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1. ABSTRACT

There exists a lot of uncertainty in the Australian wastewater industry about the 
efficiency and reliability of contemporary instrumentation and control technology. 

Since there is a distinct shortage of plants demonstrating the success of 
instrumentation , control and automation (ICA), many designers are still justifiably 
conservative. Plants are invariably over-designed with flexibility and controllability 
given little consideration. This paper will discuss the incentives for change, and the 
obstacles re sisting change. The state-of-the-art is summarised and future directions 

examined. 

Keywords : Instrumentation; advanced process control; causality; activated sludge. 

2. INTRODUCTION

Whilst the development and utilisation of ICA in the Australian wastewater 
treatment industry has accelerated in recent years, it is still unquestionably very 

much under-utilised. Despite the impending tightening of effluent quality standards, 
and the ex istence of greater economic constraints, ICA plays little or no role in 

plant design or operation. 

A major theme of the recent IAWQ Workshop on ICA (held in Banff, Canada, July 
1993) was that there are now several significant driving forces for advancing ICA 
technology (Olsson, 1993). Increasing pressures to operate more complex (BNR) 

process plants, faced with tighter economic and legislative constraints is a very real 
global phenomenon. Most process operators are now faced with the challenge of 

driving their process harder, yet with significantly tighter constraints. 



The implementation of ICA in the wastewater treatment industry offers significant 
potential to: defer capital expenditure on plant expansion and construction; reduce 
operating costs (e.g. aeration costs, chemical addition); reduce or eliminate license 
vi olations; provide regular plant performance information (e.g. effluent quality 

data on-line); improve process stability; reduce energy consumption; reduce plant 
downtime; and improve flexibility. ICA has the potential to overhaul the current 

operating culture of wastewater treatment processes in Australia. There is, 
therefore, an indisputable incentive to improve ICA practice. 

3. CURRENT STATUS

Instrumentation, control and automation (ICA) has traditionally been a rather 
maligned area of wastewater treatment operation and research. Until recently, the 

reasons for this were many and perfectly justifiable. However, it is becoming 
increasingly app arent that the Australian wastewater industry is in a transitional 

phase. Change is inevitable, with the driving forces too strong to resist. 

3.1 Instrumentation
The only on-line measurements which may be considered as standard in Australian 

wastewater treatment plants are DO, pH, level and flow rate. Standard off-line 
analyses include nutrient measurements (various measurements of C, N & P 

compounds), suspen ded solids, indicators of biological/floc properties and heavy 
metals. 

Whilst it is true to say that sensors are now available for real-time monitoring of 
suspended solids, TOC, COD, ammonia, nitrite/nitrate, phosphorous and 

respiration rate, it is also fair to say that the current costs are proving prohibitive 
for most Aus tralian operations (Table 1). Add to this some rather significant 

operational costs, and it is easy to see why most Australian processes utilise minimal 
real-time monitoring. 

Table 1: Instrument costs (Without consumables) 

3.2 Control and Automation
DO is the only variable automatically controlled in most systems. Other variables such as SRT 

34 
Instrument (All on-line) Approximate Cost ($A) 

Total Organic Carbon (TOC) 60,000 
Sludge Blanket 13,000 

Dissolved Oxygen 2,500
4 Nutrients (NH , NO , PO ) each 

Suspended Solids 6,000 - 10,000 



and sludge blanket level may be manually controlled. In anaerobic treatment systems, pH may 
also be controlled automatically. 

Distributed control systems (DCS), the norm in the process industries for the last 10-15 years, 
have recently been implemented on several of the larger Australian wastewater treatment 
plants, for example Luggage point (Brisbane City Council) and Malabar (Sydney Water 
Board). While these systems are mostly used for ancillary equipment control (e.g. pumps, 

flows) at present, they facilitate the implementation of advanced process control. It is 
envisaged that this type of control system hierarchy will becom e standard place in Australian 

plants over the next decade. 

Although there are definitely economies of scale with this technology, it is worth noting that 
distributed control systems, with accompanying supervisory control and data acquisition 

(SCADA) system, are economically implemented on medium size municipal p lants in 
Scandinavia (e.g. 4 Ml/d). 

Remote process monitoring has also recently been introduced by some authorities within 
Australia (McCoy , 1994) . This must be viewed as the first step to achieving centralised 

(remote) process supervision of several process facilities. Indeed, there are examples of such 
technology being successfully developed and implemented (For example, Huntington (1993) in 

the U .K.). 

3.3 R&D Trends in Modelling and Control
Figure 1 depicts the distribution of research papers (92 in total) at the three most recent 

international modelling and control conferences (i.e. 6th IAWQ Workshop on ICA of Water 
and Wastewater Treatment and Transport systems, 1993; Water Quality Intern ational `94, 

17th IAWQ Biennial International Conference; and The IAWQ Specialist Seminar on 
Modelling and Control of Activated Sludge Processes, 1994). 

Whilst this is not a comprehensive survey, it is representative of the current focus of activities. 

Figure 1 - Research Directions at Recent IAWQ Specialist Events 

For clarity of explanation the control literature has been sub-divided into two categories: 
Inferential and direct quality control. Inferential control refers to strategies aimed at 

controlling process intermediates such as OUR, DO and MLSS. In contrast, direct quality 
control refers to the direct regulation of quality variables such as effluent COD, ammonia and 

nitrate. 

3.4 Challenges for Australian ICA
There is a definite growth in the recognition of the need for ICA in the Australian wastewater 

treatment industry. There is also, however, a widespread feeling of uncertainty in the 
reliability and benefits of ICA. 

There are two questions confronting anyone considering the implementation of advanced ICA: 

Is the instrumentation reliable? 
How do I achieve more effective process operation? 



Until recently there were very few examples of robust operation of on-line instrumentation. 
However, the bottle-neck caused by instrumentation will soon become a thing of the past. 

There are now several examples (from Europe) where the `new generation' o f on-line 
instruments have been deployed (Nyberg et al, 1993; Thornberg et al, 1993). Whilst the capital 

expenditure on these instruments may be large, the returns could easily justify the 
expenditure. For example, Thornberg et al (1993) reported that the improvements in N & P 
removal capacity resulting from on-line biological nutrient control (using on-line NH43 , NO 

and PO4 ) could result in aeration tank and clarifier volume reductions of up to 30%. 

The latter question has yet to be adequately addressed. That is, how do we use the on-line 
information to improve process operation ? After all, it is only via more efficient process 

operation that significant expenditure on ICA may be justified. Whilst direct quality control 
(namely the direct control of effluent quality variables) offers the only means by which process 

objectives may be addressed, the inherent nature (and inflexibility) of the process has made 
this hard to achieve. This is particularly true for complex nutrient removal systems, and is 

reflected in the small number of contributions in this area, as represented in Figure 1. 

Several authors have recently tackled this issue by operating the activated sludge process 
intermittently (e.g. Sorensen et al, 1994; Zhao et al, 1994; Thornberg et al, 1993). In doing so, 
the introduction of additional manipulated variables, namely phas e lengths, enables quality 

control to be achieved. For example, standard operation of the Biodenitro process is 
determined by on-line effluent quality indicators (e.g. ammonia concentration in aeration 

basin). 

The problem, however, is more complex for continuous flow-through systems, which offer 
fewer (and poorly understood) manipulated variables. It remains, therefore, to establish how 

much improvement can be obtained from operational strategies (as opposed t o design 
modifications). The challenges to be overcome are thus: 

Identifying, quantifying and evaluating the available manipulated variables; and 
Utilisation of these variables for optimal process operation. 

The following sections outline analytical tools being developed at The University of Queensland 
to address these issues. 

4. DEVELOPMENT TOOLS

4.1 Cause and Effect Matrix 
Biological nutrient removal processes inherently offer little operational flexibility. Few inputs 
(control handles), required for disturbance attenuation, are available to the process engineer 
for manipulation. Indeed, it is questionable which, if any, o f the many process configurations 

are flexible enough to be controllable (i.e. all outputs can be controlled by available 
manipulated variables). That is, given an undesirable operational condition, is there any 

operational procedure that can bring the plant from the present state to some desired state ? At 
present there is insufficient knowledge to answer this question completely. A systematic 

analysis of all possible control handles is required to determine which have a significant effect 
on process outputs. 

It is well known that sludge recycle rate, sludge wastage rate and air flow rate are common 
manipulated variables in activated sludge plants. However, their relationship with plant 

objectives is unclear. It is shown in this paper that the worth of these, and many less common, 



manipulated variables can be estimated via structural analysis. Cause and effect matrices are 
presented which succinctly summarise this information. 

Table 2 summarises a qualitative cause and effect analysis of wastewater treatment plant 
manipulated variables as reported by Olsson and Jeppsson (1994). Note the wide ranging 

dynamic behaviour of the process variables. 

Manipulated 
Variable 
("Control 
handle") 

Main Influence Goal-Constraints Measurements-
Estimates 

Time 
Scale 

Influent flow 
rate 

Dilution; Clarifier load Dampen hydraulic 
disturbances. 

Flow rate; Hydraulic 
retention time; Effluent 

susp. solids 

mins-
hrs 

Waste sludge 
flow rate 

SRT; Organism 
composition 

SRT set point MLSS; SRT; Filament 
content; Sludge 

settleability 

days-
weeks 

Return sludge 
flow rate 

Sludge distribution; 
Clarifier hydraulics; 

Sludge blanket 

Keep settler mass 
inventory within 

margins; 
Use sludge buffer in 

settler to damp 
hydraulic 

disturbances 

Sludge blanket level; 
Recycle concentration; 

Effluent suspended 
solids 

hr-day 

Step feed Sludge distribution in 
aerator 

Dampen load 
disturbances 

Flow rates; MLSS 
distribution along 

reactor 

hours 

Nitrate recycle Denitrification rate; 
Filamentous organism 
formation (?); Oxygen 

carried over to DN 

Carry adequate 
nitrate for DN; 

Nitrate poisoning in 
BioP processes 

Nitrate; DN rate; redox hours 

Recycle flows 
or filter 

backwash 

Hydraulic load Proper timing; 
Minimise hydraulic 

load; Nitrate 
poisoning 

Flow rate; Effluent 
susp. solids 

<hrs 

Supernatant 
recycle (e.g. 

sludge digestor) 

Carbon, ammonia load; 
Denitrification rate; P 

release; 

Proper timing; 
minimise COD load 

COD; DN rate; P 
removal 

<hrs 

Chemical 
dosing 

Floc formation; 
Phosphorous removal 

Proportional to P 
load 

Effluent susp. solids; P 
removal; Sludge 

volume index 

<hrs 

Carbon addition DN rate; p release Dosage for DN; 
Dosage for P 

removal 

N removal; P removal <hrs 

Air flow rate DO (locally, globally); 
Respiration rates; 

Filament formation 

Keep DO profile; 
Influent on DN rate 

in recycle 

2 
DO conc; OUR; 

Oxygen transfer rate; 
CO 

production; 

<hrs 



Table 2 - Cause and effect relationships of manipulated variables 

Software tools, aimed at automating causal analysis on wastewater treatment processes, are 
currently under development at The University of Queensland (Lin, 1991). 

4.2 Process Models
Process simulation is an invaluable tool for the design and evaluation of control systems. 

Models can be utilised at four levels in the design of an advanced control system: 

. Enhancing process understanding : Model based "what if" studies can be used to evaluate new 
operational strategies; 

. Establishing cause and effect relationships; 

. Controller design (Section 4.3); 

. Controller evaluation : Simulations can be used to screen a set of control algorithms without 
the cost and time required for pilot or lab scale evaluation (van der Kuij et al, 1994). 

4.3 Controller Design
Combining the cause and effect matrices and modelling work will enable the development and 

analysis of model based controllers. 

By explicitly employing process models within the controller, the effect of manipulated 
variable changes on process objectives may be predicted on-line. Thereby enabling `optimal' 

quality control. Dochain and Perrier (1993) recently performed this with a simple, bi-substrate 
model. 

It is envisaged that such controllers will be incorporated at the supervisory control (SCADA) 
level in the control hierarchy. The control algorithm will calculate optimal setpoints for lower 

level control loops, usually controlled by PLC's/PC's. 

Crucial to the efficient operation of such control schemes, and indeed to all model based 
controllers, is model accuracy. Model parameters have to be estimated periodically to allow for 

changing environmental conditions, changing feed characteristics and biomass adaptation. 
Model complexity must be kept at a reasonable level, if not for computational reasons then for 

ease of parameter and state estimation. 

Many of the currently available wastewater treatment process models are necessarily complex 
to provide an adequate representation of the process. While these may be suitable for design or 

`what if' studies, model based controllers may not need this level of complexity. Model 
reduction plays an important part in controller design (Olsson and Jeppsson, 1993). 

Techniques developed at the University of Queensland (Robertson, 1992) will be used to 
determine which model components may be eliminated. 

Nitrification rate 
SBR cycle time Completion of reactions 

or settling 
Adequate time for 

reactions 
Outlet nitrate, 

ammonia, susp. solids 
hours 



5. CONCLUSIONS

Few could argue that the demands upon wastewater treatment processes are increasing, and 
that the future will be more of the same. Over-design of processes is simply not a justifiable 

means of control. Processes will be driven harder and forced to operat e closer to constraints. 

It is inevitable, therefore, that there will be an increased dependence on ICA. The next decade 
will see a growth in Distributed Control Systems (for process regulation), Decision Support 

Systems (for `intelligent' process management), on-line instrument ation (e.g. nutrient 
analysers, suspended solids) and remote monitoring. 

However, it is yet to be determined whether enhanced operating strategies, brought about by 
the introduction of ICA, will result in significant process improvements when applied to 

continuous flow-through systems. This paper has presented several analyti cal tools which are 
being developed and applied to address this issue. 

Finally, it should be noted that the acceptance of increased ICA will require a cultural change 
in the wastewater industry, with a far greater dependency on skilled and trained operators . 
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