type retaining wall on both sides. The walls and the bottom slab are underlain 
with integrated concrete foundation with a total thickness of about 1.2m. The highway tunnel 
is divided into two sections, the old and the new one. The bottom of the highway tunnel is 
lined with masonry slab with depth of 30-50cm. The dimension features of these two tunnels 
are shown in Table 4-12. 

Table 4-12         Dimension features of the railway and highway tunnel 
Elevation m Name of tunnel Length m Entrance Outlet 

Longitudinal 
slope % Height m Width m 

Railway 24.3 1146.51 1146.20 1.47 2.5 2.2 
New highway 22.5 1145.90 1145.72 0.5   
Old highway 44.9 1145.72 1145.45 0.5 3.3 2.5 

5.1 Design parameters 

1) Design drainage discharge: Since the drainage water from the second phase of EETP, 
HZK-N, has also to pass the railway tunnel, the design discharge of the drainage pipe should 
take the drainage water from both the south and north of HZK area into consideration. The 
population of the first and second phase of EETP is about 9000. The daily production of 
GRW per person is 80L/d. So the average daily discharge of the pipe is 720m3/d, or 8.33L/s. 
Considering the unevenly of daily discharge distribution among the year, the design daily 
discharge is to be modified by multiplying a coefficient of 1.4. The design discharge is taken 
as 11.67L/s. 

2) Slope of the pipe: limited by the topographic condition, the piping slope is taken as 
0.5-1.5% and the same as the tunnel when the pipe locates in the tunnels. 

5.2 Design features 

As mentioned above, the flood water passes the drainage ditch located at the south 
boundary of HZK-S in the past years. So the treated GRW can also flow to the west through 
the ditch. However, two reasons have rejected to use the open ditch for drainage. The first 
reason is that the tunnel is a country road for passing the horse cart and the small car. It can 
be used for passing water only occasionally but not frequently. Another reason is that in the 
wintertime, water will be frozen in the open ditch. Therefore to pass the water in an insulated 
piping system through the railway and highway seems the only choice. 

Three alternatives for passing the drainage pipe through the railway and highway tunnels 
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have been considered. The first one is to install the pipe through the railway embankment 
using shield-driven tunneling method. The thick embankment can protect the pipe water from 
freezing. It is the cheapest way. However the railway authority did not accepted it for the 
safety consideration. Second way is to hang up the pipe at the top of the tunnels. The pipes 
have to be insulated with polypropylene or polyurethane foam. The drainage water has to be 
pressurized by pumping. This solution has the advantage of avoiding excavating the 
masonry bottom slabs of the tunnel, which is very difficult particularly in the wintertime. Its 
disadvantage is the high energy consumption and O&M cost. The third solution is to 
excavate the masonry slab and put the pipe inside the bottom slabs. The three alternatives 
were negotiated with the railway and highway authority and the last one was adopted. Figure 
4-8 sketches the two alternatives of passing the drainage pipe through the railway tunnel. 

 
Figure 4-8    Alternatives of drainage pipe passing through railway tunnel 

The plan of the drainage pipe passing through the tunnels is shown in Figure 4-9. 

Because the thickness of the railway tunnel foundation is about 1.2m, it is not possible to put 
the drainage pipe under the frost penetration line of 1.5m. Besides, the masonry slab of the 
tunnel bottom is very hard and is difficult to excavate. So the pipe had to put in a shallow 
foundation and the heat insulation should be taken to avoid freezing of the water in the pipe. 
Based on the thermal analysis, the polypropylene insulation foam with thickness of 16cm is 
necessary. Later the insulation material was changed to polyurethane foam that has better 
insulation performance than the polypropylene according to the thermal conductivity test 
conducted in the State Laboratory of the Frozen Ground Engineering in Lanzhou China. The 
polyurethane (PU) material 13cm in thick was adopted in the final design for the insulation. In 
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the section of highway tunnel, the pipe was buried in deeper foundation so the thickness of 
the insulation was reduced. 

 

 
Figure 4-9     Plan of the drainage pipe passing through the railway and highway tunnel 

The total length of the drainage pipe is 314.8m. There are in total 7 inspection wells located 
at every turn of the pipeline. Water table in these wells was also asked to be set below the 
frozen depth (1.6m). For those wells with a shallower water table, to prevent the water from 
freezing, insulation measures were also taken for the cover, wall and even bottom of the 
wells. The criteria for the thickness of polyurethane insulation were as follows: 

Table 4-11                 Insulation thickness for the pipeline 
Section of pipeline Depth under surface m Thickness of PU 
Railway tunnel 0.5 13 
Highway tunnel 1.2 5 
Pipeline out of tunnel 0.5 10 
Pipeline out of tunnel 1.2 3 

Reason for the thinner insulation of the pipelines out of tunnels is that the frozen depth in the 
tunnel would be much larger than that out of tunnel because of lacking of sunshine inside. 
Based on the test result gained by the China Gansu Institute for Water Conservancy, the 
frozen depth in completely shadowed area can be doubled compared with that in the area 
having full sun radiation. 

For the wells, the insulation thickness is shown in Table 4-12. 
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     Table 4-11        Insulation thickness of the inspection wells 
No of well Water table m Cover cm Wall cm Bottom cm 
J1 -1.7 0 0 0 
J2 -1.7 0 0 0 
J3 -1.5 10 10 5 
J4 -0.3∼-1.1 13 13－5 5 
J5 -1.1 10 10－5 5 
J6 -1.1 10 10－5 5 
J7 -1.1 10 10－5 5 

To protect the drainage pipe, it is put in a reinforced concrete frame. The pipe line of the 
natural gas should also have to pass through the railway to get into the HZK-S so the twp 
pipes are put in the same concrete frame. Drawing of the sections of the drainage pipe in the 
tunnels is shown in Figure 4-10. The longitudinal and lateral section of the piping can be 
found in Annex 4-3. 

 
Figure 4-10    Section of the drainage pipe and the gas pipe in railway tunnel 

 
Figure 4-11    Section of the drainage pipe in highway tunnel 

5.3 Construction of the drainage pipes 

Construction of the drainage pipes was delayed by the procedure in getting approval of the 
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design by the railway authority. Although the SPO has provided the specification and the 
design drawings in early April 2005, but the Railway Bureau gave DPO the official document 
approving the design and construction in late November 2005. At that time, construction of 
the main body for the 32 residential buildings out of the total 43 in HZK-S has been finished. 
The DS authority had an overestimation on the speed of households’ moving in the HZK-S 
area. They said there would be 200-300 households living in before the Spring Festival. 
Then the daily GRW could amount to 6700-10000m3 in the 4 months of winter, which is much 
bigger than the pond capacity. So in this case the drainage pipe should be ready before the 
2005 winter came. It was therefore decided to carry out construction work in the winter. 
Casting of the concrete in the tunnel was done in the coldest period. All the sand, gravel and 
water have to be pre-heated and inside the tunnel, several stoves burning coal were installed 
to ensure the inside temperature higher than 5oC. Special workers were hired to do the 
heating and also to prevent from firing and toxic gas. It brought big difficulties to the 
construction work and increased the cost. 

Another difficulty the construction faced was the very hard property of the masonry bottom 
slab in the railway tunnel, causing a very difficult job of excavation. It was difficult to find 
construction team for the project and they asked a very high price to excavate the slabs thus 
raise the cost very much. Excavation of the masonry slabs took one and half months. Only 
after that the concrete work could be started. 

The work was basically finished in February 2006 and accepted by the DPO and SPO in July 
2006. The water has successfully passed through the pipe freely. 

There is an issue remained unsettled. After passing the tunnels, the drainage water will flow 
along a road that is the lowest area west to the highway. So far there is no drainage water 
from the pond. It is still unknown if the drainage water will be a problem for the road and the 
nearby farmers’ fields. Perhaps the pond can be used as a buffer tank so that the drainage 
water would be drained every two or three months to lessen the impact on the traffic. But the 
ice on the road formed in the winter would be a problem. 
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6 Monitoring of the GRW 

Monitoring of GRW was started from July 2006. It had 3 stages shown in the Table 4-12.  

Table 4-12                GRW sampling and testing work list 
Period Monitor frequency Sampled water Testing items Data found 
July 4 2006 to 
March 22 2007 

Three times per 
month 

Raw water, Septic 
tank, pond 

pH, SS, COD, 
BOD, NH4-N, TP 

Annex 4-4 

Apr., May, June Every 2 hrs for 
raw water, and 2 
times per month 
for the others 

Raw GRW, flow at 
the entrance of 
septic tank, buffer 
tank, pond 

pH, SS, COD, 
NH4-N, TP, 
colority 

Annex 4-4 

Jun. 15 to Dec. 
2007 

Interval of 2-10 
days 

Buffer tank, 
aeration tank, 2nd 
sedimentation tank, 
transition tank, 
pond 

pH, COD, BOD, 
SS, NH4-N, TN, 
Phosphate, ASA 

Annex 4-5 

The sampling and testing was undertaken by the DS Environment Monitoring Station. All the 
sampling and test work was carried out according to the Chinese Standard. The results of 
the first stage monitoring produced very irregular data because of the random feature of the 
GRW temporary and spatially. So it was decided to have more intensive monitor aiming at to 
find the properties of the raw GRW and their change with the location of the GRW as well as 
to compare the GRW with the conventional waste water. Monitor in this stage has provided 
the GRW data that was the first one obtained in China. The third stage monitoring was 
mainly for the operation test of the GRW treatment plant. 

6.1 The first stage monitoring 

The first stage monitoring produced very irregular data on the GRW properties. The 
deviation coefficient (Cv) varies from 0.55 to 1.54, indicating a very random GRW property 
distribution with time, see Table 4-13. The diagram of the COD of the raw GRW sampled at 
the outlet of the drainage pipe of #4 building versus time is shown in Figure 4-12. 
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Figure 4-12    COD of raw GRW of #4 building versus time 

Table 4-13                Statistical features of the first stage data 
Item Mean value Max value Min value Cv 
COD mg/L 397.94 1808 48.96 1.03 
BOD mg/L 138.13 404.2 29.3 0.73 
NH4-N mg/L 43.62 318.269 13.974 1.54 
TP mg/L 3.97 8.5 1.05 0.55 
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6.2 The second stage monitoring 

The second stage monitoring gave the properties of the GRW in EETP. It is believed the first 
data on the GRW in China. The monitoring work took place in April 1 (Sunday) and April 4 
(Wednesday), May 9 (Wednesday) and May 13 (Sunday), and June 6 (Wednesday) and 
June 10 (Sunday) in 2007. Monitoring of the mixed waste water in the Minsheng Residential 
Area on June 6 was also taken for comparison. 

The monitoring included sampling GRW at 4 different locations: the GRW drainage pipe in 
the inspection well of the #4Building, the GRW drainage of the inspection well located at the 
entrance of the septic tank, water in the buffer tank and the pond water. Sampling of the first 
and second places was taken every 2 hours from 6am in the morning to 12pm in the mid 
night for the weekday and the weekend. For the buffer tank and the pond, sampling was 
taken once on the same day. The reason for this arrangement is the outflow water from the 
two pipes varied very much with time, while water in the buffer tank and the pond is basically 
uniform. To get weighted mean of the GRW property, the flow rate from the pipe was 
measured together with the sampling. The value of 2-hour data is averaged by weight of flow 
as shown in the following equation: 
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where, Meanw is the weighted mean, Vt and Ft is the figure of GRW property and the GRW 
flow rate at time t, n is the number of data. Since the sampling was from 6am to 12pm so n 
equals to 10. 

Table 4-14      BOD & COD of GRW versus location and of the mixed waste water 
Weekday Weekend Date of 

sampling 
Location of 
sampling BOD COD NH4-N TP BOD COD NH4-N TP 

April Raw GRW 1008 15.1 5.3 559 4.29 2.8
 Before septic 894 15 4.2 880 18.8 3.5
 Buffer tank 720 33.5 4.9 966 34.7 5.6
 Pond 384 15.4 2.7 618 16.9 3.1
May Raw GRW 433 737 8.57 2.19 541 918 12.0 3.43 
 Before septic 501 812 20.5 3.28 421 703 22.3 3.46 
 Buffer tank 376 587 39.7 3.98 369 600 39.3 3.98
 Pond 382 606 29.2 1.95 229 376 9.71 1.95
June Raw GRW 481 973 11.0 2.20 498 917 18 11 
 Before septic 535 1014 28.50 3.70 526 937 37 4.60 
 Buffer tank 350 594 26.50 3.75 112 212 37.30 3.95 
 Pond 388 681 7.50 3.00 294 555 8.85 2.70 
Average raw GRW 457 906 11.6 3.23 520 798 11.4 5.74

June Mixed waste 
water 505 936 21.2 4.0 422 811 28.3 3.3 
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In the above table, the tested TP in May was the value of Phosphate. 

To compare with the mixed waste water (containing the toilet water), sampling was also 
taken place for the building in the Minsheng Residential Area. Results of the monitoring of 
the raw GRW are shown in Table 4-14. 

A comparison between the predicted GRW properties and that of the real situation is shown 
in Table 4-15. The GRW figures are the average between weekday and weekend. 

Table 4-15     Comparison of GRW properties between real and design (mg/L) 
 BOD COD NH4-N TP 
Real 489 852 11.5 4.49 
Designed 300 400 25 5 
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Figure 4-13    Comparison of BOD and COD between GRW and mixed waste water 
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Figure 4-14   Comparison of NH4-N and TP and COD between GRW and mixed waste 
water (the lower case 1 and 2 shows the weekday and weekend, respectively) 

From Table 4-14 and Table 4-15, it can be seen that the COD and BOD of the GRW are 
higher than the designed figures, which were adopted on the basis of an investigation report 
by the Massachusetts Department of Environmental Protection and the Bureau of Resource 
Protection in USA and some Swedish experiences. One of the reasons for the high COD and 
BOD of GRW in EETP is probably the small water consumption. According to an 
investigation on the water meter in the household carried out by a Tsinghua University 
student in April to May 2007, the daily water use in EETP was about 48L/person/day, only 
60% of that of the design. The flow measurement in August 2006 suggested the real water 
consumption is about 35 L/person/day in average. Many of the households stay in the flats 
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only part time. The main component of the GRW was kitchen water so the pollutant load was 
higher than usual. 

Comparison of the GRW with the mixed waste water is illustrated in Figure 4-13 and 4-14. It 
can be seen the difference between COD, BOD and TP is not so much but that of the NH3-N 
is high. The higher N content is due to the toilet water in the mixed one. 

6.3 The third phase monitoring 

Operation test of the treatment plant was started only when there is enough GRW flowing 
into the septic tank. It has not been realized until the end of May 2007 when the elevation of 
the last inspection well on the west GRW pipeline was corrected and the pipes have been 
cleared. The third phase monitoring started on June 15 2007 up to the end of December for 
monitoring the treatment results. 

Figure 4-15, 4-16, 4-17 and 4-18 show the COD curve of the buffer tank water (before 
treatment), COD, NH3-N curve and phosphate curve of the intermittent tank water (after 
treatment), respectively. 
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Figure 4-15    COD history curve of the buffer tank water July to December 2007 
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Figure 4-16   COD history curve of the intermittent tank July to December 2007 

The red line in Figure 4-15 and 4-17 indicates the upper limit (also the designed value) of the 
COD and phosphate concentration in the drainage water stipulated by the National Standard. 
The upper limit of the TP and NH3-N in the Standard is 25 and 20 mg/L, respectively. The 
monitored data of COD, NH3-N and phosphate (TP) of the intermittent tank water is showed 
in Table 4-16. It can be seen the level of phosphate and TN/NH3-N has been lower than the 
limit while the COD fluctuates up and down the limit. It means the treatment result has 
basically meet the demand but not yet been stable. Treatment of the GRW to the standard of 
reclaimed water needs further adjustment of the equipments. Besides, the automatic control 
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panel is also to be adjusted to make it properly operating. 
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Figure 4-17    NH3-N history curve of the intermittent tank August to December 
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Figure 3-18 Phosphate history curve of the intermittent tank water August to December 2007 

Table 4-16 Monitored data of COD, NH3-N and phosphate (TP) of the intermittent tank water 
Item 23-Aug 27-Aug 30-Aug 3-Sep 6-Sep 21-Sep 26-Sep 10-Oct 17-Oct 
COD 48.96 32.64 48.96 32.64 106.08 114.24 48.48 64.64 32.64 
NH3-N 6.41 3.59 1.474 2.244 6.603 1.45 1.859 0.962 3.589 
TP (PO-

3) 0.82 1.14 1.27 0.95 1.36  1.04 0.86 0.82 
 24-Oct 31-Oct 7-Nov 14-Nov 21-Nov 28-Nov 5-Dec 12-Dec 19-Dec
COD 130.56 97.92 32 128 64 112 88 176 95.04 
NH3-N 1.346 2.051 0.962 14.359 1.667 5.192 12.949 3.882 1.908 
TP (PO-

3) 2.18 2.54 2.59 2.36 2.73 2.95 3.09 2.36 2.27 
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7. GRW pipe system 

As mentioned before, the first 32 buildings were started construction in April 2005 and their 
main bodies were finished in November 2005. Meanwhile, the GRW pipe system has been 
started construction and installation and finished at the same time with the buildings. In 
January 2006, the first households have moved in the flats. However, some of the GRW 
pipes have not been buried underground with a sufficient depth to prevent freezing of the 
GRW as the design demands. Some households were suffered from blockage of the GRW in 
the pipe owing to the freezing problem. The GRW pipes have been reconstructed to be put 
at depth of 1.5m in the 2006 spring to summer. Then the last 10 buildings and the 
commercial center as well as the nursery school have been started construction in the 
summer to autumn. Due to the poor organization of the construction work, some of the GRW 
pipes and the inspection wells were damaged by the heavy construction machines. Besides, 
later it was found the elevation of the last section of the west trunk pipe has been installed 
higher than the design by about 1m, GRW from almost 30 buildings in the western part of 
HZK-S could not flow to the septic tank. All these problems have been fixed up only by the 
end of May 2007 thus much delaying operation of the GRW system. 

7.1 Design of the GRW piping system 

The GRW piping system is composed of indoor piping, out door piping and the inspection 
wells along the pipe. The indoor pipe is PVC drainage pipe with diameter of 50mm. the 
outdoor pipe is divided into branch pipe and the trunk pipe. Each stairway composed of 16 
flats has two outflow branch pipes; each drains GRW of 4 households. There is ventilation 
pipe extending above the roof for each indoor main pipe (two vertical pipes for each 
stairway). The outdoor pipe is also made of PVC with diameter of 100-200mm. The pipe 
slope is mostly coincided with the ground slope but has to be regulated to ensure the slope 
not less than 0.5% and enough depth of the pipe for preventing GRW being frozen. 
According to the topographic condition the piping is arranged in two ways, the east line and 
the west line. The east line collects GRW from 12 buildings and the west line collects the 
remained 31. The two lines meet at the well located south of the septic-buffer tank. In the 
trench for placing the pipes, plain concrete with thickness of 100mm was cast as the 
foundation of the pipe. The pipe is buried under the maximum frozen depth. 

The inspection well is installed at the point of converge of the pipe lines, change of the pipe 
slope and diameter, at the turn and every 30m of the straight pipe line. The well is built of 
brick with cement mortar pasted on the wall surface. The lower part of the well where GRW 
flows, semi-circular trough with radius same as the pipe is built to make a smooth connection 
of the inlet and outlet pipes. To avoid the odor from the well, the Swedish experts suggested 
an air tight cover but it was not accepted by DI because this kind of cover is not available on 
the local market. It was also because of not conforming to the usual way in China. The cover 
is made of nodular cast iron. 

7.2 Problems of GRW pipe installation 

During the operation the following problems on the GRW piping system have happened. 
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Staffs of the SPO and DPO have checked with DX for several times in 2006 and 2007 and 
these problems finally were settled or partially settled. 

1) Freezing of GRW in the outdoor pipe: it was owing to the pipe level higher than the 
maximum freezing penetration. This happened in the 2005 winter and was settled by 
deepening the pipe depth; 

2) Freezing of pipes including the GRW, urine and water supply pipe in some of the 
basement without any heating facility. This was settled by adding cotton made curtain at the 
entrance of the basement in 2006 winter. 

3) Collapse of some sections of the pipes and part of inspection well by the heavy machine 
due to the poor organization of the construction work. It was cleared during the 2007 spring. 

4) Blockage of the pipes in the inspection well with waste deposited by the household and 
sedimentation. It is necessary for the estate management staff to clean the well regularly. 
Some wells without cover was the main reason of deposited waste. Blockage was also due 
to the earth remained not being cleaned during construction. 

4) No connection trough or too shallow trough linking the inlet and outlet pipe as the design 
demands. The GRW simply dropped into the well and then flew outlet, causing retaining 
water 20-30cm deep in the well. The water will seep into the ground and cause pollution. 

5) The last section of the west pipe line had been installed lower than the water level in the 
septic tank. The pipes were re-installed in the May 2007. 
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Chapter V Problems in operation 

1. Odor problem 

Odor is the main problem that the project has faced from the first household moving in up to 
now. With the one and half year operation of the system, it was found that the odor problem 
was caused by many reasons and should be solved in an integrated way. Firstly, odor was 
from feces and/or urine and sometime also from the GRW system. Second, odor was due to 
the improper design and/or the poor construction and installation quality. Third, it was caused 
by the managerial factors and the users’ performance. Finally, odor was also from the 
psychological reason. 

The SPO and DPO have made many efforts to deal with the problem. Two overall 
questionnaire investigations to the households were held in 2007. Two ventilation consultant 
teams from the Inner Mongolia Poly-technique University and from the Beijing Aviation & 
Astronautics University, respectively, have been engaged to undertake the study on the odor 
problem. Up to July 2007, the situation has been much improved. However, still some 
problems remain and further study and improvement are needed. 

1.1 Odor from the feces system 

1) Ventilation system (refer to Ventilation system in Chapter II Section 4) 

− Improper arrangement of the vent piping system 

• Direct connection of the branch pipe from the chute caused sawdust and other objects 
deposited in the vent pipe thus blocking the air flow. This problem has been commonly 
found in the operation. The connection has been being changed to from the bin cover or 
from the sealed cabinet; 

• The fan was put at the end of the main vent pipe thus causing unevenly distribution of 
air flow among the four branch pipes. The closer the branch pipe to the fan was, the 
higher air flow the branch pipe had. The new arrangement is to put the fan in the middle 
and two branches at each side of the fan; 

• The air tightness of bin cover was not good enough and its parts were easily to be 
damaged (corroded). The cabinet was used to replace the bin cover; 

• The extending height of the air duct over the roof was not enough. When there is hard 
wind, the air pressure obstructs the air flow out causing odor in the toilet room. This is 
especially serious at the fifth floor where the upper end of the air duct is just located at 
the eaves of the roof. The consultant has advised to extend the air duct above the roof by 
1-1.5m. 

− Poor installation of the vent system 

• The fan was not firmly fixed on the basement wall causing vibration thus reducing the 
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efficiency and the air flow; 

• The alignment of the fan and the connection pipe was not on a straight line and bend 
and turn were put right after or before the fan causing additional resistance to the air flow; 

• There were too many turns on the piping causing additional resistance to the air flow; 

• Too many unnecessary flexible pipes were used also causing resistance; 

• In #1 to #4 Buildings the pipe with diameter of 75mm instead of 100 mm was wrongly 
used for the vertical air duct causing tripod higher resistance to the air flow than that of 
the 100mm air duct. The axial fans have to be changed to centrifugal fans. 

2) Managerial factor: there were many managerial factors causing odor. For example, 
installation of the fans for the 29 buildings finished construction in 2005 has been delayed for 
at least 5 months in 2006 causing many complains from the households, the contractor 
appointed by the local management was incompetent to fulfill a nice job, etc. 

3) Improper use of the users: the content in the feces bin was too wet owing to pouring too 
much water into the toilet by the households and the users thought odor can be mitigated by 
adding as much sawdust as possible and actually many of the sawdust deposited in the vent 
pipe. 

1.2 Odor from the urine system 

1) Improper isolation of the urine system from the environment 

− Lacking of odor prevention device for the urine drainage of the toilet and the urinal was 
one of the main reasons that caused urine smell. The “S” trap was installed on the drainage 
pipe of the urinal. The special designed odor trap developed by the Swedish experts was put 
on the urine drainage of the toilet. With these two devices, odor from urine is much reduced. 

2) Poor construction and installation quality 

− The urine drainage hole of the toilet did not aligned properly with the ground urine 
drainage. The gap was so large that it was very difficult to have a tight connection between 
these two drainage holes. Urine leaked out to the ground and caused strong smell; 

− Installation of the urine tank did not meet the demand of air tightness at all. The cover 
was not sealed with the tank wall. The end of the inflow pipes were not submerged in the 
liquid. Up to now there are two tanks in which the urine inflow pipe was not extended into the 
tank so the pipe cannot be submerged in the liquid. In urine tanks of the last finished 10 
buildings, pipes were not properly installed. 

− Leakage between connections of the pipes happened in many toilet rooms; 

− In the second east stairway of #3 Building, the upper end of the urine trunk pipe was 
wrongly connected to the air duct, causing strong upward ammonia gas from the urine pipes 
to the toilet room. It was doubted that the same situation may happen in other buildings. 

3) Managerial factor 
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Installation of the urine tank has been delayed by more than half year although the design 
was ready in Early 2006. Up to early September, there were at least 12 tanks out of 22 were 
not installed as the design. These tanks were open on the top, causing ammonia gas being 
sucked into the toilet room, especially when weather is changed. 

4) Users’ performance: although the urinal in EETP is non-flushing one, it still needs to clean 
with very small amount of water. For example, to use a sprayer to spray water and clean the 
urinal with a brush. 

1.3 Odor from the GRW 

The eco-station workers reported several times that the odor was also caused by the GRW 
drainage. When it happens, the households have used a plastic bag fill of water to cover the 
GRW drainage and eliminated the smell. In case the water supply broke down, which 
happens very often in DS, the GRW remaining in the “S” trap under the drainage causes bad 
smell. Failure of tap water in EETP might sometimes be 1 week. 

1.4 Results of the Consultant meeting on ventilation 

In September 2006, a consultant meeting attended by top scientists and engineers in China 
from the Heating & Ventilation Department of Urban Construction Design & Research 
Institute, Ministry of Construction, Architecture College of Tsinghua University, Environmental 
Science and Engineering Department of Beijing Aeronautics and Astronautics University, 
and the Inner Mongolia Poly-technique University was convened by SPO with the assistance 
of DPO. The main suggestions from the experts were as follows. 

1) On the Urine System  

After site investigation, experts believe that the odor in the toilet room was mainly from urine. 
Advices on preventing urine odor are:   

− The top part of urine tank has not been sealed and the urine inflow pipe not submerged 
in the liquid was the major reason causing odor in toilet room. It was advised to:  

• Seal the top of urine tank; 

• Put the urine inflow pipe under the liquid either by placing the outlet of inflow pipe lower 
than the inlet of suction pipe or just put the outlet of inflow pipe in a bucket. 

− Install an “S” trap underneath the urinal. The trapped water should have enough quantity 
to prevent from drying up by evaporation or be no less than 5 cm.  

− The paraffin sealed odor trap or a water based trap to isolate urine at the urine drainage 
of the toilet should be tested and installed as soon as possible.  

− Cleaning of the urinal using small amount of water, for instance, by spraying water and 
brushing should be taken. 

2) On the faeces system  

− The original ventilation design air flow rate of 150m3/hr and air pressure of 150 Pa is 
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reasonable. It is advised to conduct on-site testing and data of the actual flow rate can have 
positive effect on the users’ mentality.  

− Suggestions on improving the effects of ventilation system 

• To check and improve the sealing performance of the plastic foam for the bin cover and 
to prevent from improper positioning of bin cover on to the bin  

• The air leakage under the faeces bowl in the toilet has great impact on the ventilation 
efficiency and should be avoided. For example, the void between steel cylinder and the 
chute must be sealed. Poor installation caused leakages on the pipe joints should be 
checked and stopped.  

− Pay attention to mitigate the pressure imbalance of the four branch vent pipes, which 
may cause odor in some households. 

− Avoid putting a bend right after the fan, which may lower the ventilation efficiency. The 
length of straight pipe before and after the fan outlet should be no less than five times of the 
pipe diameter.  

− The air duct should be extended above the roof or to install a wind hood on the duct.  

− As for removal of feces turning bowl, the air velocity at the faeces hole will be too low to 
prevent the odor emitting into the room. The requirement for air velocity should reach 1 m/s. 
In case of cancelling the bowl for some reasons, a lid is necessary to cover the faeces hole.  

− Use the sealed cabinet to replace the bin cover for containment of the feces bin would 
improve the sealing performance and be convenient for operation. Experts encourage 
carrying out trial. 

− Experts do not favour to adopt the natural ventilation that is not sufficient in the EETP 
case. Mechanical ventilation should be the primary choice.  

− Experts suggest that measures to improve the environment in the basement should also 
be taken into consideration. 

3) Some of the experts point out the possibility of cross contamination among households in 
the current ventilation system. For this, monitoring and research work are necessary. 
However, at the moment, the priority is to solve the odor problem. 

4) Experts think to enhance the managerial proficiency and to strengthen the training of the 
operators of the system have the same importance with improving the system. 

Some of the experts suggestions have already been put forward by SPO in many memos or 
notices and some have been partly implemented. 

1.5 Investigation to the households 

In January and April 2007, two questionnaire investigations have been carried out by SPO 
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and DPO.  

1) Investigation in January 2007 

The investigation was carried out from Jan. 16 to 18 2007. A total of 221 answers were 
received. Among them, 30 households stay in the #1 to #4 Buildings; the households live in 
first to fourth floor amount to 78, 54, 43 and 46, respectively. Their answers were as follows. 

Question 1: Whether the odor exits in your toilet room or not? 

Answers: “Yes” 66.8%; “No” 33.2%. 

Question 2: How serious is the odor problem? 

Answers: “Serious” 13.9%; “Not serious but often exists” 29.2%; the others answered: 
“Exists when weather is bad”, “Occasionally” or “No”. 

The households in #1 to #4 answering “Odor exists” and “Serious odor” amounted to 76.7% 
and 20%, respectively, higher than the average of HZK-S. This perhaps was due to the vent 
air duct has smaller diameter in #1-#4 Buildings and thus smaller vent flow. 

Households living in 1st to 4th floor answering “Odor exists” amounted to 56.2%, 67.3%, 
83.3% and 67.4%, respectively. Households answering “Serious odor” in 1st to 4th floor 
occupied 9.3%, 13.5%, 23.8% and 12.8%. 

Question 3: Whether the odor is from urine or from feces? 

Answer: 41.3% answered “Cannot identify”; in the others, about half answered “From both” 
and answer of “Urine” and “Feces” amounts 1/4. 

Question 4: What is the source of odor? 

Answers: “Cannot identify” 56.7%; “From feces hole of toilet” 19.2%; “From urine hole of 
toilet and urinal” 24% 

Question 5: Any improvement after installing fan? 

Answers: “Evidently improved” 50.2%, among this 37.9% stay in #1 to #4 buildings; 
“Improved but not evidently” 40.7%, among this 51.7% stay in #1 to #4 Building, “Little 
improvement” and “No improvement” 8.6%; one household answered “Worse than before” 
(Room 106 of east stairway, #31 building) 

Question 6: Any improvement after installing odor trap in the urine hole of the toilet? 

Answers: “Evidently improved” 41.4%; “Improved but not evidently” 45.8%; “Little 
improvement” and “No improvement” 12.3%; one household answered “Worse than before” 
(Room 202 of west stairway, #25 building) 

Question 7: Any improvement after installing “S” trap under the urinal? 

Answers: “Evidently improved” 46.1%; “Improved but not evidently” 42.7%; “Little 
improvement” and “No improvement” 10.2%; two households answered “Worse than before” 
(Room 102 of west stairway, #28 Building and Room 402 of west stairway of #3 Building) 
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Question 8: Does weather affect odor? 

Answers: “Did not pat attention to” 18.8%; “Evidently affects” 39.6%; “Not evidently affects” 
27.5% 

Question 9: Which kind of climate event affects? 

Answers: “Did not pay attention to” 36.7%; “Hard wind” 38.2%; “Hot day” 22.2% 

Question 10: If the fan noise influences your sleep? 

Answers: “Yes” 40.7%, among it, “Seriously” 11.7% and households in 1st to 4th floor 
amounted to 43.8％，32.7％，31.7％，53.5％; “No” 59.3% 

The detailed statistics of the investigation can be found in Annex 5-1. 

2) Investigation in April 2007 

The investigation was taken place in April 2007. In total, 358 households gave the answers 
for questionnaire. 

Question 1: If odor exists in your toilet room? 

Answers: “Yes” 51.4%; “No” 48.6% 

Question 2: How often has odor happened? 

Answers: “Often” 28.3%; “Occasionally” 71.7% 

Question 3: How serious has odor been? 

Answers: “Serious” 18.2%; “Not serious” 31.8%; “Sometime serious sometime not” 50% 

Question 4: Source of odor 

Answers: “From GRW drainage”: 9.78% of the 358 repliers; “From urinal”: 13.7%; “From 
toilet feces hole” 43.6%; “From toilet urine hole” 22.6% 

Question 5: Odor versus weather 

Answers: “Reduced in fine day” 2.8%; “Heavy in rainy or overcast” 18.5%; “No effect” 28.5% 

Question 6: Does urine crystallization happen in the “S” trap of urinal? 

Answers: “Often happens”10.6%; “Not often” 9.2%; “Did not happen” 62.8% 

Question: Does urine crystallization happen in the odor trap of toilet urine hole? 

Answers: “Often happens”12.6%; “Not often” 19.6%; “Did not happen” 52.2%  

3) Investigation by Madam Ren 

Madam Ren, a social worker for the EETP. The following is her brief report for her 
investigation to the families. 

From 8 May to 21 May 2007, Ren has visited 85 families, among which, 35 families (41.1%) 
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complained odor problem often happened, 6 families (7％) said odor happened often but not 

seriously, 18 families (21％) said “odor happened occasionally”，and 11 families (13％) 

complained “serious odor”. Odor in 3 families has been eliminated after changing bin cover 

to sealed cabin. Eight families are satisfied with the eco-toilet.  

Among ten families that have complained serious odor problem, 2 households were found 

the urine vent pipes were wrongly connected to the vent air duct. After correction, the 

problems were solved. The main and/or branch vent pipes of three families were found 

blocked with plastic bags and sawdust. In one family, the outlet of the air duct was at the 

level of roof eaves. The smell was bad when hard wind blew. One family had strong urine 

odor and later it was found there existed leakage of urine pipe in the upper floor. For the 

other 3 families, Ren said she did not find odor when she visited. The families said in some 

cases like hard wind blows or bad weather the odor happens.  

From Ren’s finding, it seems most of the serious odor cases are due to poor installation or 

system defects and can be solved with knowledge known so far. More about Ren’s work can 

be referred to her paper on the International EETP Workshop held in DS on August 31. 

(www.ecosanres.org) 

1.6 Results of air quality tests in the toilet room 

The concentration of ammonia gas was taken as indicator of the air quality in the toilet room 
and in the basement. Test of the ammonia concentration is followed the “Testing method of 
chlorine for air quality with sodium hypochlorite – sodium salicylate spectrophotometer” 
(GB/T14679).  According to the “Standard of indoor air quality” (GB/T 18883-2002), the 
maximum indoor chlorine concentration averaged in 1 hour is 0.2 mg/m3. 

Table 5-1 shows the change of chlorine concentration after system improvement. 

Table 5-1    Change of chlorine concentration after system improvement (unit: mg/m3) 
Date of test Chlorine concentration 

Location System improvement 
Before After Before After 

#28 mid-west 
basement  

Bin cover changed to 
sealed cabin 

13-10-2006 20-05-2007 0.583 0.191

#28 east 
basement 

Bin cover changed to 
sealed cabinet 

13-20-2006 20-05-2007 1.134 0.221 

Room 304 #3 Improve vent piping 13-10-2006 08-04-2007 0.45 0.176
#4 west-1 
basement  

Improve the fan 13-10-2006 09-04-2007 0.724 0.294

Room 305 #28 Improve the fan 14-10-2006 07-04-2007 0.526 0.225
Room 104 #4 Add “S” trap + odor trap 14-10-2006 20-05-2007 0.818 0.171
Room 304 #4 Add ”S” trap + odor trap 14-10-2006 07-04-2007 0.484 0.207
#28 Bldg west 
basement  

Integrated improvement 13-10-2006 08-04-2007 0.283 0.035
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Table 5-2 shows some changes happened after improvement but the result could not meet 
the National Code. 

Table 5-2     Chlorine concentration change after system improvement 
Location of test Cl concentration at 06.10 Cl concentration at 06.10 

Room 101, #10 Bldg 0.583 0.459 
Room 201, #10 Bldg 0.422 0.414 
Room 402, #10 Bldg 0.785 0.404 

West-2 basement 4#Bldg  0.889 0.314 
Room 103, #4 Bldg 0.422 0.389 
Room 304, #4 Bldg 0.484 0.414 

Room 205, #28 Bldg 1.389 0.304 
Room 305, #28 Bldg 0.526 0.449 
Room 306, #28 Bldg 0.587 0.414 

From the questionnaire investigation described in Paragraph 1.5 of this chapter, it can be 
seen that from January to April 2007, percentage of households answering “Odor exists” 
decreased from 66.8% to 51.4%. Madam Ren’s family visit also showed the measures taken 
for mitigating the odor problem were effective. General speaking, the odor problem in EETP 
has been improved significantly.  

The author and the SPO colleagues have visited the households for many times. An 
interesting phenomenon is when we came to the household right after receiving an urgent 
call complaining “serious odor” occurred we actually did not find any bad smell or only a 
slight one. The household would then explain it “do smell very bad sometime but not now”. 
This has happened for many times. It seems to us that the odor problem has been 
exaggerated by some households in purpose and taken as reasons for changing the dry 
toilet into the flushing one. Acceptance of the eco-toilet by the households is a big problem 
that has definitely a negative impact on the evaluation of the eco-toilet on many aspects 
including the odor problem. 

2. Flies in the feces bin 

In June 2006, the workers reported that there were many flies in the feces bin and in the 
basements. Some even flew through the chute into the rooms. The reasons of it were: 

− Very wet content in the bin due to pouring water into the bin by the households; 

− Bad environment around the buildings in HZK-S. The solid wastes were deposited 
everywhere that became the breeding place for the flies; 

− The basements were not well closed and the flies flew inside to find a place that was 
cool and can provide food for them and became an additional breeding place. 

Figure 5-1 is a picture showing the flies in the bin. 

Several measures were taken: 

− Spray pesticide named dimethyl-dichlorovinyl-phosphate (DDVP) diluted with about 
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1000 portion of water in the basement and in the bins to kill the flies; 

− Improve the health condition around the basements; 

− Educate the households to use the toilet properly, especially tell them not to pour water 
in the toilet; 

− Add screen curtain on the basement door to prevent the flies flying in. 

After the above measures, situation 
was much improved. In 2007 
summer there still were some flies 
in the basement but has not been a 
big problem. The amount was much 
less and the problem can be easily 
controlled. In the sealed cabinet 
flies were much less than that in the 
basement using the bin covers. 

 
Figure 5-1 Flies in the bin 
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Chapter VI Research and Development 

According to the Project Document the EETP is a research and development (R&D) project. 
Before 2006, the project was mainly concentrated in the project preparation and the building 
and eco-station construction. During this period, some research and development have 
already been started, such as the development of eco-toilet, GRW treatment, ventilation 
study, etc. The overall R&D activities started from the beginning of 2006, mainly including the 
economy evaluation of EETP, agriculture reuse of human excreta, ventilation study and R&D 
aiming at improvement of feces and urine system. 

1. General introduction of the R&D programme in EETP 

Preparing the R&D programme started from September 2006. In his proposed framework for 
R&D, Uno Winblad, the Senior Advisor of EETP put forwarded an outline of the studies 
required, grouped under the headings of Social, Technical, Cost, and Policy studies. It 
became the base of the later formed R&D programme. In November 8 2005, Uno Winblad, 
Xiao Jun and Zhu Qiang jointly submitted the proposal on R&D programme (see Annex 6-1). 
It was approved in January 2007 and the final programme can be found in Annex 6-2. The 
R&D programme contains the main activities of the R&D, including 

− Social study: baseline study and observation and questionnaire studies of users’ and 
staff members’ opinions about the eco-toilet system; 

− GRW study: monitoring and study of the GRW system performance and feasibility of 
reducing running cost, experiment on different options of GRW treatment; 

− Feces system study: study on the performance of the feces system, composting study, 
development and testing of single chute system, observation of bin cover and the ventilation 
study; 

− Urine system study; observation and monitoring of the urinal and urine tank 

− Study on recycling composting product and urine for agriculture use: study on the effect 
of using compost product and urine as fertilizer (field and greenhouse); comparison of 
composting production and urine with chemical fertilizer and with animal manure in base and 
top applications and impact of long term utilization of urine on the soil salinity; 

− Economic evaluation of ecosan system as compared with conventional sanitation 
system; 

− Environment impact assessment; 

− Policy study; 

− Managing information system. 

The programme also contained the organization of the R&D and proposed steps to initiate 
the programme. Later on the budget of R&D programme was also proposed and finalized. All 
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the costs for R&D are to be undertaken by SEI. 

In December 5 2005, SPO has issued a notice to relevant institutions mainly in north China 
asking for tendering the study project on economic evaluation of ecosan system. The 
Environment Science and Engineering Department of the Tsinghua University has submitted 
the proposal on this study and got the tender.  

In March 2006, a contract between the Erdos Soil and Fertilizer Station and SPO was signed, 
formulating the agriculture reuse of compost and urine. The project has been started from a 
training course for the local farmers on the effect of using human excreta as fertilizer on 
agriculture production undertaken by the DS Agriculture Extension Service Center. In 2006 
field test on the effect of using compost and urine on yield of corn and potato has been 
carried out. In 2007, testing has been extended to the greenhouse. 

The ventilation study actually started from mid 2005 with a contract between the Inner 
Mongolia Poly-technique University and SPO. The contract finished in February 2006. In 
September 2006 another one-year contract between the Beijing Aviation and Astronautic 
University and SPO was signed and implemented. The process and main results of the 
ventilation study were in the above sections and will not be introduced in this chapter. 

The GRW monitoring started in June 2006 as described in the above section. It will not be 
included in this chapter. 
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2. Economic evaluation of ecosan system in EETP 

The study project titled “Economic evaluation of ecosan system in EETP” has been 
undertaken by the Environment Science and Engineering Department of the Tsinghhua 
University. The team leader for the study was Associated Professor Dr. Zhou Lv. The 
contract attached with the outline of the study was signed on February 27 2006. The drafted 
report of the study was submitted to SPO in September 2006. The senior advisors of EETP 
have listened to Prof. Zhou introducing the main results and provided comments. The 
modification included revision of the basic data on the investment, O&M cost and the 
benefits of both ecosan and conventional alternatives. The data update was done by SPO 
and it took quite a long time to finish. After commenting from the SPO senior advisors, the 
final report (Chinese version) was finished and submitted to SPO in October 2007 for review. 

2.1 Main content of the study 

The outline of the study is quoted here. 

1) Objectives and expected outcomes 

A. Objectives: Taking the EETP as case study, compare the ecosan and conventional 
sanitation system from the economic point of view and provide the feasible policy 
recommendations. 

B. Expected outcomes 

− Provide the investment and O&M cost as well as the benefit of both the ecosan and 
conventional sanitation system 

− Based on the evaluation and analysis of the environment impact, provide the 
environmental cost and benefit for the two systems 

− Based on the summary of the above analysis and comparison, provide policy 
recommendations 

2) Methodology of the study 

A. Take the toilet, water supply, waste water treatment and the solid waste management as a 
whole system, compare the cost and benefit on comprehensive basis 

B. Involve the environment cost and benefit into the economy evaluation 

C. Adopt the internationally common method for economy evaluation under the concept of 
sustainable development 

D. Study the feasibility, adaptation and the practical effect of the ecosan and conventional 
sanitation alternatives according to the local condition 

E. Extend the results from EETP to larger scale, for example, to a town with population of 
30000 -40000  

3) Main content of the study 



 83

A. Analysis of the investment, O&M cost and benefit of the ecosan and conventional 
sanitation alternatives and the environmental cost and benefit produced by the four material 
flows (feces, urine, GRW and solid waste) for the two systems. (It was agreed that SPO will 
provide the costs and benefit of the ecosan system in EETP, and that for the conventional 
alternative will be estimated by the team) 

B. Study on the methodology of the economic evaluation taking the environment cost and 
benefit into consideration 

C. The policy study for promoting ecosan 

4) Organization of the study (omitted) 

5) Work plan: total 240 man-days will be needed 

6) Budget (omitted) 

2.2 Cost and benefit of the ecosan system in EETP 

The cost and benefit of the ecosan system in EETP was provided by SPO. Most of the 
investment costs were calculated by the Erdos Yitai Cost Audit Agency (authority accredited). 
Part of the O&M costs was estimated according to the real situation and part of it and the 
benefit was estimated with the assumption that the system is operated normally.  

Table 6-1 lists the estimated cost and benefit for the EETP. In the table, the investment 
includes 5 components. The civil works of the basement in EETP has basically two types: 
the corridor type in #1 - #4 Buildings and the separated basement type in the other buildings. 
In #1 - #4 buildings, the corridor links all basements and only one outlet is necessary. Work 
amount and the cost of this kind of basement arrangement are much larger. The basement 
investment cost per household is about 12462 RMB while the separated basement costs 
5819 RMB. Actually, the basement cost occupies about 60% of the total toilet cost. The 
arrangement of the toilet room and basement in building plan has been improved by placing 
the toilet room by the out wall so that the outlet of the basement can be shortened. The cost 
of the improved arrangement is 4408 RMB per household, reducing the toilet investment 
by15.7%. In China, many of the multi-storey buildings have basement floor for the household 
storage. If the bin room is just a part of the basement floor then the unit cost can be only little 
higher than the building average, which in EETP is about 1000 RMB/m2. While to build a 
separate basement room for the bin containment the unit cost for such a basement will be 
much higher, in EETP it is about 3580 RMB/m2. There seems a big potential to reduce the 
cost if the arrangement of the basement and the bin containment can be improved. 

It can also be seen that in EETP cost of the eco-toilet per household is about RMB 9272 
(including the basement and the outdoor urine system). If the arrangement is improved the 
cost per household for eco-toilet is RMB 7861. If considering the additional space of 0.8m2 
for placing the chutes in the toilet room averaged for different floors then the extra cost is 
about 1000RMB per household. While the conventional toilet (toilet plus indoor drainage 
pipe) costs less than RMB 1500. In case the bin room is part of the basement floor then the 
eco-toilet cost per household can be reduced to RMB 5000, still about 3 times of the 
conventional toilet cost. 
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Table 6-1                                                   Estimated cost and benefit of EETP 
No Item Basis Unit Cost/benefit 
1 Investment 11046710 

(9872758)
1.1 Eco-Toilet and indoor urine system   8981(7570)
1.1.1 Real cost of the basement civil works and 

electricity 
Audit data Per hsld 5819

1.1.2 Cost of basement civil works and electricity 
after improved arrangement 

Audit data Per hsld (4408)

1.1.3 Sub-sum: cost of ecosan system manufacture 
and installation 

Per hsld 3162

1.1.3.1 Seating eco-toilet Actual cost Per hsld 500
1.1.3.2 Urinal Actual cost Per hsld 70
1.1.3.3 S trap and odor trap Actual cost excluding model cost Per hsld 26
1.1.3.4 Chute 6.5m×90/hsld in average (actual cost) Per hsld 585
1.1.3.5 Bin Actual cost Per hsld 300
1.1.3.6 Sealed cabinet 2900 per basement,devided by 4 (actual cost) Per hsld 725
1.1.3.7 Fan 300 each, divided by 4 (actual cost) Per hsld 75
1.1.3.8 Vertical air duct (PVC Diameter 110) 776∼906 per 4 households (audit data) Per hsld 205
1.1.3.9 Vent branch pipe 800 per basement (audit data) Per hsld 200
1.1.3.10 Electrical equipment in the basement 250 per basement (audit data) Per hsld 62
1.1.3.11 Indoor urine pipe system 407∼425 per household (audit data) Per hsld 416
1.2 Outdoor GRW pipe system Total cost 526578/832hsld (audit data) Per hsld 633
1.3 Outdoor urine pipe system and 22 tanks Total 242334/832 (audit data) Per hsld 291
1.4 GRW plant including septic-buffer tank Audit data, actual paid Total cost 985531
1.5 Post treatment pond Audit data, actual paid Total cost 617000
1.6 Ecostation 1203219
1.6.1 Composting plant Audit data, not yet accepted by contractor Total cost 167152
1.6.2 Solid waste Audit data, not yet accepted by contractor Total cost 110391
1.6.3 Management building Audit data, not yet accepted by contractor Total cost 221418
1.6.4 Access road Audit data, not yet accepted by contractor Total cost 172775
1.6.5 Fence Audit data, not yet accepted by contractor Total cost 54267
1.6.6 Gate Audit data, not yet accepted by contractor Total cost 11345
1.6.7 Others Audit data, not yet accepted by contractor Total cost 335871
1.6.8 Greening Contract budget Total cost 130000
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2 Equipment cost: urine suction truck, bin 
transport truck 

Actual paid Total cost 234000

3 O&M cost sub-sum 310600
3.1 Salary According to Uno's proposal in 05/16/2007, 

number of workers is 10. Salary is taken as 
1200/month  

Yearly cost 144000

3.2 Electricity and fuel Estimated 127796
3.2.1 Fan 36w×188＋90×20＝8568w，Operated 24 hr，

industry price 0.493/kWhr 
Yearly cost 37002

3.2.2 Lightning 100w/basement, 1 hr/day Yearly cost 432
3.2.3 GRW plant  See note below Yearly cost 33348
3.2.4 Composting plant (only lightning) 1kw for 2hr/day,2×365×0.493 Yearly cost 3959
3.2.5 Rent fee for composting field,labor Rent fee 13000, labor 14400 Yearly cost 27400
3.2.6 Suction truck fuel Estimation Yearly cost 18000
3.2.7 Bin transport truck fuel Estimation Yearly cost 7655
3.3 Others 38804
3.3.1 Bacteria additives for compost Qnty=0.3% of compost product, 1/3 procured 

2/3 breeding, 56 RMB/kg total cost = 
230×0.80×0.003×1000/3×56 

Yearly cost 10304

3.3.2 Sawdust In normal operation, adding rate 1:1 
(sawdust :feces), qnty＝3000×50/1000＝150 
cum,190 RMB/cum, 28500 

Yearly cost 28500

4 Direct benefit 96400
4.0.1 Equivalent value of fertilizer with same NPK of 

compost product and urine 
Agriculture consultant estimated  66000

4.0.2 Reclaimed water Economic evaluation consultant estimated: 
1yuan/m, 1/3 reclaimed  

 30400

Note: Estimation of electricity for GRW operation: Pump in buffer tank 18hr/day, 1.5kW each, yearly cost = 1.5kw×8760×0.493×3/4 = 4859. Blower operates 
24hrs/d, yearly cost = 24hr/d 5.5kw×8760×0.493 = 23752. Recycled water 1/3 GRW, pump capacity 15m3/hr, 4kW yearly cost = 4kW×6×365×0.493 = 4317. 
Mixer and agent adding 2 hr/day, yearly cost = 3.5kw, 3.5×2×1/3×365×0.493 = 420  
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In Table 6-1, the O&M costs were estimated according to a normal situation. For instance, 
actual number of the workers currently for the ecosan system is twelve. But according to 
calculation, in normal case the necessary number of the workers may only be 10. The 
electricity and fuel are estimated also according to the normal condition. For the direct 
benefits, only the income from the compost and urine used as fertilizer as well as the 
reclaimed water are taken into consideration. 

The final report of the economic evaluation study has been completed in October 2007 and 
submitted to SPO for review. The lists of items of investment, O&M cost and the benefit for 
the ecosan and conventional sanitation systems taken into account in the economy 
evaluation study are compared in Table 6-2. 

The commonly used method for economic evaluation was adopted in the study. The social 
discount rate was taken as 8%, based on the recently modified China National Code. The 
“Economic present net value (EPNV)” was taken as the evaluation criterion. When EPNV >0 
then the alternative is economically feasible. The calculation period was taken as 20 years 
after the construction phase. The results for EETP and for the scale extended to 10,000 
households (population of 35,000) are shown in the following table. 

Table 6-3                 Result of economy evaluation 
Alternative Ecosan Conventional 

EPNV (RMB) for EETP 796,240 −2,510,212 
EETP (RMB) for scale of 10000 households 39,600,691 -36,314,318 

We can see the EPNV for both scale of EETP and the enlarged scale is greater than zero 
while EPNV of the conventional alternative for both cases is negative. Therefore the ecosan 
alternative is economically feasible while the conventional alternative is unfeasible. 

The report also provides policy recommendations. They are: 

− Issue favorable policy to promote ecosan 

• Formulate reasonable price of water supply (including the waste water treatment), 
enhance the awareness of population on the water saving; 

• Improve the regulation on the water right and drainage right and the rights of 
transfer; 

• Encourage the agriculture reuse of human excreta; 

• Promote the ecosan development by supporting R&D and issuing favorable policies 
(reduction/waiving of fees, land cost and tax). 

− Formulate feasible development plan for ecosan and technical standard 

• Formulate ecosan development plan that is concerted with the real situation of the 
existing municipal sewage facilities; 

• Formulate technical standard and code (material used and technology). 
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Table 6-2         The cost of investment and O&M and the benefit for alternatives of ecosan and conventional sanitation 
Ecosan system Conventional system No. Item Value Item Value 

I Investment  Investment 4,325,559

1.1 Cost of basement civil works and electricity after 
improved arrangement 3,667,456 None 

1.2 Eco-toilet system and installation cost sub-sum 2,610,816 Toilet system sub-sum 4,325,559

1.2.1 Toilet 416,000 Toilet, indoor and outdoor drainage piping in the 
neighborhood and installation cost 2,620,800

1.2.2 Urinal 58,240  
1.2.3 Chute 486,720  
1.2.4 Feces bin 249,600  
1.2.5 Sealed cabinet 603,200  
1.2.6 Fan 62,400  
1.2.7 Vent air duct and main pipe 170,560  
1.2.8 Vent branch pipe 166,400  
1.2.9 Electric equipment in the basement 51,584  
1.2.10 Urine indoor system 346,112  
1.3 Outdoor GRW piping system 526,656 Municipal sewage pipe 375,309
1.4 Outdoor urine piping system and urine tank 242,112  
1.5 GRW treatment plant and the pond 985,531 Waste water second grade treatment plant 339,565
1.6 Eco-station 968,109  
1.6.1 Composting plant 167,152  
1.6.2 Solid waste station 110,391 Sludge treatment and burying facility 679,382
1.6.3 Management building 221,418  
1.6.4 Access road 172,775  
1.6.5 Fence 54,267  
1.6.6 Gate 11,345  
1.6.7 Others 100,761  
1.6.8 greening 130,000  

1.7 Equipment procurement: urine suction truck, bin 
truck, etc 234,000  

1.8 Land cost 227,273 Land cost for waste water treatment plant and solid 
waste burying 116,329

1.9 Other costs 26,108 Other costs 152,861
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1.10 Circulation cost 94,687 Circulation cost 41,314
II O&M cost 895,580 O&M cost 418,471
2.1 Salary 144,000 Salary 23,851 

2.2 Electricity, fuel and agent for GRW and reclaimed 
water 

119,191 Waste water treatment 48,425 

  Solid waste transportation 7,674 
  O&M cost for solid waste burying 34,533 
2.3 Other materials (bacteria additive, sawdust, etc) 38,804  
2.4 Depletion cost 459,972 Depletion cost 207,627
2.5 Repair and maintenance 133,613 Repair and maintenance 96,361
III Benefit Benefit 
3.1 Direct benefit 510925 Direct benefit 258,896
3.1.1 GRW treatment income 34,470 Waste water treatment income 68,024
3.1.2 Reclaimed water income 27,145  
3.1.3 Compost product and urine income 66,000  
3.1.4 Residual value of estate  383,310 Residual value of estate 190,872
3.2 Indirect benefit Indirect benefit 340,419

3.2.1 
Investment reduction for construction of waste 
water and solid waste treatment (waste water 
reduced by 40%, solid waste amount also reduced)

1,690,238  

3.2.2 Investment reduction for water supply construction 
(water supply amount reduced by 40%) 376,320  

3.2.3 Reduction of cost of environment deterioration due 
to water pollution 202,942 Reduction of cost of environment deterioration due to 

water pollution 340,419

3.2.4 Reduction of solid waste and sludge 34,470  
3.2.5 Reduction of cost for waste water treatment O&M 29,188  

3.2.6 Water saving benefit (saved water amounts to 
34340 m3) 947,762  

3.2.7 Increase of agriculture production 10,000  
Note: 1. The terms and correspondent value listed in the above table is from the Report on Economy Evaluation of EETP;  

2. In the indirect benefit of the ecosan alternative, items of “Reduction of investment for construction of waste water and solid waste treatment” 
and “Reduction of investment for water supply construction” are occurred in the initial (construction) period. The other benefits are yearly benefit, 
which value depends on the percentage of households staying in the neighborhood. 
3. The sub sum of O&M costs of the conventional sanitation alternative was corrected from the Report.  



 89

3. Research on the agriculture use of compost and urine 

3.1 General description 

The institution assigned by the SPO for the research on the agriculture use of the compost 
product and urine is the Erdos Soil and Fertilizer Station (ESFS) and the DS Agriculture 
Technology Extension Service Center (ATESC). The team leader is Mr. Liu Zhong, Director 
of the ESFS. The contract with title of “Contract for R&D on the agriculture use of the 
compost, urine and reclaimed water” signed between ESFS and SPO in March 2006 
stipulated the main activities and the expected output as follows: 

1) Research on the methodology for composting of human feces and kitchen organic waste 
and on the additive for nitrogen conservation in urine; 

2) Testing of the nutrients in the compost products and urine; 

3) Research on the agriculture use of compost product and urine in the field and 
greenhouse; 

4) Impact of long-term use of urine on the soil properties and the counter measures; 

5) Experiment study on the coupling effects of using compost and urine as fertilizer and 
irrigation with reclaimed water on the crop yield and quality; 

6) Test on the basin cultivated vegetables with compost and urine as fertilizer; 

7) Demonstration/training of agriculture compost and urine reuse. 

A detailed outline in Chinese for the R&D work has been attached to the Contract. 

Implementation of demonstration/training programme started in 2005 winter to 2006 spring. 
The DS ATESC conducted 15 training courses for about 300 local farmers around the DS 
city explaining the benefit of using sanitized human urine and feces as fertilizer. Figure 6-1 
shows the training for the farmers in January 2006. 

  
Figure 6-1 Training local farmers on benefit of using human excreta as fertilizer 

In 2006 and 2007, tests on the effect of using compost and urine as fertilizer on the yield of 
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the field corn and potato have been conducted. Report in Chinese on the tests has been 
submitted to SPO.  

3.2 Tests of corn and potato field in 2006 

1) Corn field test 

The experiment was carried out at the Demonstration Station for Agriculture Water Saving of 
the Soil and Fertilizer Station of Pojainghai Township. The soil is sandy loam with depth of 
more than 1m. Combination of 4 application amounts of compost and urine was tested. The 
four application amounts of compost were 0kg (mark of “0”), 7500kg/ha (1), 15000kg/ha (2) 
and 22500kg/ha (3). The four application amounts of urine were 0kg (a), 6000kg/ha (b), 
9000kg/ha (c) and 12000kg/ha (d). The compost was applied together with the seeding. The 
urine was applied together with irrigation water, which was applied through the drip lines 
during the jointing (July 23) and heading (August 4) period of the corn growth. To compare 
with the conventional fertilizing practice, 22500 kg/ha of manure plus 1200kg/ha of 
ammonium bicarbonate and 50 kg/ha of ammonium dihydrogen phosphate were also 
applied as reference (CK). The corn was planted in 20 plots with the above applications as 
shown in Figure 6-2. Each plot was 10m by 5m. 

 

Figure 6-2    Layout of the experiment plots 

The corn was seeded on May 9 and harvested on September 30. The yield of each plot was 
then weighed. The results are shown in the following table. 

Table 6-4 Yield (kg/ha) of different compost/urine application and conventional practice  
 Application amount kg/ha Urine 0 Urine 6000 Urine 9000 Urine 12000
Compost 0 5960 6630 6660 7480 
Compost 7500 7340 7950 8350 8950. 
Compost 15000 7910 8370 8890 9410 
Compost 22500 8400 9310 9670 9990 
CK 9128 

From the table it can be seen that if no compost is applied, the yield increase comparing with 
and without urine application is about 0.127kg product per each kg of urine in average. If no 
urine application then each kg of compost made up 0.108kg of yield increase. Application of 

0a 1a 2a 3a 

0b 1b 2b 3b 

0c 1c 2c 3c 

0d 1d 2d 3d 

CK
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6000 kg/ha of urine plus 22500kg/ha of compost or 12000 kg/ha of urine plus 15000kg/ha of 
compost can produce about the same yield with the local practice. The following table is a 
comparison of the efficiency of yield increase with different nutrients. It can be seen that CK 
has higher or same NPK content than the alternatives applying compost and urine, but the 
yield was lower and the nitrogen efficiency was the lowest. It is apparent that the human 
excreta has more efficient nutrient than the conventional fertilizer in enhancing the crop yield.  

Table 6-5     Nutrients produced by different applications and the yield efficiency 
Application amount Correspondent nutrient kg/ha 

No 
Urine Compost N P2O5 K2O 

Yield 
Yield increase
per nitrogen 

2d 12000 15000 216 91.9 87.2 9410 15.97 
3b 6000 22500 219 109.05 105.9 9310 15.30 
3c 9000 22500 249 116.85 117.4 9670 14.90 
3d 12000 22500 279 124.65 128.8 9990 14.44 
CK Conventional 357 109.50 103.5 9130 8.88 

2) Potato field test 

The potato test was conducted on the same place. Owing to the characteristics of potato, 
only the compost was applied during the seeding and urine was not used. Four applications 
of compost were tested, namely, 0kg, 15000kg/ha, 30000kg/ha and 45000kg/ha. A 
comparison test was also conducted for the local practice with application of 22500kg/ha of 
manure and 1500kg/ha of ammonium bicarbonate. The area of plot was 6.6m by 5m. Three 
replication plots were set up for each test. There was a reference test of zero fertilizer. Potato 
was seeded on May 15 and harvested on October 3. After harvest, the yield for different plots 
was weighed and recorded. The layout of the experiments is shown in Figure 6-3. Yield for 
different applications is listed in Table 6-6. 

 
Figure 6-3    Layout of the potato yield versus compost application test 

Table 6-6    Test results of potato yield versus application amount of compost 
Compost application kg/ha 

Application 
45000 30000 15000 

CK 
Zero 

fertilizer 
Yield 24570.0 21262.3 15907.5 25200.0 13230.0 

15000 kg/ha 
Compost 

30000 kg/ha
Compost 

45000 kg/ha
Compost 

CK 

45000 kg/ha 
Compost CK 

15000 kg/ha 
Compost

30000 kg/ha 
Compost 

30000 kg/ha 
Compost  

45000 kg/ha 
Compost

CK 
15000 kg/ha 

Compost 

Zero 
fertilizer 
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3.3 Tests in 2007 

1) Corn field test 

The tests were taken place at the same location with that in 2006. Combination of 4 
application amounts of compost and urine was tested. The four application amounts of 
compost were 0kg (mark of “0”), 30000kg/ha (“1”), 45000kg/ha (“2”) and 60000kg/ha (“3”). 
The four application amounts of urine were 0kg (“a”), 9000kg/ha (“b”), 18000kg/ha (“c”) and 
27000kg/ha (“d”). The compost was applied together with the seeding. The urine was applied 
with irrigation water, which was applied through the drip lines during the jointing (July 23) and 
heading (August 4) period of the corn growth. The corn was planted in 16 plots with the 
above applications as shown in Figure 6-4. Each plot was 10m by 5m. 

 

Figure 6-4    Layout of the corn test plots in 2007 

The test result is shown in Table 6-7. 

Table 6-7 Yield (kg/ha) of different compost/urine application and conventional practice  
 Application amount kg/ha Urine 0 Urine 9000 Urine 18000 Urine 27000
Compost 0     
Compost 30000     
Compost 45000     
Compost 60000     

2) Potato tests 

Four applications of compost were tested, namely, 0kg, 30000kg/ha, 60000kg/ha and 
90000kg/ha. A comparison test was also conducted for the local practice with application of 
22500kg/ha of manure and 1500kg/ha of ammonium bicarbonate. The area of plot was 6.6m 
by 5m. Three replication plots were set for each test. There was a reference test of zero 
fertilizer. Potato was seeded on May 15 and harvested on October 3. After harvest, the yield 
for different plots was weighed and recorded. The layout of the experiments is shown in 
Figure 6-5. Yield for different applications is listed in Table 6-8. 

Table 6-8    Test results of potato yield versus application amount of compost 
Compost application kg/ha 

Application 
90000 45000 30000 

Local 
practice 

Zero 
fertilizer 

Yield      

 

0a 0b 0c 0d 

1a 1b 1c 1d 

2a 2b 2c 2d 

3a 3b 3c 3d 
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Figure 6-5   Layout of tests on potato yield versus application amount of compost 
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4. R&D on composting 

4.1 Main points of the original design 

The human feces and compostable refuse generated by the population plus public buildings 
within HZK-S is estimated at 1,500 kg/day (525t/year). Standard wheeled bins containing 
either stored feces or household organic refuse would be delivered to the compost plant by a 
small pick-up. The bins are unloaded and stored on a raised platform in the reception area 
with a height same to the pick-up floor. Next to the raised platform there is space for a mixer 
(type concrete mixer) with a capacity of 200-300 l. The mixer should be placed at such a 
height above the floor that the ready mix can be discharged directly into a wheelbarrow. 

In one corner of the reception area there should be facilities for washing empty wheeled bins. 
The waste water from bin cleaning is to be drained into a septic tank located south outside 
the composting plant. The sludge can be back to compost and the effluent can be reused for 
watering the compost piles.  

The plant is designed for solar heating during winter with supplementary heat from a coal 
fired stove during extremely cold periods. To accelerate the process, the consultants 
suggested that a special mixture of micro-organisms is to be used to accelerate the 
composting process. Then the temperature in the composting pile will increase to 70OC for a 
period of 4-5 days. 

After this process the compost needs to be dried before it can be packed in bags. The 
humidity of the packed compost must be <25%. 

The air inside the composting plant is to be deodorized before it is released to the outside. 
This can be done through forced ventilation with the air passing through a tank with 15% HCl 
solution. It was supposed with this system of odor removal there is no need for a tall chimney 

The total composting time was expected to be 14 days and the pile is to be turned by manual 
at least once. The R&D studies of the composting process will establish how the compost 
should be managed, time required, etc, for maximum pathogen destruction. 

According to the consultant, the above compost procedure has been tried in small scale and 
samples of the production have been tested. The results showed the compost contains 
organic matter 42.7%, TN 2.88%, effective nitrogen 0.66%, effective phosphorous 0.86%, 
effective potassium 1.54% and pH 6.98. The die-off of the parasite egg 99.2% and the colon 
bacillus is 3×10-2. The pollutants are lead 3.24mg/kg, mercury 0.78mg/kg, chromium 
11.4mg/kg, cadmium 0.9mg/kg and arsenic 0.12mg/kg. These indexes can meet the demand 
of the properties of organic fertilizer stipulated by the national code. 

4.2 Operation and the problem 

The compost building was finished in the end of year 2006. The first two pick-up trucks of bin 
containing the feces were bought to the plant and the contents were dumped on the floor in 
January 2007. Owing to too much plastic bags and water in the content, it was difficult to mix. 
It was soon found that the smell was so strong that the staffs were unwilling to work inside 
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the plant turning the pile. The smell became stronger with the temperature raised. A 
ventilation system was set up to force the indoor air passing through two tanks about 100L 
each and contained HCl and NaOH solution to absorb the ammonia and H2S (sulphuretted 
hydrogen) gas, respectively. However the effect was far from enough. 

One of the reasons for the strong smell was the content in the bin was very wet and besides, 
the micro-organisms for accelerating the compost process were not available. It seemed that 
the odor produced during the open composting process under indoor condition was 
infeasible. The solution can be either composting in the field or using a sealed composting 
machine. 

A land rent from the DX Co located about 10km away from HZK was used as the composting 
field in May 2007. Meanwhile, the domestic made indoor composting machine was searched 
on the web. After comparison, a so-called compost reactor developed by the Beijing 
Agriculture University has been introduced. They have applied patent for the machine. 
According to a visit to the prototype used in the composting lab of the University by SPO’s 
consultants, the machine can process the organic waste, animal manure as well as human 
feces within 15 days. The machine is actually a rotating wheel installed with razors contained 
in a steel cabin. The razor can shred the contents into broken pieces. There are input and 
output openings located by the side of the machine. The capacity is 1t/day. The temperature, 
moisture and oxygen in the cabin can be measured. Compared to many market available 
machines, this machine is cheaper. 

Before contracting with the supplier, the SPO has sent a letter on May 20 2007 stating the 
demand performance as follows: 

− In general, the machine should have a nice performance and can be operated normally 
for 10 years; 

− The processing capacity will be 2m per cycle; 

− The shaft should be horizontal and the length of the machine should be not longer than 
3m; 

− All the materials that will contact with the contents should all be made of stainless steel. 
The supporting frame can be made of carbon steel; 

− The input opening should be put on the top and by the side or middle of the machine to 
receive raw materials from the existing platform in the composting plant. Dimension of the 
input opening should be 55cm by 60 cm (height by width). To facilitate input of the materials, 
the lower edge of the opening should have a height from the ground of 1.6m; 

− The drainage opening should be located at the bottom of the machine and by the 
opposite side to the input. To make the drainage easier, the machine is preferable to have a 
slope of 10-15 degrees. The number of drainage opening should be two; 

− To have an integrated moving of the machine, the motor and the retarding mechanism 
should be on the same alignment with the rotating shaft; 

− The sensor and the display screen for the temperature and moisture measurement 
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should be installed; 

− The razor is to have sharp edge so as to break the plastic matter in the raw materials. 

In the Contract, it was stipulated that acceptance and quality check of the machine should be 
done on-site with the supplier’s present. 

Up to July 8 the machine was not ready but later on it was reported that the machine cannot 
operate normally and the supplier was not present on site when the equipment arrived. 
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5. Study on sterilization of sawdust 

5.1 General description 

During the operation of the eco-toilet, some households complained that the fine particles of 
the sawdust would float up to the users’ bottom. It is particularly harmful to the women. Fine 
sawdust floating in the air is a source of air pollution. The floating of the sawdust was partly 
due to too much use of the sawdust because the households think that dispensing of 
sawdust would help in eliminating the odor. They think the more the sawdust is spread, the 
less the odor happens. In the beginning the sawdust use for defecating about 120-160ml per 
one time. The SPO planned that quota of sawdust for one family use in one month should be 
19-25l but actually the eco-station distributed each family for ten bags of sawdust per month, 
accounting for about 60l/household/month. Too much sawdust not only has increased the 
work load but also has much increased the proportion of carbon of the content in the bin, 
which is unfavorable to the composting process. Also large quantity of sawdust may increase 
opportunity of vent pipe being blocked. 

Tests on the micro-biological index of sawdust showed there are a quite amount of bacteria 
in the sawdust as shown in the following table. 

Table 6-8      Amounts of Colon Bacillus and Total Bacteria in the saw dust 
Test method 

Index 
Conventional Desorb method 

（CFU/mL） 450 7000 Colon 
bacillus （CFU/g） 4.5×104 7×105 

（CFU/mL） 1.94×107 9×107 Total 
bacteria （CFU/g） 1.94×109 9×109 

To solve the problem, the SPO has engaged the Environment Science and Engineering 
Department of the Beijing Aviation and Astronautics University to carry out research on 
sterilization of sawdust. The Contract between ESED and SPO was signed in April 2007 and 
the final report (in Chinese) was submitted in September 2007. 

1) Properties of sawdust: Main composition of the sawdust is 44-45% of fiber, 16-22% of 
lignin, 14% of polysaccharide, 1-7% of resin and 0.4-2% of minerals. The density is 
0.19g/cm3 and the porosity is 78.3%. The pH of sawdust is 6.2. It is a nice media for 
cultivating micro-organism. Some of them are harmful to the human health. 

2) Alternatives for sterilization of the sawdust: Three alternatives have been compared in the 
experiments, namely the ozone, the microwave, and the oven. For the oven sterilization, 
since the sawdust should be kept dry so the dry heating was adopted. Effect of sterilization 
depends on the time and temperature. The temperature in the experiment is 150oC. The 
effect of microwave on sterilization is a combination of heating and biological process. The 
temperature needed for sterilization using microwave is about 70-105 oC. The effect of ozone 
sterilization is the strong oxidization process. The ozone gas is very unstable and can be 
discomposed to oxygen atom and produce the hydroxyl (OH), which both have very strong 
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oxidization effect. Most of the bacteria and virus will be killed with high die off rate. Besides, 
the ozone sterilization will not leave any secondary pollution. 

The experiments will compare the effectiveness, efficiency and the economics of the 3 
sterilization methods. 

5.2 Experiments on the ozone sterilization 

The apparatus for the ozone sterilization experiment is illustrated in Figure 6-6. 

 

Figure 6-6     Illustration of the ozone experiment (1 – Air pump; 2 – Mass and flow meter; 
3 – Ozone generator; 4 – Reactor; 5 – cooling water) 

The ozone concentration of 260mg/L in the experiments is adopted. The process time and 
thickness of the sawdust are to be optimized in the experiment. The die off rate of bacteria 
versus the process time for the sample with thickness of 2.5cm is shown in Table 6-9. 

Table 6-9         The die off rate of bacteria versus processing time 
 Origin 10min 30min 60min 

Bacteria number/1g sawdust 7.2×105 4.4×105 3.0×104 2.8×104 
Die off rate 0 38.9% 95.8% 96.1% 

From the table, it can be seen 30min is the suitable time for sterilization. The die off rate for 
different thickness of sawdust under process time of 30min is shown in Table 6-10. It shows 
that the sterilization effect can meet the demand for thickness of 5cm. 

Table 6-10             Die off rate versus thickness of sawdust 
 Origin 2.5cm 5cm 7.5cm 

Bacteria number/1g sawdust 7.2×105 4×104 6×104 14×104 
Die off rate 0 94.4% 91.7% 80.6% 

5.3 Comparison among ozone, oven and microwave 

The sterilization of sawdust with oven and microwave will use the same power with that of 
the ozone. The generator of ozone has maximum power of 300W and the processing time is 
30min, so the power used is 0.05kWh. The oven has power of 300W so the processing time 
was taken as 10min and that of the microwave with power of 1300W was taken as 140s. Die 
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off rate of the bacteria for these 3 methods with same energy consumption is shown in Table 
6-11. 

Table 6-11    Comparison of alternatives on die off rate with same energy consumption 
 Origin Ozone Microwave Oven 

Bacteria number/1g sawdust 7.2×105 3.0×104 3.7×105 5.9×105 
Die off rate 0 95.8% 49.2% 17.6% 

The real efficiency of all the three alternatives in practical operation would be higher than that 
under experimental condition. For the oven, the efficiency can be raised in case of 
continuous operation. While the ozone effluent from the processed layer can be reused then 
the efficiency would also be enhanced. So it was concluded that the ozone sterilization is the 
best method. 

5.4 Tests on revival of bacteria 

The test is to find out the time within which revival of the bacteria content in the sawdust 
would not exceed allowable limit. The sample after sterilization was put at a dry location and 
exposed to the air. The sawdust was stirred to fully contact with air. Sample for bacteria test 
was taken every 5 days. The result is shown in Table 6-12. 

Table 6-12                Revival rate for different days of keeping 
 Origin 5 days 10 days 15 days 

Bacteria number/1g sawdust 7.2×105 4.2×104 4.6×104 4.7×104 
Bacteria number of origin  5.6% 6.2% 6.3% 

The test indicates that the sawdust can be kept for 15 days to have the bacteria rate less 
than 10% of the origin. It means the quantity of sawdust for treatment at one time can be for 
15 days use. 

5.5 Conclusion of the study report 

1) Processing the 5cm thick sawdust sample treated by ozone flow with concentration of 
243mg/m3 at the entrance and 87 mg/m3 at the outlet for 30min can get result of 96.5% 
bacteria die off rate in the sawdust. 

2) The sawdust sample after treatment (die off rate 96.5%) can be exposed to the air for 15 
days with the die off being kept more than 93%. 

3) With the same energy consumption, the effect of ozone treatment is better than the 
treatment with oven or microwave. It is therefore strongly suggested adopting ozone 
treatment for sawdust sterilization. 

4) For the practical reactor, it is suggested to put multiple plies of sawdust under the ozone 
flow. The upper layer can be moved away and a new ply is to be put at the bottom layer. In 
this case, the ozone use efficiency can be enhanced. 

5) To avoid the sawdust floating to the air causing harm to the environment, it is suggested to 
put a screen/filter after the openings that the sawdust is possible to go through. 
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6. Study on GRW treatment alternatives 

In the R&D programme of EETP, one of the main topics is the study on the GRW treatment 
alternatives and the comparison. SPO has asked TAES to undertake this study. A proposal 
was submitted by TAES in February 2006 based on the outline of the study provided by SPO. 
A building for GRW experiment was suggested to build. However, since the GRW piping 
system was not cleared until May 2007, so the preparation has been delayed to the mid 
2007. The design of the experiment building was done by DI but the construction work has 
not been started because the International Conference on Ecological Sanitation was to be 
convened in August. To avoid interruption to the preparation of the conference, it was 
decided to postpone the construction after September. Here is a brief introduction of the 
design of the study and the experiment building. 

6.1 Design of the study project 

1) Objectives: 

− Monitor the GRW properties; 

− To find an optimum solution for GRW treatment based on the economic and 
effectiveness evaluation.  

2) Quantity and the quality of the raw GRW 

Quantity: 1 m3/d is set for the capacity of the experiment device 

Quality: TAES has assumed the main properties of the GRW because the actual data was 
not available at that time. The main properties should be based on the monitoring data 
introduced in Chapter IV. 

3) Effluent quality: The properties of effluent from the experiment apparatus should meet the 
demand of the National Standard (GB18918-2002) for grade II drainage water and 
(GB/T18920-2002) for reclaimed water. 

 

Figure 6-7   Treatment flow chart of Non-power treatment technique 
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4) The techniques to be compared 

A. Non-power treatment alternative: The treatment flow chart is shown in Figure 6-7. To 
speak strictly, actually it is operated with power for the pump to ensure a stable inflow to the 
system. The main features: design flow 1m3/d, HRT: 5.4 hrs for 1st stage anaerobic tank, 8.6 
hrs for 2nd anaerobic tank, 7.2hrs for aerobic tank, volume load: 0.57 kg COD/d/m3 for 
anaerobic tank, 0.18 kg COD/d/m3 for aerobic tank, total tank volume: 1.01 m3 

B. Up flow biological aeration filtration (UBAF): The flow chart of the treatment process is 
shown in Figure 6-8. The main design features are: design flow: 1m3/d, volume load: 0.64 kg 
COD/d/m3, HRT = 0.52hrs, aeration flow: 2 l/min, tank volume: 0.5 m3 

 

Figure 6-8   UBAF flow chart 

C. Spray filtration: The flow chart is shown in Figure 6-9. The main design features are: 
design flow = 0.34 m3/d, hydraulic load = 0.3 m3/m2/d, HRT = 21.7hrs, tank volume: 0.9 m3 

 

Figure 6-9 Spray filtration flow chart 

6.2 Design of the experiment building 

The location plan of the experiment building is shown in figure 6-10. The GRW for test use is 
from two sources: from the septic-buffer tank and from drainage main pipe of the west part of 
the HZK-S. GRW from the first source is connected with the outflow pipe from the pump 
sump of the buffer tank and makes use of the pump pressure. No additional pressure is 
needed. However, the GRW contains waste water from the commercial center and the 
nursery school where the toilets are water borne so the water would be mixed with toilet 
water. Another source is pure GRW but it needs to be pressurized so a pump sump is to be 
built on the pipe line from west part of HZK-S. 

The design drawing of the GRW experiment building can be found in the Annex 6-1. The 
main equipments in the experiment building will be 3 experiment apparatus for 3 GRW 
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treatment alternatives, one raw GRW storage tank and one sewage pump. The building is 
single storey and has an area of 110m2 with length × width of 15.6m × 6.5m. A submerged 
pump with capacity of 2m3/d is to be installed in the pump sump on the west pipe line. 

 

Figure 6-10   Location plan of the GRW experiment building 
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Chapter VII Personal evaluation of EETP 

In this chapter, the author would like to provide his personal evaluation on the EETP and the 
lessons he thinks can be learned from this project. 

1. The acceptance of the household to the EETP 

Acceptance of the EETP by the household was a main problem of EETP. The main reason 
that the buildings in the HZK-S can be sold so fast was only due to the very low price 
compared to the normal price level in DS. But the households actually knew very little about 
what kind of toilet system they would use in their flat that they bought. The sales-women 
have introduced the eco-toilet to the buyers as the “advanced Swedish technique”. No 
household was aware of that the EETP is a R&D project and that efforts should also be 
made from the user side to ensure a successful operation of the toilet. 

When the first group of households (less than 10) was moving in the building and started to 
use the toilet in the early January 2006 the system was not perfect at all. The fans were not 
available until April 2006 in the #1 to #4 buildings and until November in the other buildings. 
The households continued to move in the other buildings but the fans were ordered only in 
September. For almost half year, the toilets were used without operation of the ventilation 
system. The GRW piping system were not installed at a right position to prevent from frost 
damage and had to be reconstructed. The households even were asked not to use the 
drainage for several months. The urine tanks were finished only for the cconcrete works but 
the inflow and suction pipes have not been installed causing frequent up draft of ammonia 
gas into the toilet room. All these caused the odor problem badly. The households 
complained so much on the eco-toilet and some even stated that “they have been cheated”. 

Ren Lingna, the social worker of the eco-station, reported in May 2007, about one and half 
years after the eco-toilet started to use, the households altitude to the eco-toilet can be 
divided into 3 groups, namely, those accept the eco-toilet, those wish to change the toilet into 
flushing one in mind but did not take action and those have strong objection to the eco-toilet 
and take action to change. Among the 85 families she and her colleague visited, the first 
group accounted for 7 households, the third group amounted to 11 households and the 
remaining belonged to the second group. 

The household members of the first group think the eco-toilet is suitable to DS’s situation 
because of the serious water shortage and also because its performance is satisfied. One 
user even said that the eco-toilet is the best one he has ever used. However this group was 
in minority. Households in the second group are the majority. They much prefer the flushing 
toilet to the dry one in mind but since the dry toilet has already been the reality they think 
they have to accept. They complained much on the odor problem and the inconvenience in 
use of the eco-toilet but actually had exaggerated the extent of the problem. In her paper on 
the International Workshop on EETP, Ren’s found out that among the 200 households, those 
have serious odor problem accounted to 38, 19%. Even when she visited these families, the 
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odor was not often smelled. But almost everybody talks about the serious odor in toilet of 
EETP. Some of the households rather used the public latrine with very poor health condition 
located several hundred meters away from the building but only use the eco-toilet for 
urinating. The third group strongly opposes the dry toilet. They treated Ren and her 
colleagues in impolite manner. Some of them threatened they would make declaration to the 
August International Conference their objection to the dry toilet although it was not at all the 
case that the toilet could not work properly. To the end of August 2007, at least 12 families 
have changed their eco-toilet into flushing ones without notice to the eco-town management 
authority. Some of them even have not tried to use the eco-toilet before they made the 
change. It is concluded by the author that acceptance of the ecosan has been the main 
challenge to the EETP and has been remained unsolved up to September 2007. 

The fundamental reason that the households cannot well accept the eco-toilet is due to the 
traditional mind of the households taking the dry toilet as the “backward” technique. Some of 
them think to store the feces under their toilet room is not a pleasant matter and “should be” 
smelly. It seems to them that the flush toilet is a symbol of modern civilization and the dry 
one is retrogression. Some inhabitants asked the SPO staff why the advanced Sweden 
introduce them such a “backward” technique. A “flush and discharge” toilet seems very “easy 
and comfortable” as compared to using the dry toilet for which the user has to deal with 
the ”malodorous” feces, like cleaning the bowl, dispensing sawdust, etc. However, if the user 
really knows what happens in the other end of the black water pipe, perhaps he would be 
aware of the meaning of using a dry eco-toilet. The author believes to change this traditional 
mind needs time but if the awareness promotion has been taken when the project started 
preparation perhaps things would progress better. 

A question is then thought of: which kind of target group we should choice to promote the 
eco-toilet? At the very beginning HZK-S was selected as the site for implementing EETP just 
because the project would be a resettlement area for the farmers who lost their lands and 
houses during the fast urbanization of DS. Most of the farmers did not have a private toilet 
even a latrine in the past. To have a clean and indoor toilet would be big advancement of 
their living standard. However, later the project has been changed to estate development. 
The buyers are mostly the city inhabitants. They have their traditional mind to use a flushing 
toilet. Besides, the city has developed so fast that the HZK-S was no longer an outlying area 
of DS city and has become an island of eco-town surrounded by the sewage system. Even 
the resettlement buildings for the farmers neighboring it in the south are equipped with 
flushing toilet. The situation has increased the difficulty very much to persuade the 
household accepting the eco-toilet. To change the eco-toilet to flushing one is easy. Perhaps 
to select Hantai town that is 20km away from the DS city and the sewage system will not be 
built in the near future or to select Azhen of Yijinhele Banner where the population only had 
the public latrine.  

Of course for those urban inhabitants having high consciousness of protecting environment 
and natural resources conservation the ecosan system can be well accepted but it is not the 
case of most of the HZK-S populations. For promotion of ecosan in urban area where the 
sewage system has been developed, the implementation should be in gradual sequence by 
firstly setting up demonstration by volunteer households to improve the technology and at 
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the same time to promote acceptance of the populations. Only when the wide acceptance is 
available, a large scale implementation can then be smoothly realized. 



 106

2. Motivation of the estate developer and the manufacturer 

In China, the fast urbanization has extended the scale of the existing old cities and created 
many new towns of which the building construction is undertaken by the state-owned or 
private estate developing enterprises. Under the market economy, motivation of either the 
state owned or the private company can only be based on the profit, physical or non-physical. 
As introduced above the investment for the ecosan system in EETP was 9272 RMB per 
household, about six times of that of the conventional sanitation system. Even if the 
basement for keeping the feces bin is designed as part of an integrated underground floor 
and the investment of the basement per household can be much reduced the ecosan system 
would still cost three times of that of the conventional one. The DX announced in September 
2005 that they have paid extra cost of 12.85 million RMB compared to conventional system. 
This figure had not been audited and the author thinks it is too high. According to the figure 
reviewed by the accountant agency, the DX has actually invested the eco-san system of 
EETP about 6 millions RMB. If taking into consideration the cost of extra area for placing the 
chutes in the toilet room, another 1.5 millions RMB is added, 7.5 million RMB in total. 
Although the waste water treatment plant would be cheaper due to the less pollutant load in 
GRW than the mixed water (actually in case of EETP the cost of these two systems was the 
same but considering the normal situation, to speak qualitatively, the cost for GRW treatment 
should be less), but the investment for waste water treatment is normally responsible by the 
municipality. It is the government but not the estate developer that can be benefited from this 
cost reduction. 

When DX signed the agreement with the DS government to accept developing the housing 
project and ecosan system of EETP in April 2004, the government promised to waive 14 
items of costs/fees for DX. They include: 1) The estate sales tax; 2) Building sales contract 
tax; 3) Land value-added tax; 4) Business tax for construction and installation; 5) Land 
contract tax; 6) Land use tax; 7) Estate development administration fees; 9) City complement 
fees; 10) People’s air defense fees; 11) Fees for blue print review; 12) Quality supervision 
fees; 13) House removal administration fees; 14) Fees for municipal utility fees. However, 
after 1.5 year construction the DX announced in September 2005 that they had to pay the 
item of 1), 2), 3), 4), 5), 6), 10), 11), 12), etc for a total amount of 16.7 million RMB that 
should be waived off as stipulated by the agreement. 

In the year 2004 and the first half of 2005, DX was active in carrying out the construction and 
installation work. However in the second half of 2005 the DX became passive in performance. 
One of the facts was the very poor construction quality of the GRW and urine pipe, of which 
many were frozen and blocked in the 2005 winter. Besides, all of them were installed in 
disorder manner with poor quality in the basement. In the year 2006, situation became much 
worse. The following is a partial list. 

− From Mar. 30 to early August 2006 the SEI staff has suggested and asked to finished 
installation of the urine tank as soon as possible and provided the detailed design but DX did 
not take any action to do the job. The DPO has to engage another contractor to do it in 
October 2006. The delay was one of the main reasons for the odor problem. 
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− On May 30 and later for several times, SPO asked to install the “S” trap under the urinal 
but DX did not respond to it. The job had again to be done by other contractor, delayed by 
half year. 

− In 2006, households were suffering from odor due to the fan was not installed except in 
Building #1 to #4 by the contractor paid by SPO. On the other hand the 57 urgently needed 
fans were lying in the manufactory’s warehouse. They could not be delivered just because 
DX Co did not send the money although SPO urged them for several times. The fans were 
not installed until November 2006, causing about 200 households used their toilets without 
operation of ventilation system. 

− The GRW pipe system remained uncompleted until the Government has instructed to fix 
all remained problems two months before the International Conference to be held in August 
2007. In the one and half year run of the GRW system, most of the GRW are blocked and 
seeped. SPO has raised the problem from early 2006 but the job was delayed by more than 
one year. 

− SPO has provided a check list for the eco-toilet system, the basement, the urine tank 
and the GRW pipes but many problems were remained unsolved up to the author left the 
project, e.g. improper insulation of the pipes in the basement, some bin covers lacked of 
connection cylinder, improperly installed electric cable in the basement, leakage in piping 
(vent, water supply), etc. 

− The DX decided by their own to adopt the flushing toilet in the commercial center and 
nursery school without asking approval from SPO and DPO. When SPO found the problem, 
these buildings have started construction for more than one month. 

The DX General Manger complained to SPO that the DS government has broken its promise 
and caused extra payment for the project. It became a main topic when SPO staffs met the 
GM of DX. 

Actually some of the 14 items that the DS government promised to DX in the agreement 
between them are out of the power of the local government. For example exempting the tax 
can only be decided by the upper level government. 

Only after the DS government has issued instruction in early 2007 that all the ecosan system 
should be normally operated before the International Conference convened the DX 
performed better.  

From the EETP case it is very clear that the estate developer can have high motivation in 
constructing the ecosan system only if they can get the about profit with that when thy build 
the conventional system. To build a project of ecosan may give the developer reputation of 
environment protection, which is a non-physical profit but is not enough. To promote ecosan 
in urban settings, the local government should pay high attention to issuing favorable policies 
to let the estate development feel real profit. 



 108

3. Altitude of the government 

The local government was very interested in the EETP in 2004 when the project started 
preparation. The DS government made many efforts to support the project. At first, the 
government planned to have the project for resettlement of the farmers who lost their lands 
and houses during the urbanization of the DS City. According to the authority, the farmers got 
money for their lands and houses so they could afford the cost for buying the flat. A 
construction company under the government would take the construction of the buildings 
and the ecosan system. But later the project has been changed to an estate development 
project. The government committed to distribute 5 million RMB for initiation of the project. An 
estate developer was signed to undertake the construction and the government has 
promised to exempt tax and fees of 14 items for the DX Co and also promised to undertake 
building the surrounding road and the access road to the HZK-S. But in late 2005 to the 
whole 2006, the government became inactive in the project implementation. It seemed the 
DS project office (DPO) has been strengthened by being directly under the DS District 
Government instead of being part of the DS Environment Bureau in 2006, but actually it lost 
the power that can be used for controlling the contractors. During this period the SPO staffs 
were difficult to meet the DS leaders. They can only raise problems they found to the DPO 
leader who however was not in a position to argue with the DS governor. Many problems 
were delayed as described in the above section and cannot be solved because of the 
passive altitude of the government. It not only wasted almost one year time in 2006 but also 
had bad impact on the reputation of the project. The households were also suffered from the 
odor due to delay of solving these problems. The SPO staffs learned that some DS leaders 
even complained that they have been taken in the project that they did not find any profit they 
got but instead the local had offered lot of fund for the project. 

In China to promote a new approach support from the government is essential. Some 
authorities may have motivation for promoting the new approach because of their 
environment consciousness but some just because they think it can be their political 
achievement that would be benefit for their promotion. In the latter case, admitting the project 
as the local political success by the authority at the upper level is very important. It was 
unwise that the EETP was initiated without support (morality or fund support) from the State 
or the Inner Mongolia Autonomous Region. Maybe it would be better first contact the State 
ministry that would be a powerful force to push the local government forward to fulfill their 
duties. Without this support, only a foreign partner has not enough power to push forward the 
local government to overcome the difficulties that may happened in project implementation. 
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4. Economic and technical consideration 

The ecological sanitation system was completely a new one to China. Although the eco-toilet 
has been developed and demonstrated in the rural area of the southwest China Guangxi 
Province and got fully success. But to implement the ecosan in the urban setting with a large 
scale like EETP was also new to the world, including Sweden. It can be said now that the 
technical preparation for the project was not enough. Actually the building design should be 
based on the design of the ecosan system. However, the real process was on the opposite. 
Design for the ecosan system was not available when the building design was carrying on. 
This is one of the main reasons that changes on the ecosan system happened so much in 
later time and fund for retrofitting had to be spent. The followings are some examples. 

1) The toilet 

When the design of the first four demonstration buildings had been ready for the construction 
to be started in July 2004 the prototype products of the eco-toilet have just been 
manufactured for testing. Testing of the prototype has shown many defects of the design and 
the first improved model was not finalized until May 2005. During operation of the first model 
toilet, some further problems were found and modified models have to be developed. 

2) The basement 

As part of the toilet system, the basement occupies a major part of the eco-toilet cost. In the 
#1 to #4 buildings, the basements are connected by the corridor and the removing the bins 
out is by pulling manually through a ramp. This kind of arrangement asked a complicated 
structural design of the basement and cost much more than a modified design: the corridor 
was cancelled and the basement under the toilet room was separated from each other with a 
square covered pit as outlet. Calculation showed the former costs about 11000 RMB per 
household while the latter is only 5820 RMB. The building plan has been fixed and 
construction was finished much earlier than the plan was review from the economic point of 
view. Later research found that if putting the basement by the side of the out wall then the 
cost can be reduced further by 1400 RMB per household. 

3) The ventilation system 

The feces containment is one of the main features of ecosan. The bin cover solution was 
adopted without a sound study on the feasible alternatives and their comparison. The air 
tight performance of the alternatives has also not been examined with present of a 
ventilation expert. This caused later replacement of bin cover with the sealed cabinet. 
Hundreds of bin cover were then wasted. 

4) Piping system in the basement 

There are four piping systems, namely GRW, urine, water supply and the ventilation in the 
basement but the existing arrangement of these systems are in much disorder manner. 
Since the ventilation pipe installation was done last, after the other three, the space and the 
location left for the vent pipe were inadequate, causing unreasonable arrangement of the 
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vent pipe. An integrated design for the piping system arrangement in the basement is 
necessary but unfortunately it was not available even now. 

Design for the arrangement of vent piping was not available in the beginning up to early 2007. 
The installation work that had large impact on the efficiency of the ventilation system was 
poorly done by the unskilled labors. 

In addition to the lacking of an integrated design of the eco-toilet before the building design, 
the economic study or a feasibility study of the project was not available when starting the 
project. For example, the eco-toilet system including the toilet, the mechanism, the chute, the 
bin and the sealed cabinet as well as the basement costs about 8980 RMB per household. It 
is about the same price with the vacuum toilet plus urinal that quoted by the EviroSystem. 
Can there be other alternative that would have the same or even better performance but cost 
cheaper? If we can have a feasibility study before the project starts implementation perhaps 
a more economic solution can be found to make the project more feasible. And if we could 
have a design of the ecosan system before the implementation, perhaps we might avoid or 
reduce the retrofitting work that not only cost a lot of fund but also brought inconvenience to 
the households and even damaged the reputation of the ecosan.  

Of course, the EETP is a R&D project rather than a housing and ecosan implementation 
project. Its main purpose is to provide experiences and knowledge for ecosan system in the 
urban setting. It is understandable that upgrading of the system during implementation would 
be unavoidable. However if we put more R&D before the demonstration and implementation 
stages then the project would be more economic, more effective and more acceptable to the 
users. The author assumes a procedure as follows. 

1) First step is to make the toilet design and manufacture the prototype for testing. A two (or 
three) stories temporary building with very simple structure just to house the toilet will be built. 
The test and improvement may take half year then a design for the toilet system can be 
made and the drawing of the toilet (can be several models) will be ready for manufacturing. 

2) Second step is to build one demonstration building. The volunteer households are invited 
to stay in. The project would better pay the cost of the flat including the O&M of ecosan 
system.   

3) Third step is to test the toilet system. The test and improvement may last for one or two 
years. During the test we may invite the public to visit the demonstration building and talk 
with the households.  

4) The fourth step is to summarize all the experiences (positive and negative) from the above 
testing and demonstration. Only after this we will build an eco-town in the scale like EETP. 
Before designing the building, an integrated design of the ecosan system will first be made. It 
should be the base of the building design.  

In the above procedure, R&D will be mainstreaming during the whole process. It may take 
6-7 years or more to get a well performed eco-town and a set of experiences, including the 
promotion and technology. Actually EETP has already taken 5 years and may need other 1 
or 2 years to make the system perfect. Just the same length of time but maybe better results. 


