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Wastewater treatment is of high importance for
societies as it prevents diseases and protects the
environment. Nevertheless, wastewater treatment
plants (WWTP) belong to the most cost- and energy-
intensive municipal infrastructures whose main goal
is seen in wastewater disposal. However, at a closer
look, wastewater contains many valuable resources,
which are mostly lost during traditional treatment
processes. Nowadays a paradigm shift in wastewater
management can be seen, transforming from waste-
water disposal management to a more resource-
oriented approach where valuable wastewater com-
ponents are recovered for reuse, as well as energy
is produced and its consumption reduced during the
treatment process.

Germany already implements advanced new technolo-
gies, which improve the energy balance of WWTPs
and start to recover valuable nutrients. Other coun-
tries, e.g. China, are farther away from resource-ori-
ented approaches and still need to adapt, develop,
and transform their WWTPs into resource factories.

In this context, the project PIRAT-Systems aims to
find solutions to improve the energy and resource
balance on WWTPs in China, while taking national
and local regulations, political structures, and waste-
water constitutions into account. Within the project,
German and Chinese partners cooperate closely to
jointly engineer selected technologies for the Chi-
nese market and to develop successful implementa-
tion strategies.

The technologies get tested in pilot plants and
adapted in simulation models helping to construct
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Chinese and German partners work in close cooperation to analyse
differences between German and Chinese wastewater treatment plants
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planning and decision-making tools. The main prod-
ucts recovered in WWTPs PIRAT-Systems looks at
are sludge-based biogas for power production and
phosphorus-compounds as a substitute for mineral-
fertilizer.

Energy recovery

Sludge is a by-product of mechanical and biological
wastewater treatment. It can be digested by micro-
organisms under anaerobic conditions whereupon
biogas is produced, and sludge stabilization takes
place. This biogas can either be used as heat or pow-
er source, covering a high amount of energy used on
the WWTP, leading to lower demand for fossil fuels.
While anaerobic sludge digestion is widely spread in
Germany, it is rarely used in China.

One reason is the different wastewater characteris-
tics in China compared to the one in Germany. The
concentrations of organic components, measured by
Chemical Oxygen Demand (COD), and nutrients are
lower in China than in Germany (see table below).
This might be due to rain and groundwater intrusions
into the sewer system, as well as different user habits
(e.g. toilet paper disposal). Additionally, in China,
septic tanks are often used for residential buildings,
which pre-treat the wastewater and lower concen-
trations of organic components, the most important
compounds for biogas production. This leads to chal-
lenges in realization of anaerobic sludge digestion
under Chinese conditions.

PIRAT-Systems is looking for ways to make anaerobic
digestion of and the production of biogas from sewage
sludge feasible under those hindered conditions.
One solution being co-digestion of other biological
waste products like restaurant food waste to raise
the organic content of the feedstock for digestion.

Besides the generation of biogas, the big advantage
of anaerobic sludge digestion is stabilization leading
to easier handling of the waste substance. After sta-
bilization, the sludge contains fewer pathogens and
should be inodorous. Due to the changed structure
of the sludge, water can be drained easier reducing
the sludge volume significantly before further trans-
port.

With the transformation to anaerobic digestion, a
WWTP can become more self-sustaining in terms
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Parameter/S# Unit/sa( Germany/#&E China/HE
Influent/i#7K

cob mg/L 582 (459-1,068) 260 (115-388)

TN mg/L 54 (43-89) 19-51

TP mg/L 7.6 (6.2-13.1) 1.8-5.9

COD:TN: TP 100:(7.5-15.3) : (1.3-2.3) 100: (7.3-19.6) : (0.7-2.3)

Influent concentration of Chemical Oxygen Demand (COD), Total Nitrogen
(TN) and Total Phosphorus (TP) in wastewater treatment plants in
Germany and China

BESPESK HIE kM ZFESE (COD) , &% (TN) BEw (TP)
Source / BB 3E: German Association for Water Management, Waste-
water and Waste (DWA) and Journal of Cleaner Production
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of energy. Such a transformation affects the whole
process of the plant, therefore in PIRAT-Systems de-
cision-making tools are being developed for the op-
erators. These tools will help to assess if the transfor-
mation to anaerobic digestion and biogas production
is feasible for the operator, along with technical and
administrative pre-arrangements including an as-
sessment as to how much energy can be produced.

Nutrient removal and recovery

Natural streams and lakes all over the world suf-
fer from eutrophication, a phenomenon, which de-
scribes the excessive supply of nutrients, leading to
poor water quality and the failure of ecosystems. The
nutrients made accountable for this are mostly nitro-
gen and phosphorus, which enter the stream due to
poorly treated wastewater or agricultural run-off.

To lower the impact of WWTP- effluents, additional
phosphorus removal from wastewater is practiced
worldwide. However, due to phosphorus being a
scarce mineral with high importance in food produc-
tion, focus has been shifted to recovery rather than
only elimination. PIRAT-Systems develops on-site
strategies to produce struvite, a phosphorus-nitro-
gen derivate, from sludge and sludge-water, mak-
ing the treatment plant a fertilizer production plant.
In laboratory experiments within the framework of
PIRAT-Systems, the best conditions to produce a safe
fertilizer are investigated. Due to the diverse waste-
water composition of municipal and industrial waste-
water, possible impurities of produced fertilizers are
still a challenge and need to be further examined.
Additional chemical models together with the labo-
ratory experiments help to understand the underly-
ing processes and give useful hints for the operation
of the phosphorus recycling pilot plant.

The phosphorus recovery plant is fed with sludge
from the wastewater plant. Chemicals are added to
induce the precipitation of struvite crystals. Those
crystals can be used in agriculture as fertilizer. In
spring 2020, field trials were set up in the city of Yan-
tai following joint planning by SF-Soepenberg GmbH
and the Chinese project partners (Center for Inter-
national Research Center of BioEnergy Science and
Technology (iBEST) and the College of Engineering of
China Agricultural University, Beijing), to investigate
the effects of struvite on vegetable and maize pro-
ductionin a large test field. For the field trial, 52 plots
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A researcher from China Agricultural University applies struvite on a test
field in China to investigate the impact in plant growth
BERWAFZH—ES AR RELIHA L EF ST, R EERIIT
Source / BFFE: CAU/SF-Soepenberg GmbH
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have been set up in which green peppers, sweet po-
tatoes, tomatoes, and corn are grown. In autumn,
the field fruits have been harvested and the samples

Soepenberg BIRATMPETE GIEAHF (EMR
BERI 2 SRAERBKGHRF L (IBEST) MpER
WARZETEFFR) WERRLT, EREHHTTE

are currently being analysed. Although the final re-
sults are still pending, first findings show a promising
outcome of the field trials.
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The use of struvite for vegetable cultivation is of
particular interest since the transport distances be-
tween planned struvite production on WWTPs and
vegetable fields are usually relatively short since
both components are located in the peri-urban area.
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Transforming the traditional wastewater treatment

The overall goal of the project is to find solutions to
close energy and nutrient cycles while maintaining
WWTPs’ cleaning performance that comply with
the strict Chinese standards and therefore help to
improve the environmental situation. Nevertheless,
the technological components have to be introduced
into a network of different stakeholders, considering
their different needs and requirements. PIRAT-Sys-
tems develops not only technical equipment, which
can help to make the wastewater sector more en-
ergy- and resource-efficient, it also encourages co-
operation between different sectors and countries.
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Sino-German Water Research / KA

The background of the Sino-German Water Research has been shortly described in the Econet Monitor,
June 2019. Current topics are the sponge city concept (KEYS, Econet Monitor, June 2019); sludge treatment
(IntenKS, Econet Monitor, September 2019); drinking water safety (SIGN-2, Econet Monitor, September 2020)
and removal of organic components in municipal wastewater treatment plants (MWWTP) (PEPcat). Today’s
article is about the project PIRAT-Systems which focuses on optimization of MWWTP.

£201956 B3 AYEconet MonitorfiTs, FAINE T REMPEEKARMHSIERIER.

BRIETHRPEERESKARIMBENER D BIE: B M-S (KEYS, ¥ Econet Monitor, 20195
68F)) . 5B (IntenkS, i#MEconet Monitor, 2019498 F!) . IR AKZL £ (SIGN-2, i# M Econet
Monitor, 20205E108H)) , ARk HISKGE] (MWWTP) aSEHLA S (PEPcat) , LARSKESN
BRI TF IS KR UL AIPIRAT-SystemsInE.

BMBF-Project Office “Clean Water” / {EEEXF 2B 3SR (BMBF) “Hig/K” SIFitARIRBEDAE

The BMBF-Project Office “Clean Water” at Tongji University Shanghai supports the Water Research
Cooperation between BMBF and MOST and the joint water research projects since July 2012.
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Contact: Ms. Nicole Umlauf n_umlauf@tongji.edu.cn
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