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ABSTRACT 
On the conference of International Sustainable Campus Network (ISCN), held in University of Oregon on June 

20th USA local time, Tongji University was awarded the Excellence in Campus Award of 2012 (Figure 1), which 

is the first time that a university from the Asian-Pacific region was awarded such honor. In the prize citation, ISCN 

praises Tongji University in its significant role in social and economic sustainable development. The campus of 

Tongji University successfully settled the various problems in the integrated application of resource-saving tech-

nology. Even more important, the sustainable campus of Tongji University can sever teaching and research func-

tions as well as bear and fulfil the social promise, which enables such mode to be extended on a planetary scale. 

Here we introduce the wastewater reuse part in the sustainable campus program. 

 
 

Actually, in a special report “How green is 
your campus?” published in September, 2009, 
Nature praised that Tongji University joined 
the Climate Neutral Network, led by the 
United Nations Environment Programme 
(UNEP), with the mission of helping society 
reach a low- or zero-carbon future. Tongji 
University has been implementing building 
upgrades and resource-saving projects since 
2003. In 2007, it was entitled as the demon-
stration of green campus project. Since then, 
Tongji University has been leading the green 
campus construction in China, and has in-
cluded it into the system of campus culture 
construction. The resource saving technology 
developed by Tongji University also played an 
important role in Shanghai 2010 EXPO which 
made it not only the successful, splendid and 
unforgettable one, but also the environmental 
friendly and energy efficiency one. 

Wastewater reuse is one of the important 
parts in the sustainable campus program of 

Tongji University. With a large number of 
students (approximately 15000) in its Siping 
campus, Tongji University’s own facilities 
provide an excellent opportunity to develop 
and test new technologies in a controlled situ-
ation. Tongji University conducted several 
projects at the campus, which were aiming to 
solve some of China’s growing and acute 
wastewater problems. 

One of the projects is the exemplary 
wastewater reuse system (about 40 t/d) for the 
lab-building (Ecological Building) of the Col-
lege of Environmental Science and Engineer-
ing at Tongji University, whose process is 
shown in Figure 2. Wastewater from the toi-
lets of the lab-building and rainwater collected 
in tanks is eventually funneled into a con-
tainer-style membrane bioreactor (MBR) 
(Figure 3), which uses membrane technology 
and traditional biological treatment to remove 
nutrients. The membrane can filter out silt, 
pollen, colloids, bacteria, protozoa cysts, and 
large viruses, among other things. The MBR 
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has a total volume of 5.2 m3, in which the vo-
lume of anoxic (AN) tank and aerobic (AO) 
tank are 1.9 m3 and 3.3 m3, respectively. The 
MBR is equipped with hollow-fiber micro fil-
tration membrane modules made of polyeth-
ylene that has a total surface area of 111 m2 
and a nominal pore size of 0.4 µm (Mitsubishi 
Rayon, Tokyo, Japan). Intermittent filtration 
is done (12 min filtration and 3 min pause) in 
the constant flow rate (0.36 m3/m2·day) mode 
of operation using suction pumps. The con-
centration of the mixed liquor suspended solid 
(MLSS) in the reactor was maintained at 
about 4-6 g/L. As shown in Table 1, the ef-
fluent quality of the container-style MBR ex-
cels China’s water quality standard for urban 
miscellaneous water consumption. Most of the 
effluent from the MBR is disinfected and re-

used as gray water in the lab-building toilets 
or for landscaping. The rest (about 400 L/d) is 
treated with ultrafiltration, reverse osmosis 
and ion exchange, resulting in pure water that 
exceeds government drinking-water standards. 
From Table 2 and Table 3, the end product is 
so pure that it could be used for kidney dialy-
sis, carbon-chip washing, or to replenish 
drinking-water supplies. Although using recy-
cled or gray water for agriculture and indus-
trial applications is common in many parts of 
the world, direct consumption is still frowned 
upon, and the wastewater treatment at Tongji 
University does not end up in drinking glasses. 
Such easy-to-assemble treatment plants can 
also be quickly replicated and can help in wa-
ter stressed regions. 

 
 

 
Figure 1  Excellence in Campus Award of Tongji University 
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Figure 2  Process of wastewater reuse of Ecological Building at Tongji University 

 

 
Figure 3  Container-style membrane bioreactor for wastewater reuse 

  
Table 1  Influent and effluent qualities of the membrane bioreactor in the exemplary wastewa-

ter reuse system and compared with China’s water quality standard for urban miscel-
laneous water consumption 

Indices Influent Effluent Water quality (GB/T18920-2002) 
pH 6.5-7.2 7.2-7.5 6.0-9.0 
Turbid (NTU) 20-300 0.55-2.65 � 5 
SS (mg/L) 65-300 0.55-3.10 — 
CODCr (mg/L) 50-431 3-20 — 
BOD5 (mg/L) 40-80 1-2 � 10 
NH4

+-N (mg/L) 11-66 0.14-2.57 � 10 
TN (mg/L) 17-81 1.20-35.06 — 
TP (mg/L) 0.20-5.10 0.05-0.25 — 
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Table 2  Influent and effluent qualities of the pure water treatment and compared with China’s 
water quality standard for analytical laboratory use 

Water quality (GB6682-2008) 
Indices Influent Effluent 

Grade 1 Grade 2 Grade 3 
pH 7.2-7.5 6.7-7.9 — — 5.0-7.5 
TOC (mg/L) 4.09-4.94 0.09-0.29 — 0.08 0.40 
Conductivity (� S/cm) 570-821 0.093-0.299 0.1 1 5 
Turbid (NTU) 0.55-2.65 0.09-0.20 — 1.0 2.0 
UV254 (cm-1) 0.0895-0.2157 0-0.0008 0.001 0.01 — 

 
Table 3  Comparison of effluent quality of the pure water treatment and the ultra-pure water  

national standard of China's electronics industry 

Water quality (GB/T11446.1-1997) 
Indices Effluent 

Grade EW-I Grade EW-II Grade EW-III  
Resistivity (M� ·cm, 25 oC) >12 18 15 12 
Cu2+ (� g/L) <0.1 0.2 1 2 
Zn2+ (� g/L) <0.1 0.2 1 5 
NO3

- (� g/L) <0.5 1 1 5 
PO4

3- (� g/L) <0.5 1 1 5 
Bacteria (unit/ml) 0 0.01 0.1 10 
 

 
Figure 4  Process of bathing wastewater reuse at Tongji University 

 
In addition to the investigations into wa-

ter-saving technology, Tongji University has 
also been conducting a project which seeks to 
reserve not only water but energy expended 
during shower usage in the public bathroom of 
the university. In this endeavor, it is fortunate 

to have access to the university’s large and ac-
tive sporting population and the centralized 
bathing facility servicing these students. Each 
day approximately 3000-5000 students 
shower at the facility, producing significant 
volumes (300-360 m3/d) of both wastewater 
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and heat. The wastewater from the showers is 
reclaimed by using MBR system (Figure 4). 
The volume of the MBR tank is 31 m3. This 
tank is equipped with hollow-fiber micro fil-
tration membrane modules made of polyeth-
ylene that has a total surface area of 900 m2 
and a nominal pore size of 0.4 µm (Mitsubishi 
Rayon, Tokyo, Japan). Intermittent filtration 
is done (12 min filtration and 3 min pause) in 
the constant flow rate (0.36 m3/m2·day) mode 

of operation using suction pumps. The con-
centration of the mixed liquor suspended solid 
(MLSS) in the reactor is maintained at about 
5-7 g/L. Since the effluent meets China’s wa-
ter quality standard for scenic environment 
use (Table 4), it was used for irrigation of the 
surrounding university gardens and as ‘scenic’ 
streams and water features around the campus 
(Figures 5-7).  

 
 
Table 4  Influent and effluent qualities of the bathing wastewater reuse and compared with 

China’s water quality standard for scenic environment use 
Indices Influent Effluent Reuse standard (GB/T18921-2002) 
pH 6.5-7.2 6.2-6.7 6.0-9.0 
Turbid (NTU) 90-120 0.3-0.4 � 5 
SS (mg/L) 75-240 0 � 10 
CODCr (mg/L) 99-206 7-20 — 
BOD5 (mg/L) 40-60 1-2 � 2 
NH4

+-N (mg/L) 15-34 0.1-4 � 5 
TN (mg/L) 19-35 4-9 � 15 
TP (mg/L) 0.5-0.8 0.01-0.03 � 0.5 
LAS (mg/L) 2.8-8 0.1-0.3 � 0.5 

 

 

Figure 5  Effluent of bathing wastewater reuse used for irrigation of gardens and as ‘scenic’ 
streams and water features around the campus 
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Figure 6  Polluted Sanhaowu stream at Tongji University 
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Figure 7  Present Sanhaowu stream at Tongji University with the effluent of bathing wastewa-
ter reuse as supplementary water 

 

 

Figure 8  Bathing wastewater tank equipped with copper coiled pipes after uncovering 
 

One of the innovations of this project has 
been to conserve water as well as energy. The 

shower facility project allows heat, captured 
directly from the shower water, to be recycled. 
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Copper coiled pipes are placed inside the 
wastewater tank collecting the used shower 
water (Figure 8). Tap water then flows 
through the coils to capture the retained heat 
from the wastewater. The total area of the 
copper coiled pipes is approximately 6 m². 
The temperature of the wastewater filling the 
tank is usually around 30 °C. Once the tap 
water has flowed through the copper pipes its 
temperature is increased to between 4 °C and 
11 °C. The retained heat increases the heat of 
about 70 m3 of tap water by about 8 °C per 
day, which reduces the energy required to heat 
shower water to the temperature needed for 
showering. In effect, the captured heat sup-
plements the heating process for the fresh tap 
water. This is equivalent to 20-28 kg of gaso-
line per day, meaning that the method allows 7 
m3 of gasoline to be saved every year – an 
impressive reduction in greenhouse gas emis-
sion and energy input. This project is trying to 
find ways to improve both water and energy 
efficiency, both of which will become very 
important for China, and the world, in the fu-
ture. 

The benefits that Tongji University has 
obtained through operating the wastewater 
reuse systems can be concluded as follows. 

(1) Water resource is greatly conserved, 
the discharge of pollutants is reduced, and the 
campus environment becomes clean and 
pleasant. 

(2) The sustainable campus severs both 
teaching and research functions. Live educa-
tional materials about water saving are pre-
sented to all the students in the campus and 
various visiting groups. Part of faculty regard 
water saving as their major research fields and 
have achieved a series of innovative achieve-
ments. 

(3) The University also focuses on the 
experience exchange and achievements popu-
larization, and tries its best to support the con-
struction of sustainable campus in Shanghai 
and even the whole country.  

(4) The sustainable campus obtains a 
worldwide affirmation, which further pro-
motes the international influence of Tongji 
University. 

 
 


