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Introduction –
Nutrient Pollution
Management in the
Lake Tai Basin
Lake Tai – an important but degraded
natural resource
The Lake Tai (or Taihu) is the third largest freshwater
lake in China with a surface area of 2,338 square
kilometres (Km2) and average depth of two (2)
metres. The Lake’s basin (36,895 km2) spans across

Figure 1: Map of Lake Tai

three (3) provinces (Anhui, Jiangsu and Zhejiang) and the Shanghai Administrative Region.
Ninety percent of the lake’s surface lies in Jiangsu Province with a small slice in Zhejiang along
the south western boundary (Figure 1). The Basin is an important resource in one of the most
densely populated and economically significant regions of the country. Water quality and algal
blooms in Lake Tai have been recognised as a serious national issue for the P.R. China,
particularly following the severe Cyanobacterial algae outbreak in 2007.

Addressing the issue: The Lake Tai Master Plan and Wastewater Treatment
A comprehensive restoration program has been approved by the State Council. The National
Development and Reform Commission (NDRC) has taken the lead role in coordinating the
development and implementation of a Master Plan for Comprehensive Management of Water
Environment in the Taihu Basin, hereafter referred to as the ‘Lake Tai Master Plan’ (NDRC 2008).
One focus area of this plan is the control of point-source pollution.

Wuzhong Treatment Plant, Suzhou, October 2011
1
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Over the past 5 years significant investment has been made across the Basin including: industry
relocation; improvement in the management and monitoring of pre-treated industrial
wastewater; the construction of a wastewater treatment (WWT) network and treatment plants
(WWTPs) for urban and rural areas; improved (tertiary) treatment process and efficiencies for
Nitrogen (N) and Phosphorus (P) removal at WWTPs; and strengthening sludge reuse and safe
disposal.
Investment in the wastewater treatment sector is set to continue over the next 5 years. For
example, the 12th Five Year Plan (2011-2015) for Jiangsu identifies a number of issues including
low operation loads of WWTPs; fluctuations in influent water characterisation and unstable N
removal to meet the discharge standard; sewage pipe network issues including rainwater
infiltration; slow progress of network development; slow progress with development of sludge
disposal/re-use solutions; and general and wide-reaching issues with the management and
regulation of WWT operations (Zhu Mei, 2011). Priority areas for investment include construction
of city and town sewage treatment facilities; sludge disposal, operational loading rates, and
waste resource utilisation rates, as well as grey-water utilisation rates; planning for urban and
rural domestic pollution control; the integration and homogenisation of urban and rural Lake Tai
treatment; strengthened market-orientation including specialised operations and third-party
supervision; WWTP optimisation management to ensure stable operations; and standardising
effluent quality from city and town sewage plants.

Australia - China Partnerships: Supporting Integrated River Basin Management
Through the Australia China Environment Development Partnership (ACEDP), the Aus Lake Tai
Cluster (AUS Cluster) led by Earth Systems and the NDRC’s International Cooperation Centre
(ICC) has been implementing the Lake Tai Water Pollution Treatment Project (‘the Project’) in
Suzhou, Jiangsu and Huzhou, Zhejiang Province. The Project has been supporting current efforts
to manage nutrient pollution in the Lake. Its objective is to increase awareness of Integrated
River Basin Management (IRBM) approaches
including institutional governance, science
based management, and technical measures
for pollution and algal control.
The Project has conducted a series of activities
in the area of wastewater management. At
the

“Wastewater

Nutrient

Removal

Optimisation and Sludge Treatment Review
and Workshop” held in 2009, inefficiencies in
the operation of WWTPs in the Lake Tai Basin
were identified - particularly in the reduction
of TN (total nitrogen) from WWTPs. Subsequent
activities including the Wastewater Treatment

Chinese officials visit Hunter Water’s Morpeth
Wastewater Treatment Plant, Newcastle,
December 2011

and Recycling Technologies Australian Working Visit in December 2009 and a WWTP
2
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Optimisation Modelling Activity in October 2010 confirmed that there are significant
opportunities for cost effective reductions in TN.
Recognising the significant opportunities in strengthening wastewater treatment in the Basin,
the NDRC, municipal governments of Suzhou and Huzhou and the AUS Lake Tai Cluster
developed a Project Extension titled Policy Orientated Optimisation of Wastewater Treatments
in Lake Tai. This extension was approved and commenced in August 2011. Activities involved
the conduct of dynamic modelling demonstrations at WWTPs in Suzhou and Huzhou and a
series of engagements between the AUS Lake Tai Cluster and relevant Chinese agencies to
assess current needs and identify specific opportunities for strengthening wastewater treatment
across the Basin.

Policy directions for Strengthening Wastewater Treatment in the Basin
The policy directions outlined in this document are directed at senior government decisionmakers and wastewater management practitioners. They are intended to inform the
Government’s policy, planning and management of nutrient pollution in the Lake Tai Basin.
This work draw heavily on modelling demonstration exercises conducted at two WWTPs in
Suzhou and Huzhou (see Annex) and the experiences shared by Melbourne Water and Hunter
Water Australia during a number of workshops in China and working visits to Australia.
Priority policy directions for strengthening Lake Tai wastewater management are outlined for
the following areas:
1. Governance and Business Imperatives.

5. Wastewater treatment management systems

2. Wastewater regulation

6. Competency in wastewater treatment

3. Planning for Growth

7. Energy efficiency in wastewater treatment

4. Wastewater modelling

8. Research and Development

A key recommendation is the establishment of a Water and Wastewater Centre for Excellence
in Suzhou. The Centre would be a hub for Sino-Australia initiatives in the Basin and in the area of
wastewater treatment, would aim to:
•

Provide a standardised approach to sampling and analysis across the region.

•

Become a resource centre for knowledge sharing.

•

Become a centre of wastewater education.

•

Become a centre for operator training.

•

Become a design resource.

•

Become a centre for energy efficiency.

3
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Policy directions for Wastewater
Treatment in the Lake Tai Basin
1. Governance and Business Imperatives
Context: Move to a more Integrated Approach
The Lake Tai Master Plan (NDRC 2008) calls for a strengthened integrated approach to the
management of Lake Tai through improved institutional governance and pollution control
mechanisms.
Some cities in China have already started integrated water management initiatives to improve
the water resource management through institutional reform. Suzhou is a good example in the
Lake Tai Region. Suzhou municipality has formed a new Water Bureau through the transfer of
the drinking water and wastewater functions from the Construction Bureau and water resource
management functions from the Water Resources Bureau. The new Water Bureau allows all
water issues to be integrated and for water recycling opportunities to be more easily
developed.
A considerable effort is required to achieve an integrated approach to water management in
other municipalities and at the provincial and national levels of government. Unless there is a
focused initiative to reform and align this new integrated form of water management across all
levels, the new integrated institutions will be potentially frustrated in achieving the full gains of
integration by confusion and misalignment with other bureaus, departments and ministries.
There are also a variety of business models adopted for the ownership and operation of
wastewater treatment plants (WWTPs) by different municipalities. For example, there are state
owned WWTPs run directly by the government as part of a bureau or corporatized company
and also WWTPs run by private companies under build-operate-transfer arrangements (BOT).
However there is not yet a consistent framework covering the policies and regulation of these
different arrangements.
Therefore, a policy framework and appropriate laws/regulations needs to be developed that
will allow for different business models yet achieve a more integrated and efficient delivery of
wastewater treatment services across the basin.

Addressing these issues in Australia
Over the past two decades, the Australian Government has developed a set of coordinated
arrangements between national and provincial/state governments that aim to achieve
environmental protection and improved water quality in water bodies. At the same time, there
has been a major water reform program that has allowed water management to move to a

4
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mature phase where government service providers have been corporatized, are financially selfsufficient and are regulated by independent State Government environmental agencies. These
government water corporations are driven to be financially efficient and use a variety of
contractual arrangements including build-own-operate-transfer arrangements for large WWTPs
to deliver services to their customers.
Matched to this move to have corporatized service providers, State environmental regulators
have moved to stricter output-based licensing of wastewater discharges with significant
penalties for license breaches. Because of these moves, there has been considerable pressure
for service delivery agencies to become far more financially efficient and innovative at
wastewater collection and plant operations.
Australia’s governance arrangements and experience in the wastewater treatment sector has
been outlined at a number of engagements with Chinese partners through the ACEDP Lake Tai
Project. Areas of interest include:
•

Relationships between planners, regulators, service providers and the community in the
overall planning and management of water resources and provision of water and
wastewater services; and

•

Institutions and regulatory mechanisms for environment protection, price regulation and
levels of service (continuity, response times to disruptions and customer complaints).

Policy directions: Governance and business imperatives


Undertake a strategic review of water/wastewater utilities in the Lake Tai area to explore
opportunities for a more integrated and efficient approach to utility management and
regulation in the region; and corporatized approaches to wastewater service provision.



Explore the utilisation of external service providers to support utilities meet their business
objectives.

Officials from Lake Tai and AUS
Cluster specialists from Hunter
Water and Earth Systems discuss
future needs and policy directions
for wastewater treatment in Lake
Tai
via
video
conference,
Newcastle, Australia, 2011

5
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2. Wastewater Regulation
Concentration limits, load licensing and receiving water bodies
Good pollution control regulation has a number of key elements. It is based on good science
and clear objectives and targets for waterway health; it is flexible and adaptable as
understanding develops; and it allows resources to be applied to those areas in most need.
Over the last 5 years there have been considerable efforts made to increase the understanding
of water quality problems in the Basin. This has in turn informed on-going regulatory reform.
Wastewater

regulation

in

Lake

Tai

currently

focuses

on

pollutant

concentrations.

Demonstrations conducted by AUS Cluster and Suzhou and Huzhou municipalities have
indicated potential

for significant reductions in

nitrogen concentrations (see section 4) and potential
for revised nitrogen concentration limits. There is also

Experience shows that priority must

growing recognition of the need to re-examine load

be given to control the total volume

discharge limits strengthening the link between

of pollutants. Total volume and

wastewater discharge and the assimilative capacity

concentration of contaminants must

of the receiving water body (NDRC 2010).

be strictly controlled.

Load discharge limits are currently considered at the

(Lake Tai Master Plan, NDRC 2008)

planning/design stages. At the broader scale the
Provincial government establishes a discharge load
limit for each municipality. The municipality then sets
limits for industry, residential and rural areas. For WWTPs, discharge limits are considered during
design phase and outlined in the environmental impact assessment. These limits are not based
on the assimilative capacity of the receiving water body but on the design treatment capacity
(based on the treatment needs of the service area). Usually design capacity is based on 15-20
year forecasts for population and economic growth and therefore does not create an
immediate driver for WWTPs to optimise load performance.
There are a number of load based regulatory
instruments that can be considered:
Load based discharge licensing frameworks
usually include the following dimensions:
•

The regulator determines the total load for
a particular pollutant that a receiving water
body is able to assimilate – this is based on
best available science. It is recognised that
this is not always immediately achievable
and an adaptive or staged approach

Chinese officials visit Morpeth Wastewater
Treatment Plant, Newcastle, December 2011
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might be required.
•

Individual WWTPs are allocated a load cap for each of the priority pollutants (i.e. the more
important ones that the regulator chooses to more tightly manage). Approval from the
regulator is required to increase the load cap. In setting loads for individual plants the
regulator considers the cumulative impact of both point and diffuse (non-point) pollution.

•

Further the regulator can introduce load based fees. These are fees that the utility pays the
regulator based on the annual load discharged (e.g. $ per ton of nitrogen, $ per ton of
phosphorus, $ per ton of COD). The regulator can use differential pricing to drive the
required environmental outcomes. This has a number of benefits:

•

It promotes a user pays (or polluter pays) system;

•

It provides a source of income for the regulator to invest in further targeted science on the
receiving water or to mitigate some of the environmental impacts through other programs.

Bubble licensing frameworks can be considered as a next step. Under these types of schemes
a catchment or sub-catchment based load limit is set and the utility is able to optimise
investment at various plants to achieve the set load limit. It may be that achieving a reduction
in nitrogen at plant A has a much lower cost per ton than plant B. This would best occur after
load based licensing has been bedded down and the regulator understands the trade offs and
implications of establishing a “bubble licensing framework”.
Load Trading - It is also possible in the future to move to a load trading scheme if desired. This is
where annual load limits can be traded between entities (e.g. industrial discharger and utility).
Examples of load trading schemes already exist in the Basin – Discharge License Paid Use and
Trading Platform for Major Pollutants in Jiangsu Lake Tai Basin (Jiangsu, 2011; GOC 2007).
Policy directions: Strengthening the Regulatory Framework
Develop a revised regulatory framework for managing the discharge of effluent from WWTPs
in the region.


Review opportunities for strengthening Grade 1A water quality standards based on further
trialling of performance improvements at WWTPs (i.e. providing drivers and incentives for
reducing nitrogen levels to at least 5mgN/L where possible).



Draw on current load based licensing work in Lake Tai (industrial sector) and investigate
applicability of various load (and then bubble) licensing frameworks for WWTPs in the Lake
Tai Basin

Develop an inventory of all treatment plants in Lake Tai River Basin and current status in terms
of pollutant loads. This will be an important step in progressing any load based license
approach. It will also assist in comparing current performance against targets to understand
gaps, and enabling development of a prioritised strategy to reduce nitrogen loads.

7
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3. Planning for Growth
Context: Rapid urbanisation and industrialisation
The Lake Tai Basin is home to more than 49 million people. The region has one of the highest
population densities in China (1340 person/km2) and the non rural population continues to grow
rapidly – the population in Suzhou city has increased from 3.88 million (2000) to 6.21 million
(2009). This urbanisation has been coupled with rapid industrialisation over the same period. The
Gross Domestic Product (GDP) of Jiangsu Province, mostly industrial, accounted for 10.27
percent of the national GDP (Jiangsu GDP in 2009: 3445.73 billion RMB, national GDP in 2009:
33535.3 billion RMB) (GOC 2010).
During the period between 2000 and 2009 in Jiangsu Province, urban residential use of water
increased from 1.46 billion m3 to 2.04 billion m3 (39.7 %) and wastewater discharge from 1.474
billion m3 to 2.662 billion m3 (80.6 %). Similarly, industrial wastewater discharge increased from
2.019 billion m3 to 2.674 billion m3 (32.4%) (GOC 2010).
Understanding growth patterns is essential for wastewater treatment planning and investment
across the Basin. This task is the responsibility of the Department of Housing and Urban – Rural
Development (DHURD) at the Provincial Level. DHURD drafts mid-term and long-term planning
for city development and associated infrastructure informed by data on population growth,
economic growth and land-use change projections. Agencies at the municipal level are then
tasked with formulating and implementing wastewater treatment projects within the framework
set by DHURD. A number of municipalities are using GIS tools to inform this process. Suzhou has
its own "urban planning information centre" and has already made several GIS models
(www.digitalsz.cn). Wuxi Planning Administration has built a GIS application platform（Wuxi
2011).

Tools for growth planning
Process modelling - as outlined in section 4 below, process modelling coupled with population
and industrial data (actual and forecast) can be used at a macro scale to assess if existing
regional capacity is sufficient and, if a shortfall exists, the size and power needs of any
upgrades.
WWTP Life-cycle mapping – Water utilities can develop conceptual diagrams which map the
life-cycle of WWTPs through the various stages of design, operation and upgrade. These tools
are critical for:
•

Providing a systematic framework for upgrading wastewater treatment infrastructure;

•

Proactively assessing and taking into account growth within the wastewater catchment;

•

Creating a decision making framework that maximises compliance while minimising the
capital expenditure; and
8
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•

Ensuring operating entities have significant influence on infrastructure configuration and
process design to ensure it can meet set standards and operability needs.

Figure 2: Hunter Water Corporation’s Treatment Plant Lifecycle (2012)
‘Next Generation’ GIS Based Growth Mapping Tools - which draw on a range of land use and
socio-economic data (Figure 3) can be used to map spatial growth within the wastewater
catchment allowing for prudent capital investment decision making. These tools are
continuously updated with current information and are used to inform revised forecasts and
annual asset/investment planning. This ensures investment efficiency - investing in the right
infrastructure (e.g. technology, scale) in the right place, at the right time and also ensures
ongoing environmental protection.

Figure 3: Conceptual framework of HWC’s GIS Decision Support Tool
9
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Policy directions: Planning for Growth
Develop as part of the Lake Tai Master Plan a framework that prioritises forward investments in
the wastewater sector and maximises cost efficient Nitrogen reduction across the Basin.


Compile an inventory for all WWTPs in Lake Tai catchment, and using process modelling,
conduct a capacity analysis of wastewater treatment infrastructure.



Assess WWTP’s ability to meet effluent quality targets and compare with catchment water
quality targets. Integrate findings with regional population growth and development
planning.



Pilot the implementation of ‘next generation’ spatial growth mapping and analysis tools
to assist with understanding and managing ongoing growth and optimising capital
investment.



Develop a standardised approach (based on WWTP life-cycle mapping) across the Basin
for WWT investment decision making.

4. Wastewater Modelling
Wastewater modelling formed a large part of the work conducted in Suzhou and Huzhou
throughout this project. As such there is a risk that the project emphasis will appear to lean
towards modelling, whereas modelling should only be seen as one of the tools which may be
used in the planning, design and operation of wastewater treatment facilities. Nevertheless,
while the attention it has drawn through this project may be disproportionate, it remains that
modelling is a powerful symbol of a new approach that might be adopted in China to provide
local authorities with much greater institutional capacity to control the nature and direction of
wastewater treatment in their regions.

Current Use of Modelling in China
As the policy focus shifts to performance optimisation and decisions about future plant
upgrades, there is growing recognition of this initial work and the need to build competence
and trust in these tools’ ability to inform policy and management decision making. At the
national level leading institutions such as Tsinghua University and the State-key Joint Laboratory
of Environmental Simulation and Pollution Control have recommended more attention be paid
to the implementation of these advanced techniques in municipal WWTPs (Qin Y. et al. 2010). In
Wuxi Municipality the use of these tools has been explored by the North China Municipal
Engineering Design and Research Institute. In Suzhou and Huzhou steady-state and dynamic
modelling was introduced through the ACEDP Lake Tai Project and demonstrations have been
conducted in three (3) wastewater treatment plants. Suzhou continues to conduct modelling
trials at one (1) treatment plant. Some of the modelling work conducted during this project is
outlined in the annexure to this report.
10
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Figure 4: (a) Example of a steady-state spreadsheet model and (b) a screenshot of the user
interface of the BioWin dynamic-state modelling software.

Wastewater Modelling as a tool for decision making
Wastewater modelling is a powerful tool which may be used in the planning, design and
operation of wastewater facilities.
Planning - Models, particularly the relatively simple steady state spreadsheet models, can be
used to quickly calculate the planning information needed to decide where and if new
treatment plants are located. For every treatment plant in a region the model can be used to
determine the actual capacity, provided some data for the actual plant is available.
Population and industrial (actual and forecast) planning data can be used to assess whether
existing regional capacity is sufficient and, if a shortfall exists, the size and power needs of any
upgrades. Where industrial zones are planned, the model may be used to assess how industrial
effluent will impact on local treatment plants both in terms of capacity and operating cost,
allowing an assessment to be made of financial charges that might need to be levied against
the factories.
Design - A steady state model can be quickly configured to deliver the key design outputs
required for a WWTP. The outputs include, amongst other things, the size of key units, aeration
sizing, recycle flows and power consumption. The model may be set up to achieve the best
design for nutrient removal, and allows for both enhanced biological as well as chemical
phosphorous removal. After examining a steady state model a dynamic simulation can be
performed to determine how the plant operates with diurnal variation in influent as well as how
it responds to sudden changes, such as to wastewater temperature or the introduction of
strong industrial waste.
Operation - In order to use a process model to assess the operational performance of a
treatment plant, a vital step is to calibrate the model. A calibrated model allows the plant team
to assess the impact that changes to plant performance might have. In addition it allows an
accurate assessment to be made of the actual plant capacity, allowing plant management to
11
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assess how it will cope with future growth, or the addition of an industry to the catchment.
Finally, the model will form an important component of energy audits on the plant, enabling
process engineers to assess the impact on plant performance of cutting back on energy
intensive processes such as aeration.
Plant Optimisation
Modelling work conducted at the Shibei WWTP in Huzhou, indicated that while the plant has
a nominal 30,000 ton/d capacity, it may in fact have the capacity to treat significantly
greater load. The modelling also showed the potential for minimising power consumption
and maximising nitrogen removal at the plant through enhanced control of the surface
aerators. The modelling also indicated that the imposition of strict COD limits might be
counter-productive,

necessitating

increased

capital

expenditure

with

little

or

no

environmental benefit being gained.

Requirements for successful wastewater modelling
The key constraints include lack of knowledge of fundamental theory and accuracy of input
data. Failure to understand the constraints carries the risk of losing confidence in the tool.
Knowledge of Theory - Understanding theory is important to decide how best to set up models
and then to interpret the results effectively. In addition it enables the model user to do quick
hand calculations to assist in selecting options for modelling. Without a sound understanding of
much of the theory behind modelling, models can quickly fall into disuse as the users fail to
understand how to extract best value from this tool.
Wastewater Theory
Current wastewater theory was developed in the 1970’s and is best
expressed through publications such as the International Water
Association’s (IWA) book “Biological wastewater treatment: Principles,
modelling and design” (Henze, van Loosdrecht, Ekama, and
Brdjanovic 2008) and the IWA Activated Sludge Model #2 (ASM#2).
This theory is applied to planning, design and operation of WWTPs
through incorporation into mathematical process models, which may
take the form of steady state calculations incorporated into
spreadsheet models or dynamic models sold as commercial
packages such as BioWin or GPS-X.
Before modelling can be widely used in planning, design and operation of WWTPs in China, it is
valuable to understand how best to use them and the constraints which apply to their use. It is
important to note that the internationally accepted IWA theory provides a common language
and framework for industry practitioners such as planners, designers and operators around the
world. The models are merely a mathematical expression of that language, but understanding
12
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the theory allows the practitioners to have a basis for informed, defensible planning, accurate
and consistent design and the ability to evaluate and optimise both the performance and
capacity of wastewater treatment plants.
Database of the Model - The data inputs to models are often based on laboratory analyses or
site measurements of flows and solids quantities. Both are extremely prone to error with the
former relying on correct sampling and accurate, reproducible laboratory analyses and the
latter on calibration of site instruments. The science of sampling and analysis is not
straightforward and to achieve consistency across regions requires common procedures and
techniques, and peer reviews of laboratories – this is typically done by comparing the results of
different laboratories in analysing sets of standard samples. Theoretically all labs should get the
same results for a standard sample and deviations from this point to where laboratory
improvements might be needed. In measuring flows and solids quantities on site, it is helpful to
make use of physical calibration of some instruments (e.g. filling tanks to check flow meters).
Getting the right information for calibration
The model can only accurately represent the treatment plant if the design features and
operating conditions of the plant are correctly entered into the model. Similarly, the raw
sewage influent analyses need to be accurate and representative, requiring correct
sampling and analytical procedures. Performing the calibration is a useful exercise in itself as
it provides the process engineering team with an opportunity to gain a detailed
understanding of the plant and also highlights areas where information is deficient or
doubtful, prompting actions on the plant that improve operational accuracy.

Policy directions: Wastewater Process Modelling
Reconsider the fundamental approach to the design of wastewater treatment plants to
ensure that plants can meet both regulator and operator needs and expectations.
•

Continue to trial the use of steady-state and dynamic modelling in selected wastewater
treatment plants in Lake Tai.

•

Develop skills (see Centre of Excellence) in wastewater theory so that modelling can be
used effectively in the planning design and operation of wastewater facilities.

•

Develop a ‘best practice’ approach to design of WWTPs incorporating risk (such as Hazop
– Hazard and Operability Study) and value management processes as well as strong
operator input.

•

Use modelling as a component of energy audits on selected WWTPs to optimise both
energy use and performance of the plants.

13
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5. Management Systems
Context: Management Issues Remain a Key Challenge
Wastewater treatment plants in the Lake Tai Basin are currently experiencing a number of
management issues, common to treatment plants across the globe including:
•

Underperforming assets due to poor knowledge of treatment processes;

•

Strengthening regulatory environment resulting in increasing pressure to meet tighter
standards and targets;

•

Multiple data and information systems and poor access both within individual plants (i.e.
spreadsheets, employee notes, reports, audits, lab data) and across the sector;

•

Inefficient monitoring systems – often too much data is collected (at unnecessary cost) while
at the same time data critical for management decision making is not collected;

•

Low confidence in data including errors in data sampling and analysis both at site and in
laboratories; and

•

Late detection and inconsistent responses to treatment problems leading to reoccurring
problems.

The Lake Tai Master Plan calls for the establishment of supervising and assessment systems for
wastewater treatment plants. Online monitoring systems at WWTPs on inflow and outflow water
have been established. Evaluation standards for the improved management of WWTPs have
been developed by the Jiangsu DHURD (2009) and are currently used for annual assessments of
WWTP performance. These standards include 10 key elements including sewage and sludge
management; operation management; energy consumption and cost; sample analysis;
equipment and apparatus; safety management; and
documenting / reporting.
Our experience has shown that
this exercise not only results in a

A systematic, coordinated response

more focused program but also
There is an opportunity to assist in current efforts to

significant savings in monitoring

improve WWTP management systems. The Australian

costs. There is also much better

wastewater

concerted,

understanding from all parties on

systematic and coordinated effort is required to address

why monitoring is undertaken and

these issues including:

its relevance for plant operational

Monitoring

sector

has

Frameworks

found

–

that

a

Development

of

robust

decision making.

monitoring frameworks are best achieved by revisiting

(Peter Dennis, Hunter Water)

‘first principles’ of the plant wastewater treatment and

Corporation)

involving all key stakeholders - planners, plant operators,
and plant managers. It is vital to get support from each

14
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of these groups. Wastewater modelling and Critical Control Point (CCP) thinking can also be
effectively applied to inform decisions about what data should be collected and how it will be
used.
Data management - It is important to have systems in place that enable timely determination of
treatment process problems and that feed directly into plant troubleshooting processes.
Systems can be established to ensure that data also feeds into pre-determined long term trends
that are useful triggers for major maintenance activities or planning activities (e.g. diffuser
replacement, triggers for considering capacity upgrades).
Knowledge Management Systems – KMSs allow for comprehensive management of WWTPs.
They provide a centralised platform for operational procedures; data management and
analysis; and management processes and tools. A user-friendly interface including drawings,
standard operating procedures, control documents, reports, equipment manuals, external
websites and photos enhances effective utilisation of this system.
Common Approaches - It is also highly desirable to have a common ‘regional’ approach to
systems and frameworks for managing plant operation/ optimisation. It is worthwhile for the
region to invest in the development of a unified approach for: identifying plant monitoring
requirements; data collection and analysis; reporting and evaluating performance; and
process troubleshooting.
Policy directions: Management Systems
Transfer Australian systems and frameworks for WWT to Lake Tai
•

Develop a standard operating framework for all plants in the Lake Tai region to enable
ongoing plant operation and optimisation. This would include:
o Developing a scientifically based rationale for plant monitoring
o Apply critical control point approach to operating treatment plants. Dynamic
modelling can be utilised to understand the process and develop robust CCP setpoints.
o Developing standardised system control and data acquisition (SCADA) systems for use
at treatment plants.
o A dedicated operational spreadsheet for each plant which enables data analysis,
trending and facilitates process troubleshooting.

•

Development of capability in pursuing continuous improvement through root cause
analysis and process troubleshooting techniques.

•

Work with relevant authorities to help strengthen existing WWTP guidelines and assessment
processes. These initiatives will not only provide benefits in terms of improved and more
consistent effluent quality but also in terms of reduced energy usage.

15
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6. Competency in wastewater treatment
Context: Catching up with WWT investments
Given the large number of new WWTPs that have
been constructed and commissioned in the Lake
Tai region over the last five (5) years it is expected
that it will take some time to fully develop a strong
base

of

suitably

qualified

and

experienced

wastewater treatment scientists, managers and
operators. This challenge extends across China as
the country continues to invest in wastewater
treatment on a massive scale. The wastewater
demonstrations carried out in Suzhou and Huzhou
highlighted

a

number

of

human

resource

Officials visit a WWTP in Queensland,
Australia 2009.

constraints including knowledge of wastewater theory, experience in wastewater steady state
and dynamic modeling, and understanding of WWTP systems and processes.
The Government is currently addressing this issue. Relevant qualifications for wastewater
technical personnel and managers have been established. The qualifications are assessed
during annual WWTP performance reviews. Provincial and municipal authorities have provided
training programs - however there is little coordination across agencies, each with their own
training programs and qualifications.

Developing the human resource base
There is an opportunity to establish a wastewater training centre in Lake Tai and to develop a
set of accredited and commonly recognised wastewater industry qualifications with very clear
categorisation of corresponding competency required for certain qualification levels (see
Figure 5).
During working visits to Australia, Chinese officials visited the Water Industry Training Centre in
Geelong, - a registered training organisation (RTOs) providing nationally accredited vocational
training to water industry practitioners. RTO’s like the Water Industry Training Centre’s have a
number of advantages:
•

Professional training institution that have appropriate human resources and teaching
resources;

•

Focused on practical, competency based skills development; and

•

Providing a link between industry and the education sector.

16
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Figure

5:

Pathways
Australian

Qualification
offered
Water

by

Training

Centre. Source: Australian
Water

Training

Package

NWP07.

Policy directions: Capacity
Establish a training centre and develop an accredited and nationally recognised framework
for training and development.
•

Develop a competency based skill profile for plant management and operator positions.

•

Develop a training curriculum for mangers linked to required competencies covering
areas such as a) biological nutrient removal process optimisation and troubleshooting; b)
plant monitoring and establishing data frameworks; c) establishing best practice
knowledge systems for WWTP operation; and d) energy consumption.

•

Develop a training curriculum for operators linked to required competencies covering
areas such as a) biological and chemical processes; and b) plant control, maintenance
and operational systems.

Establish

WWT

practitioner

networks

(or

“community

of

practice”)

where

plant

managers/operators share learning and knowledge between plants.
•

Build capacity of a core group of experts in the use and calibration of wastewater models

•

Develop enhanced capacity in a) wastewater treatment theory; b) modelling software
and application; c) moving to best practice design; d) understanding process issues
impacting on plant performance; and e) process troubleshooting.
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7. Energy Efficiency in Wastewater Treatment
Context: Energy shortages across the Basin
The Lake Tai Basin is one of the largest energy
consuming regions in the country. Both Jiangsu
and Zhejiang provinces are experiencing

Summer power shortage forecasts - 2011
East China
Provinces

Maximum
Deficit

Maximum
Load

Supply or
Generation
Capacity

Zhejiang

3.5 - 5.0

50

57.2^

Anhui

2.5

n/a

29.3^

Government, led by the National Reform and

Jiangsu

11.0

69

59

Development Commission and its provincial

Shanghai

0.6 - 1.1

28 – 28.5

27.4

significant

(10-15%)

annual

electricity

demand

and

increases

severe

in

energy

shortages are becoming a significant issue.
Over the last five (5) years the Chinese

counterparts,

has

been

implementing

a

comprehensive suite of energy conservation
policies. The recently released 12th Five Year
Plan 2011–2015 indicates an expansion of

All Numbers in Gigawatts (GWs)
^ total generating capacity end of 2010
Source: Reuters (based on government / media reports)

energy conservation programs and a target
for a 16% reduction in energy consumption per
unit of GDP over the next 5 years.

Energy Efficiency in Wastewater Treatment
The

wastewater

treatment

sector

offers

considerable opportunity for Governments

Hunter Water Corporation’s key success

across the Basin to contribute to energy

factors to reducing energy use:

efficiency goals. According to information

•

Commitment from executives;

obtained through the ACEDP Lake Tai Project

•

Access to good quality data;

•

Staff engagement / involvement;

•

Supporting

demonstration activities:


Energy

costs

percentage
wastewater

represent
(between

treatment

the

largest

30-40%)
plant

of



structures

and

processes; and

operation

costs in the Lake Tai Basin.

systems,

•

There are 300 WWTPs in the Lake Tai Basin

Utilising conventional business practices
and conventional technology.

which with a capacity of 7.2*106 m3/d and
accumulated energy consumption of 5*108 – 8*108 kWh per annum.


WWTPs are one of the biggest energy costs for municipalities across the Basin since power
supply must be guaranteed 24 hours a day.

As the Lake Tai region moves towards treatment processes with increased nutrient removal
capability the use of energy will increase, potentially doubling. While the Government
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recognises the issue and WWTPs energy performance is currently being evaluated annually
(Jiangsu DHURD, 2009), there is significant potential to take this further and to realise substantial
energy savings - using conventional business practices and technology.
Hunter Water Corporation has recently embarked on a Cost Effective Energy Reduction
Program – developing frameworks and audit protocols for reviewing wastewater treatment
plant energy usage.
Application of this framework has enabled very significant energy savings of around 20-30%
reduction in energy costs. Investment in better process control to reduce energy usage has also
resulted in effluent quality improvements so it has been a win – win for the company.
Hunter Water is continuing to explore opportunities for further energy efficiency by:


Embedding energy efficiency in the design stage;



Improving sub-metering and energy dashboards at treatment plants; and



Exploring the potential for load shedding (operating at minimum energy levels by turning off
non essential processes during peak energy periods).

Load shedding may have significant potential in the Lake Tai energy constrained region
however will need to be coupled with strengthened capacity to manage WWTPs – through
increased knowledge of the theory, use of models to understand processes and improved
monitoring and management systems.
Policy directions: Energy Efficiency
Explore potential for energy efficiency (coupled with effluent improvements) in the Lake Tai
wastewater treatment sector.
•

Under the leadership of provincial/municipal Development and Reform Commissions,
design energy efficiency strategy for WWTPs in the Lake Tai Basin that includes energy
auditing and load shedding opportunities. There is an opportunity to accelerate the
development of this key area by basing it on the systems and insights from Hunter Water.

•

Identify and engage with relevant government agencies, research bodies and current
programs working on energy efficiency in the Lake Tai Basin and nationally;

•

Conduct energy audits (coupled with dynamic modelling) and develop efficiency plans
in selected WWTPs in the Lake Tai Basin to demonstrate energy saving opportunities; and

•

Incorporate energy efficiency in wastewater treatment in the Lake Tai Master Plan and
provincial /municipal planning processes.

19
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8. Research and Development
It is important to promote innovation and not always accept existing paradigms. Several areas
for future research and development have been identified by the AUS Cluster and Chinese
partners during the implementation of the Lake Tai Water Pollution Treatment Project.

Inflow & Infiltration
Inflow and infiltration (I&I) is a critical strategic issue for Lake Tai. Suzhou and the Lake Tai plains
have very high groundwater levels (less than a metre from the surface in many regions). This has
important implications for wastewater networks placing them at increased risk of infiltration.
During the annual network checks, Suzhou Water Bureau found that infiltration rates in some
areas can be as high as 30%. During a modelling exercise at the Fuxing WWTP in Suzhou (ACEDP
2009), it was noted that the wastewater contribution per capita was almost as twice as the
contribution that would be expected from an Australian catchment. It has been assumed that
the greater contribution in Suzhou arises from infiltration rather than profligate water use. Inflow
from other sources such as stormwater collection systems may also be exacerbating these
issues.

Salt water infiltration in Hunter
Water’s

pipeline

network

before pipe relining.

High levels of inflow and infiltration leads to the following issues:


Dilution of the strength of the sewage and introduction of dissolved oxygen – which
decreases the nutrient removal effectiveness of WWTPs.



Inflows/infiltration resulting in lower wastewater temperatures which impact nitrogen
removal in winter months.



Increased wastewater volumes requiring pumping and treatment and its associated cost.



Impacts on system capacity increasing risks of wastewater overflow into the environment.
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Responding to this issue, Suzhou Drainage Department has gradually adopted a series of
measures - substituting pipes prone to infiltration with plastic pipes (e.g. PVC or HDPE), and
replacing the brick wells with plastic to reduce infiltration.
However investing in addressing these issues can be costly and good strategic planning is
required to identify projects that will yield most benefit for the utility. The first step is to assess the
impact on current treatment and the receiving environment; then evaluate the potential
cost/benefit of investing in improvement projects. For example, Hunter Water Corporation has
found that in areas of high dry weather infiltration the payback period for pipe lining
investments has been relatively short as a result of energy savings. So having a well-targeted
program may assist with treatment plant performance, reducing system constraints and
reducing pumping costs.
Policy directions: Inflow and Infiltration R&D
•

Undertake a detailed investigation into I&I and impacts on plant performance and diffuse
nitrogen pollution (as a result of system constraints). The investigation should: a) provide
an enhanced understanding of the extent of the issue; b) identify priority areas for
renewal, refurbishment; c) identify potential solutions.

•

Select a number of priority areas for I&I management and undertake demonstration works
to address these. It is important that a benefits realisation approach is taken (i.e.
significant focus on measuring the benefits of investment so insights can be made and
strategy optimised.)

Membrane Technology
Although Membrane-Based Reactors (MBR) are not commonly used in the Lake Tai region (only
a few WWTPs have them), the use of this technology is set to grow rapidly both in China and
across the globe thanks to advantages in size, treatment performance and improvements in
energy consumption. Recent work published at Weftec Los Angeles 2011, reports on changes
to MBR design procedures which significantly improve energy consumption, further enhancing
the use of this technology for new WWTPs. With the rise of China as one of the biggest
producers of membranes China has an opportunity to not only develop a competitive
advantage in production but in research and innovation in this area.
The fact that the Lake Tai area is particularly important from an environmental perspective may
further drive the implementation of this technology, which, if correctly designed can
consistently produce a better quality effluent than the traditional wastewater process. An
example of this is in Wuxi, the city most affected by the Lake Tai algae blooms in 2007. Wuxi has
commissioned a total of 5 MBR plants between 2009-2010 (see Table 1). MBR is considered to be
a major technology for wastewater reclamation for reuse purposes. The Chinese government is
working on establishing more comprehensive reclaimed water supply, usage and tariff systems
to enhance the implementation of reclamation.
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Table1: MBR based plants in Jiangsu province (Judd, S 2006)
Plant Name

Capacity (MLD)

Wuxi City

Hudai WWTP

21

Wuxi City

Meicun WWTP

30

Wuxi City

Xincheng WWTP

20

Wuxi City

Shuofang WWTP

20

Wuxi City

Chengbei WWTP

50

Kunshan city

Kunshan WWTP

15

Taixing

Binjiang WWTP

30

Dafenggang

Dafenggang WWTP

10

Location

Another future use of MBR will be for upgrading existing processes on constrained sites. An
example would be the Unitank processes where, with aeration modification and the installation
of membrane tanks, the plant capacity may be significantly increased, with such
augmentation potentially being less costly than the construction of new facilities. Thus the
technology may be used to deal with both capacity and effluent quality constraints.
Policy directions: Membrane R&D
•

Review design procedures for MBRs to include new energy efficiency measures.

•

Consider assessing an existing process (such as a Unitank) to determine the impact of
capacity and effluent quality of converting it to an MBR.

•

Review the performance of an existing MBR in Jiangsu province to assess the energy
efficiency and effluent quality performance of the process.

Bio-solids reuse
With the rapid development of wastewater treatment capacity between 2005 and 2010, the
amount of sludge produced from the process increased significantly in China. According to
research by China Water Net (2011) a total of 22 million metric tons of sludge was produced
and it is estimated to increase by approximately 15 percent annually. Based on the report, 80
percent of the sludge is not properly treated.

Currently, the prevailing sludge treatment

technologies are dehydrating and land filling. However, these methods are becoming
outdated and more costly to implement. Potential benefits could be sought by using improved
technologies like anaerobic fermentation. This biological process offers a number of
advantages; including reducing secondary pollution and producing a methane gas suitable for
energy production.
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According to the Suzhou Drainage Management Division around 600,000 tons of dry sludge
with an average of 80 percent water content is produced in Suzhou every year. From that
around 40 percent goes to a landfill, 40 percent to incineration and rest is used as fertiliser. Since
in China most of the WWTPs inflow has a considerable portion of industrial wastewater, land
application of bio-solids in food producing areas is restricted. Therefore, sludge is normally
processed through composting to make fertiliser but only for landscaping and trees. Nationally,
bio-solids application standards have been set by the Ministry of Housing Urban Rural
Development (MHURD, 2009; MHURD, 2011) and there are corresponding implementation
regulations from Ministry of Agriculture.
Since traditionally the cost of sludge treatment has been relatively high, there has not been
much development in the sludge treatment market in China. However, following the recent
regulation enforcement and the pressure of environmental protection there are enough drivers
to make it a new priority as shown in the 12th Five Year Plan. Housing and Urban/Rural
Development agencies, in charge of WWTP regulations and policies, promote beneficial reuse
of bio-solids, for non-agriculture land reuse. However the Environmental Protection agencies
generally promote incineration, considering it is the most direct way to minimise sludge released
to the environment.
The ACEDP Lake Tai Project focused on the issue of bio-solid reuse during a number of
engagements. An initial trial on sludge reuse & disposal using a hydrothermal upgrading (HTU)
process was conducted in 2010 which indicated applicability for the Lake Tai region and
marginal economic viability. More studies are required to firm up the potential of this
technology. During a working visit to Australia, Chinese wastewater sector officials expressed
keen interest in HWC’s work on the use of bio-solids for land rehabilitation. One of the other
areas discussed on the technical tour to Hunter Water was the opportunity to utilise bio-solids for
land rehabilitation. This area may have significant potential in China and further
technology/knowledge exchange in this area would be worthwhile. As an example, bio-solids
reuse for mine site rehabilitation was discussed during the project, but more research needs to
be done, considering the long transportation distances from the Lake Tai area to the mining
areas. Odour control, fermentation control and transportation cost could be big challenges.
Policy directions: Bio-solids R&D
Examine the feasibility of using bio-solids for land rehabilitation for mine site rehabilitation.
•

Develop some initial guidelines for best practice use of bio-solids for land rehabilitation in
the mining sector. A literature review of International approaches would be beneficial as
an initial step.

•

Prepare an economic feasibility study to develop and understand the logistics/feasibility
of using bio-solids for land rehabilitation and evaluate against other bio-solids treatment
options.

•

Develop a demonstration project for the application of bio-solids for land rehabilitation.
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The way forward: Water and
Wastewater Centre for Excellence
A large number of new wastewater treatment plants (214 over the last 5 years) have been
constructed and commissioned in the Lake Tai region. It is likely that further construction will be
needed in the future and that existing plants will need to be upgraded and optimised. These
plants are controlled by a multiplicity of different authorities each of which will have its own
methodology and approach to dealing with wastewater issues. But overall, these treatment
plants all discharge wastewater into catchments which are shared by all and catchments such
as Lake Tai have experienced eutrophication problems which are best dealt with through a
common approach.
The ACEDP Lake Tai Project identified that many treatment plants appeared to have the
potential for further nitrogen removal and used a wastewater modelling approach to
demonstrate this. The exercise also demonstrated that in order to have a coherent approach to
wastewater treatment in the Lake Tai region, with process modelling playing a part in this, a
sound understanding of wastewater treatment theory and practice was needed. Without such
an understanding, no sound, common basis exists for evaluating treatment options and
designing upgrades in a consistent manner.
Chinese and AUS Cluster partners have recently been working together to establish a Water
and Wastewater Centre of Excellence in the Lake Take region under a five (5) year cooperation
agreement between the AUS Cluster and Suzhou Municipality. The Centre would develop and
coordinate a comprehensive water and wastewater program for Suzhou with linkages across
the Lake Tai Basin and greater China. Programmatic areas would include:
•

Lake Science and Algae Management;

•

Catchment-wide nutrient pollution control; and

•

Design and optimisation of biological wastewater treatment; and

•

Biological process control and energy efficiency.

The Wastewater Treatment component of the Centre would support actioning of policy
directions listed above. The Centre would aim to:
Provide a standardised approach to sampling and analysis across the region. While modelling is
a powerful tool in analysing and designing wastewater plants, it relies on good quality
analytical data. The Australian experience shows that following published procedures for
sampling and analysis does not guarantee accurate and reproducible results across different
laboratories. Thus in the case of COD, which is a vital parameter in modelling, analysis of the
same sample can vary by more than 50 percent when analysed by different laboratories,
simply due to fairly subtle changes in procedure. The Centre might be used to develop a set of
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sampling and analysis standards which can be applied across the region to achieve accuracy
and consistency. It might also provide a quality control service for the checking of different
laboratories.
Become a resource centre for knowledge sharing. A number of texts on operation of
wastewater plants are available in the industry and may be adapted to Chinese conditions.
The Centre might develop these texts for distribution amongst operators of plants in the region
and help to develop a common industry best practice across wastewater plants operated by
many different authorities.
Become a centre of wastewater education. A number of Chinese and international academics
might be available to assist in developing courses for training graduates and post graduates in
wastewater theory. Such training could provide a vital foundation to the Chinese wastewater
industry into the future. The association of the Centre to an academic institution like the Jiangsu
Academy of Environmental Sciences, would provide a mechanism for delivering coursework to
students and would also provide academic linkages to training institutions and research centres
around the world.
Become a centre for operator training. With so many treatment plants, having a centralised
training approach greatly improves the chances of standardisation across Chinese wastewater
facilities and enhances communication and technology sharing between the different
wastewater plants.
Become a design resource. While Authorities might rely on design institutes for development of
new wastewater plants, the Centre provides a repository for design and performance
knowledge that will better allow the Authorities to select technologies, properly brief design
institutes and provide feedback to the institutes so that continuous improvements may be
achieved. This is a critical issue which would position Suzhou as leaders in this important area.
Become a centre for energy efficiency. To treat the wastewater for 50 million people requires
an average power supply of about 600 MW. Australian utilities like Hunter Water Corporation
are embarking on energy saving initiatives by conducting audits of wastewater plants and
investigating ways of saving power. The Centre could use the templates developed in Australia
to introduce similar audits into the Lake Tai region. Power savings have the potential to
contribute significantly to the funding of the Centre and to the well being of the environment.
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Annex: Modelling as a Tool for
Wastewater Treatment Optimisation,
Policy and Planning
Wastewater modelling is a powerful tool which may be used in the planning, design and
operation of wastewater facilities. However, without a sound understanding of much of the
theory behind modelling, models can quickly fall into disuse as the users fail to understand how
to extract best value from this tool.
Wastewater modelling was first introduced to the ACEDP Lake Tai Project following a visit to
China in October 2009. During this visit, experts on eutrophication concluded that nitrogen was
a limiting nutrient in the promotion of algae growth in Lake Tai, and tours of six (6) WWTPs in
Huzhou and Suzhou suggested that nitrogen removal at these facilities could probably be
increased. Wastewater modelling was proposed as a tool to assist in assessing the extent to
which N removal could be increased and in 2010 & 2011 demonstrations using BioWin were
conducted at Suzhou and Huzhou. Summaries of these demonstrations and their results are
presented below.

Case Study 1: Wuzhong Wastewater Treatment Plant, Suzhou
The Wuzhong WWTP is located in Wuzhong District, Suzhou. It has an inflow of about 20,000 tons
per day of domestic wastewater serving a current population of approximately 60,000 people.
A summary process flow diagram is provided in Figure 1.
Initial construction of the WWPT was completed in 1998 (Stage 1) and consisted of primary
screens and grit chamber (for coarse and dense solids removal) and oxidation ditches (a type
of biological treatment process). The mixed liquor (biological sludge) in the oxidation ditches
(referred to as activated sludge) is separated from the effluent using secondary clarifiers,
before being thickened by gravity (in a thickener) and dewatered by a belt press. Stage 2 was
constructed in 2005, and consists of a single oxidation ditch preceded by an anaerobic
(biological) reactor. An anaerobic reactor was also added upstream of the Stage 1 oxidation
ditches, and additional secondary clarifiers and belt presses were installed to separate the
sludge. The Stage 2 upgrades enhanced the potential for biological nitrogen and phosphorus
removal.
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Figure 1: Simplified process flow diagram for Wuzhong WWTP, Suzhou. Overflow is shown as a
blue solid line and underflow is shown as a brown dashed line.
More recent plant upgrades were commenced in 2008 in order to meet effluent quality
requirements for the Lake Tai basin. The upgrades consisted of tertiary clarifiers (with chemical
flocculants addition to assist with solids settling), a sand filter with the potential for residual
nitrogen removal (by adding methanol) and ultraviolet (UV) disinfection. The recent plant
upgrades were targeted at achieving Class 1A effluent water quality.
In August 2011, a pilot scale biological treatment process was installed with a higher degree of
process control relative to the oxidation ditches.
Median influent average daily COD and Total nitrogen in 2010 were 300 mg COD /L and 36 mg
N/L. The median effluent average daily COD and Total Nitrogen were 38 mg COD/L and 10.2
mg N/L.

Modelling for plant operation optimisation
A steady-state spreadsheet model was developed for the Stage 2 anaerobic/oxidation ditch
circuit. Influent and effluent water quality, influent flow rate, plant geometry and operational
parameters were used to define and calibrate the model to achieve an acceptable steadystate mass balance. Where data was not available, assumptions were made based on typical
and likely values.
Changes in influent water chemistry and quantity were made to demonstrate how these
changes can have major impacts on plant performance. Similarly, changes in plant operating
parameters (e.g. recycle ratios, sludge age) were made to demonstrate the effects of these
changes and more importantly, that these effects could be estimated easily and rapidly using
the steady-state spreadsheet.
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The steady-state spreadsheet model indicated that the Stage 2 circuit has the theoretical
potential to achieve effluent water quality of approximately 5 mg TN/L and approximately 0.7
mg Ammonia-N/L; and that the high return activated sludge (RAS) recycle ratio used in the
biological process does not have any theoretical advantage for nutrient removal, which
suggests that there is potential for energy savings from reduced pumping requirements.
A dynamic model was developed using BioWin software1. Similarly to the steady state model,
the Stage 2 anaerobic/oxidation ditch circuit was modelled. A simplified BioWin model was
constructed initially to provide an initial indication of process capabilities prior to development
of a more detailed model (see Figure2) that consisted of separate objects representing various
zones within the oxidation ditch and for the anaerobic reactor. For the purposes of the
demonstration assumptions were made where data were not available.
The dynamic models were manipulated by changing the internal recycle ratios and RAS ratio to
demonstrate the theoretical response of the treatment biological processes to these changes.
For demonstration purposes, the model was set up for optimum nutrient removal and the
influent temperature varied to demonstrate the theoretical response of the biological processes
to changes in environmental conditions.
The results from the dynamic-state BioWin model identified that there could be improvements
made to decrease effluent nitrogen concentration. When the RAS recycle ratio was reduced to
a typical value, the predicted effluent TN concentration improved significantly. This is thought to
be due to a reduction in residual oxygen being delivered to the anaerobic zone in the recycled
sludge, which enhances the nitrogen removal.

Figure 2 BioWin model screenshot depicting the detailed model constructed for the Stage 2
anaerobic and oxidation ditch processes.
The theoretical effect of wastewater temperature on the process is depicted in Figure 3 showing that a decrease in wastewater temperature has a detrimental effect on denitrification
due to the decreased rate of activity of the microorganisms involved. Nitrification was
maintained by increasing the sludge age from 9 to 14 days. From an operational perspective,
these results indicate that denitrification in winter is more difficult and confirms the importance
of increasing the sludge age in winter.

1

BioWin by EnviroSim Associates Ltd. is a dynamic state waste water treatment plant modelling package for PC
(www.envirosim.com). Similar software packages include GPS-X by Hydromantis (www.hydromantis.com/GPSX.html) and STOAT by WRc (http://www.wrcplc.co.uk/stoat.aspx).
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Figure 3: BioWin model output showing the increase in total nitrogen concentration after the
wastewater temperature in the model was decreased in two stages from 20ºC to 15 ºC and to
13 ºC.

Modelling for plant design (and upgrade)
To demonstrate the use of modelling as a technical design and planning tool, an alternative
plant configuration using existing infrastructure with the addition of membrane bioreactors
(MBR’s) was modelled to indicate the theoretical throughput that the plant could achieve.
The spreadsheet model suggested that the aeration energy currently provided is theoretically
adequate to match the calculated oxygen requirements for water treatment; however there is
little room for increasing plant capacity without upgrading the aeration system. If the plant
were to be upgraded with a more efficient aeration system and MBR technology, the plant has
the theoretical capacity to double its throughput using existing infrastructure.

Demonstration conclusions
The conclusions from the demonstration exercise at Wuzhong WWTP were:
•

The steady-state model can assist with identifying what data is important to better
understand plant behaviour.

•

The steady-state mass balance is a critical part of model development. The process of
developing the mass balance can assist with identifying data quality issues (eg. errors in
laboratory analysis or instrumentation) and also areas of the plant that are not performing as
required or expected.

•

The pilot plant at Wuzhong has excellent potential to be used to determine the maximum
treatment efficiency achievable with the Wuzhong sewage.
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•

The plant has significant potential for increased throughput with appropriate infrastructure
upgrades such as conversion to an MBR with augmented aeration capacity and the
construction of a membrane tank.

Case Study 2: Shibei Wastewater Treatment Plant, Huzhou
The Shibei WWTP was the first WWTP constructed in Huzhou and is located in Jinsuo Village,
Huanzhu County. Plant operation commenced in March 2000. The design plant capacity is 30
ML/day and services a current population of 84,000 people and a dyeing dominated industry
that contributes approximately 30% to the influent flow. The plant also receives septage (the
residue from septic tanks) that is delivered by truck.
A simplified process flow diagram is provided in Figure 4. The primary treatment process consists
of a grit chamber (which receives the combined domestic and industrial wastewater and
septage, which is the residual material from septic tanks) and primary settling tanks. Secondary
treatment consists of two sets of biological treatment processes. Stage 1 comprises two
oxidation ditches followed by two secondary clarifiers. Stage 2 comprises two carousel
oxidation ditches followed by two secondary clarifiers. After secondary treatment, the overflow
from Stage 1 and 2 are sent to tertiary clarifiers where coagulant (metal salt) flocculant
(polymer) is added for chemical phosphorus removal and turbidity removal. A suspended
media process and sand filter are also available for tertiary treatment, followed by chlorine
disinfection.
The oxidation ditches are aerated using conventional brush aerators powered by fixed speed
motors. Aeration is currently controlled by turning individual brush aerators on or off. Influent
and effluent mean Total Nitrogen concentrations are 25.6 and 14 mg N/L and Influent and
effluent mean COD concentrations are 270 and 55.4 mg COD/L.

Figure
4: Simplified process flow diagram for Shibei WWTP, Huzhou. Overflow is shown as a blue solid
line and underflow is shown as a brown dashed line.
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Modelling for plant operation optimisation
A steady-state spreadsheet model was developed for the Stage 1 anoxic/aerobic oxidation
ditch circuit (see Figure 9) to identify the theoretical potential for nitrogen reductions. Influent
and effluent water quality, influent flow rate, plant geometry and operational parameters were
used to define and calibrate the model to achieve an acceptable steady-state mass balance.
Where data were unavailable, assumptions were made based on typical and likely values for
the purposes of model demonstration.
The steady-state model for the Stage 1 oxidation ditch suggested that: a) there is an excess of
aeration in the process; b) greater theoretical potential exists for nitrogen removal (potentially
due to the excess aeration); and c) the plant has the potential to treat significantly higher
volumes of wastewater with only operational changes. The clarifier capacity seems to be the
limiting process.
Guided by the results from the steady-state modelling, a BioWin model was developed for the
Stage 1 anoxic/aerobic oxidation ditch circuit (see Figure 5).

Figure 5: BioWin model construction for the Stage 1 oxidation ditch at Shibei WWTP. The model
includes the primary settling tanks and three surface aerators.
The BioWin model was manipulated by changing the aerator power to demonstrate the
theoretical response of the biological processes. The results indicated that the theoretical
potential exists for increased nitrogen removal as well as energy savings by reducing the
aeration in the Stage 1 oxidation ditch (see Figure 6). The initial period shows the modelled
plant performance similar to current operation. The first reduction is by about 15% of the aerator
power and reduces the total nitrogen in the effluent to approximately 5 mg/L. It should be
noted that the total nitrogen is made up mainly of un-biodegradable nitrogen with very little
(approximately 1 mg/L) of nitrate nitrogen. The second reduction is by about 20% of the aerator
power and results in an oxygen deficit which causes the effluent ammonia to increase.
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Figure 6: Ammonia and total nitrogen versus time for a 60 day BioWin simulation.

Demonstration conclusions
The conclusions from the demonstration exercise at Shibei WWTP were:
•

There appears to be scope to reduce the effluent total nitrogen by adjusting the rate of
surface aeration – currently the system appears to have the potential to over-aerate. This
could also potentially provide substantial energy savings by adapting the plant with
conventional technologies.

•

The existing plant has the capacity to treat a much greater flow than is currently received,
with clarification likely to be the limiting process step.

•

The aeration capacity appears to be sufficient to treat the full load entering the plant with
the primary sedimentation tanks being bypassed. The impact of this would be to reduce the
total nitrogen in the effluent however as a consequence there would be a decrease in the
cake solids concentration from the belt presses since only WAS will be being dewatered.

•

The effluent discharge criteria based on COD may be difficult to achieve due to the unbiodegradable COD fraction. Infrastructure upgrades to achieve reductions in unbiodegradable COD would be very expensive with little (if any) benefit to the receiving
water environment.
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