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ACCELERATED BIOSOLIDS DIGESTION 
 

 

 
 
 

Preface 
 
In an article written for Business day, The Age April 30, Jennifer Westacott, a 
KPMG partner  in charge of sustainability, climate change and water made the 
following point -  
“In addition to the Copenhagen Accord there will be other pressures to transform 
how we do business. We are experiencing worldwide population growth and 
resource constraints. Australia's population is projected to reach 35.9 million 
people by 2050 and it will require a radical rethink of the way we manage water, 
energy and our natural resources. Given these facts, there is a strong case for 
business to invest in energy and resource efficiency, now” 
The thrust of the work undertaken by Active Research and reported via this final 
report is to present not only a scientific dialogue of the results but also to look at 
ways and means in a practical sense as to how the introduction and integration of a 
new wave of technology into waste water treatment, from both domestic and 
industrial sources, can be successfully managed.  
 
Reflecting on the process, outcomes and lessons learned from this project the most 
logical way to present the findings is in a way which relates more to everyday 
hands-on activities rather than simply bench top data. 
 
The Biomass Task Force (UK Gov’t 2005) led by Sir Ben Gill reported “biomass is 
unique as the only widespread source of high grade renewable energy which can 
effectively and efficiently save carbon at a favourable cost compared to other 
options”  
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ACCELERATED BIOSOLIDS DIGESTION 

 

 
 

Executive Summary 
Demonstrating the benefits of utilising new technology was the driver behind 
Active Research pursuing an opportunity to trial a fixed film anaerobic digester 
pilot plant through the Smart Water Fund.  
From a wastewater treatment perspective energy recovery from organic material is 
probably one of the bigger challenges today and Active Research has set out to 
develop a pre-eminent stable of technologies.   
 
If the technology now available to recover energy from organic waste streams is applied 
and operated at best efficiency then all else naturally falls into place.  The outcome of 
such a process i.e. energy from wastewater, is that all of the parts resulting from the 
process are seen as having a commercial value.  
 
This includes: 
• Gas for use as energy or conversion to heat, 
• Water for recycling  
• Sludge as a soil emolument 
• Cellulose recovered as low grade pulp for recycling 
 
Add to this gate fees receivable for acceptance of external or industrial organic 
material – which in turn provides more energy and water. 
The financial demands placed on water companies to provide infrastructure, such 
as new treatment plants, would be reduced because of the availability of smaller, 
very efficient, minimal footprint pocket treatment facilities.  
The areas covered by this trial are: 

1. Reduction in digestion time. The aim of this work was to demonstrate that a 
24 hour hydraulic retention time for thickened sludge digestion was 
obtainable with appropriate pre-treatment of the influent such as ultrasound 
coupled to a fixed film anaerobic digestion system. 

2. A cost benefit analysis shows that with rising energy cost alone the benefits 
outweigh the costs involved.  

3. Energy recovered and re-used could reduce plant operating costs. Since the 
process is in vessel nil fugitive odours 

4. The approach taken clearly showed the need for further work to be 
undertaken in relation to pre-treatment of the influent stream in regards to 
rag and other material removal. This topic was not covered in scientific 
papers accessed. 
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ACCELERATED BIOSOLIDS DIGESTION 
 

Background 
 

 Droughts, ever tightening regulations, rising energy prices and population growth is 
rapidly changing the face of the wastewater treatment industry. In turn this is opening  
the door to the introduction of previously unacceptable organic waste for the 
purpose of energy recovery as an offset benefit against rapidly rising energy costs. 
 
Active Research recognises the potential business opportunity and has sought out and 
further developed technology which will significantly improve the recovery of water 
and energy from organic waste. Particular items include fixed film, ultrasound, 
mechanical separation of packaging material from supermarket waste and solids 
separation to name but a few. 
 
The need for Active Research was to find a forum on which it could demonstrate and 
develop the concept of fixed film, high rate anaerobic digestion as a pre-cursor to  
energy and water recovery from thickened sewage sludge. A successful Smart Water 
Fund application was viewed as an essential step to lead to the wider introduction of 
the technology in a timely manner. 
 
Without a demonstration platform the opportunity to field test individual pieces of 
equipment over an extended period utilising the AR mobile pilot plant (photographed 
below when located at Lilydale STP) was severely limited. The Smart Water Fund 
facilitated the opportunity to:- 
• develop a profile of the nature of the thickened primary sludge and the capability 

of individual pieces of equipment 
to handle the material with issues 
such as pumpability,  extraneous 
non organic matter including 
plastic caps and string being 
observed and to identify potential 
problems in a commercial size 
plant. All too often material being 
processed will behave in a manner 
different to that in bench top tests 
resulting in extra expense to remedy the “unforseen” problem. The pilot plant 
will identify any surprises thereby avoiding surprises at a later date,  

• Look to scale-up parameters. The capacity of the pilot plant is sufficient to provide 
a base on which scale-up calculations can be made, 

mobile pilot plant 
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• To demonstrate to operators of waste water and other facilities performance 
characteristics of the various pieces of equipment in a “live” situation. 

• Provide an opportunity to trial new or innovative equipment. 
 

The experimental/demonstration project undertaken by Active Research follows-on 
from where the Smart Water Fund/ CSIRO Food Sciences studies (round 1, projects 
213 &214) left-off. “Reduction of waste activated sludge in Greater Melbourne 
sewage treatment plants” One of the recommendations in that report was for a larger 
or pilot size trial to be undertaken. This in turn has provided an opportunity to 
expand the parameters of the work to include a cost benefit analysis of the increased 
gas availability due to the accelerated and increased gas production.  

 
Furthermore, the accelerated process time could well have a significant effect on 
possible infrastructure development particularly in smaller communities in that 
footprints will be smaller, processes more efficient, increased energy recovery for re-
use and lower capital cost. 
 
All too often a general antipathy towards research and development due to 
shareholders calls for a quick return on investment and reduced risk, and therefore 
truly innovative design is financially very difficult.  
As an investment in the company’s future it was evident that a pilot plant (although 
costly) with a reasonable range of equipment on board was an absolute necessity.  
 
The business of Active Research is closely linked to industrial generators of liquid 
organic waste where there is a rapidly growing interest not only in water recovery but 
very importantly energy recovery – renewable clean energy. Many generators of liquid 
organic waste are surprised at the potential for energy recovery from waste and the 
impact not only on day to day energy needs of their business, but also reduced 
greenhouse gas generation and the potential to earn income from carbon credits. 
 
The management of Active Research views this project not only as an important 
bridge between two apparently very diverse waste streams, that is sewage and 
industrial waste,  but also as a channel of communication for further joint project 
development.  
 
This project demonstrated that sewage need not necessarily be a net cost in terms of 
energy needs particularly if there is an opportunity to include other forms of biomass 
as indicated by the Clean Energy Council of Australia. Bioenergy Roadmap 
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Other points raised recently in the CEC Biomass report and which Active Research 
feels strongly about include:- 
 

• “Overseas countries have demonstrated that bioenergy can contribute to 
stationary energy supply at levels much higher than Australia’s, which is 
less than 1% of total electricity supply.  
 

• Australia’s biomass resources for stationary energy production are 
abundant and are currently underutilised or are a waste requiring 
disposal. 

• The technology required to realise the potential of the resource is largely 
proven and based on established practice either locally or overseas. 
 

• The substantial long-term potential of bioenergy means that it has a vital 
role to play and can no longer be ignored as part of Australia’s clean 
energy future.  
 

• Bioenergy needs serious attention to become a significant contributor to 
the domestic energy mix”. 

 
The longer term thrust of this project will demonstrate to the water industry that 
increased throughput at facilities nearing full capacity can be increased without the 
level of capital cost that would normally be expected.   
 
Another aim of this project was to clearly demonstrate that new sewage treatment 
facilities need not necessarily be built on traditional lines and there is potential for 
industry/infrastructure co-operation to the benefit of provider, community and the 
environment. 
 
The successful conclusion to this project will either give direction to or impact on:- 
 
• Smaller communities seeking to upgrade sewage treatment facilities  
• Recovery of energy from waste streams 
• Reduced production and holding time for biosolids 
• Opportunities for joint ventures between private companies and 

instrumentalities 
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Introduction 

The importance of this project  “Accelerated Biosolids Reduction and Increased 

Gas Production”  with the support of the Smart Water Fund and assistance from 

Yarra Valley Water cannot be underestimated in terms of technology development, 

process and design parameters towards energy and water recovery at waste water 

treatment plants. 

From a commercial viewpoint the Active Research perspective was to confirm the 

emerging technology and its benefits in terms of: 

• Cost reduction. Reduced hydraulic retention time leading to smaller 

footprint at treatment facilities 

• Improved quality of biogas produced 

• Potential for “off the shelf” processing plants 

• Minimised sludge production 

• Ability to treat high COD load influent 

• Option to integrate with non-sewage waste streams to increase energy 

output and water recovery. 

From a waste water treatment perspective to confirm the emerging technology and 

its benefits in terms of: 

• Quality of treated water discharge 

• Quality and quantity of biogas produced 

• Capacity for reduction of COD, VS, SS  

• Hydraulic retention times 

Taking a holistic approach, the project was not simply to treat sewage as such but 

to think of the influent as a carrier of energy – organic matter irrespective of its 

origin. When seen in this light there are many opportunities for cross matching 

technology with other non-sewage digestable material, particularly at the pre-

digestion stage where material which would normally be regarded as difficult to 

digest can be rendered suitable for processing.  

ACCELERATED BIOSOLIDS DIGESTION 
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Oversize matter not trapped in step screen 

 

  Accepting that anaerobic digestion is a well understood science the nub of the 

program related to the added benefits of:-  

• fixed film, high rate digestion,  

• ultrasound for cell lysis, floc disintegration, maximisation of biogas production  

• minimal  sludge generation 

• materials handling 

It is probably fair to say that in days gone by the waste water treatment industry had 

little in common with other forms of organic waste. Sewage went one way and 

vegetable processing waste for example would go another – usually landfill. 

 

Coupled with regulatory requirements, rapidly rising energy costs, environmental 

considerations, water needs and the development of new technology the drivers are 

in place to propel organic waste treatment down productive new pathways. 

As a direct result of the project, modifications have been undertaken on the Active 

Research pilot plant particularly in relation to materials handling and the probable 

development of a larger scale demonstration plant  suitable for use as a satellite or 

smaller community waste treatment system. 

Although anaerobic digestion has been well understood for many years it is only 

now that process issues such as 

physical handling, for example 

removal of oversize non-organic 

contaminants and preparation of the 

influent pre-digestion is requiring 

closer study to ensure the benefits of 

fixed film digestion are fully realised.  
 

 

Notwithstanding the recovery of energy and water it was clearly demonstrated that 

waste water can be satisfactorily treated with the technology described in less than 



 

9 
 

the traditional 24-25 days, potentially resulting in smaller footprint treatment plant 

and a significant step towards self sufficiency in energy.   

At the Lilydale Sewage Treatment Plant, where the work was undertaken, 

considerable quantities of extraneous material passed through the step screens 

located upstream of the primary clarifier. The material caused binding problems 

with the mixer in the buffer tank and a different process will need to be installed 

ahead of the buffer tank in future projects. A screen which only removes a 

percentage of the solid material is no longer acceptable thereby indicating a 

maceration pump at least would be an essential part of the influent preparation 

regime. 

 

 
Objectives/Goals 

The objective of the project was to demonstrate accelerated reduction time of 

biosolids and an increase in gas production with the following goals reported on:- 

(1) the effectiveness of combined sonication and anaerobic digestion under a 
range of conditions to reduce biosolids and increase gas production  

 
(2)  the reduction of various pathogens such as cryptosporidium and Guardia  

 
(3) energy consumption of the sonication apparatus 

 
(4) Improved dewatering characteristics of digested sludge.  

 
(5) Financial implications of results if extrapolated to a full size plant 

  
 

 
 



 

10 
 

 

Detailed preparation and presentation of project plan completed June 2009 
The issues addressed included plant risk assessment, initial start-up and monitoring 
of early output data particularly reactor management. Of particular interest was the 
acclimatisation of the microbial population at start-up as this has a significant 
impact on beneficial outcomes such as gas production and reduced biosolids.  
 
The program related to the preparation and digestion of thickened primary sewage 
sludge. The material digested was drawn from the primary clarifier which supplies 
thickened sludge to the fermenter. 
 
Start-up occurred without incident and the reactor reached optimal temperature 
within 24 hours. It is worth noting that even without supplementary heat there was 
sufficient exothermic activity to maintain 35°C for 48 hours. Experience gained 
from this project and subsequently confirmed elsewhere is that reactor temperature 
can be relatively easily maintained if the organic loading rate is in line with the 
microbial population’s ability to digest the COD in a given time. If the reactor is 
overloaded with organic material temperature will fall or at least become difficult 
to maintain.  
 
Gas production was evident within three hours of start-up and visually of good 
quality showing few signs tell tale carbon flicks when burnt. Supplementary 
methanogenic microbes were added on day five. 
 
The original plan called for continuous pumping of influent from the primary 
clarifier but this proved to be impractical because of a lack of tapping points 
between the Lilydale transfer pumps and the clarifier. Instead, it was decided to co-
ordinate the transfer function with the Lilydale pumps and transfer digestate to the 
buffer tank in the pilot plant on a batch basis and then progressively transfer to the 
reactor. 
 
In line with the discussion earlier in this report regarding oversize material (page 
10) even mixing was found to be difficult resulting in an uneven transfer of solids 
in the substrate. If ultrasound is to be utilised as an integral part of sewage 
digestion then consistency of digestate is important. 
 
Reliable data in relation to influent analysis, particularly suspended solids and COD 
became difficult at an early stage of the program due in no small way to an 
incorrect analysis procedure by the independent test laboratory. A standard 
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procedure utilising a small aliquot of sample was used whereas a different 
procedure is required for samples of high solids content. Notwithstanding this 
delay, a challenge arose with the preparation and treatment of the influent.  
 
The volume of apparently non-digestable material identified by the Active 
Research study has identified an unexpected challenge and an opportunity. At the 
commencement of the work a reasonable level of non-digestable material including 
hair, string and so on was expected and steps taken to minimise the impact of 
those items however the volume and behaviour of microfibers, primary cellulose 
was unexpected.   
 
Such is the effectiveness of the ultrasound unit, apart from confirming the 
technologies ability to disintegrate flocs and hard material such as seeds it also 
appeared to disintegrate other matter to produce a fine, fibrous substance which 
remains in suspension in the reactor. 
 
The cellulose like material in turn attracted other organic matter which 
consequently captured entrained gas and readily floated to the surface to be carried 
out in the effluent stream.  
 
The corollary is that subsequent analysis of the treated effluent revealed a 
significant level of suspended solids (varying between 1000 and 2980 mg/l) and 
less than expected COD and VFA destruction during July probably in the order of 
60% 
 
The photograph below shows the effect of the fibre at the point of discharge 
where organic material is attracted to the cellulose. The black worm-like structures 
are not single items but an agglomeration of thousands of tiny fibres integrated 
with organic material. If disturbed the structure collapses only to re-form 
elsewhere. 
Initial trials at bench-top level indicate the fibres can be readily washed out with 
fresh or recycled water but this will need further confirmation HRT does not seem 
to influence the level of fibre generation and if the HRT is reduced in the hope of 
fibres settling gas production falls off.  

 

 

 

 

 organic material attached to fibres 
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The photograph on the left is the same material 
with the organic material partially washed out – 
this was not difficult. It has a similar appearance 
to felt but without the strength. 
The opportunities identified because of this 
observation are fourfold:- 

• By harvesting the fibrous material the 
remaining organic matter quickly sinks to the 

bottom of the vessel which can then be returned to head of works for further 
digestion and energy recovery. Residual sludge will decrease as a result of the 
process.  

• The harvested fibrous cellulose washes and drains easily and when dried (in 
this case air overnight) burns readily. It is suggested the easy removal of the 
organic fraction is aided by the affects of anaerobic digestion.  

• Thirdly, the removal of the material and enhanced digestion of the organic 
load may have a significant impact downwards on the cost of biosolids disposal as 
the waste takes on a value. 

• Increased gas recovery as entrained gas can be collected at point of fibre 
removal. 
 
Notwithstanding the fibre challenge, the first of four gas samples was analysed 
(Acirl 24/7/09) to reveal 70.50% methane and 21.5% CO2. The methane result is 
higher than expected.    
 
Gas Analysis:  24 July 2009 Volume %  (ACIRL) 
Carbon Dioxide 21.50 
Oxygen    1.70 
Methane  70.50 
Carbon Monoxide    0.0015 
Hydrogen    0.042 
Nitrogen (by difference)   6.50 
 

 General running phase 
• Flow progessivly increased from 1000l/day to 2000l/d 
• Total transfer for the period 116,800 litres 
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• A principle concern was the vulnerability for the growing medium in the 
reactor to clog however this did not happen.  

• Ultrasound unit failed 20/08/09 and was returned to Germany for repairs. 
Returned to duty 21/09 

• During the period of nil ultrasound, influent continued to be transferred 
until 28/08. Throughout this period there was a an initial rise in COD for 
several days until what is believed to be microbial activity “caught-up”. The 
points of interest are :- 

o The manufactures of the equipment, UltraWaves GmbH maintain 
that only 30% of the primary sludge needs to be sonicated to 
maintain the increased level of activity  - the release of enzymes as a 
result of sonication treating the remaining 70%. From the results to-
date this belief seems to be vindicated as the remaining COD even 
without continuous sonication  quickly falls to previous levels. 

o One of the advantages of 100% sonication is the destruction of cells 
and flocks. Without sonication a crust quickly formed on the top of 
the substrate in the reactor. The crust consisted of seeds, hair 
undigested organic matter and other unidentified material which 
longer term could pose a problem for fixed film reactors. With 
sonication crusting is not a problem. 

o With sonication the methane content of the biogas was >70% 
Without sonication this fell to 58% The outcome is consistent with 
results recorded at Bamburg (Germany) sewage treatment plant over 
the past five years. 

  
Photograph above of non-sonicated material. Note floating debris. 
The sheen on the gas bubbles is probably undigested fat and oil 
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Please refer to attachment 1 “post digestion sampling” 
 
Influent management.   
From a materials handling perspective the influent characteristics were as 
expected from commencement of the project until an alum spill occurred– namely; 

• Colour – light brown 
• Relatively low solids fraction as a % of total volume – in other words a 

bucket or other container would be required to transfer a sample.  
• Tending to float over time in the balance tank  prior to transfer to the 

reactor 
• On transfer, the effect of sonication (as part of 

the pre-treatment process) and subsequent 
reduction in particle size leads to an extended 
period of suspension in the reactor. The 
benefit of the extended suspension is 
important as it makes possible superior mixing 
with resident anaerobic microbes and the 
separation of non-organic material. 
Observation of samples drawn indicated 
settling was well under-way within the hour 
whereas sonicated material could sometimes 

Biogas bubbles on sonicated influent. Note lack of debris or fat and oil. 
The wave effect is caused by a sweeper arm beneath the surface. 

Floc distribution post 
sonication 
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remain in suspension for up to 24 hours as depicted in the above 
photograph 

• The extended suspension time improved mixing, temperature management 
and distribution of acidified material as it passed into the growing medium 
with the higher methanogenic population. 

• Sludge generation was minimal 
• pH during this phase remained very stable at 7.3 

 
However, following the spill the characteristics changed quite dramatically but it 
should be noted the changes were not sudden or immediately obvious because of 
the dilution effect within the reactor; 

• Colour progressively changed from light 
brown to dark grey 

• Samples could be spaded – the solids fraction 
increased significantly following alum spill. 
Image to the right depicts material failing to 
flow through a grate. 

•  Without constant agitation the material immediately settled in the balance 
tank 

• Transfer to the reactor with sonication revealed a very different 
characteristic in that the material immediately formed a raft on contact with 
the warmer environment.  

• It is felt the sonication (cavitation effect) process which would have been 
incomplete because of the viscous nature of the product did release a 
measure of gas from the matter which in turn became entrained in the raft. 
Coupled with the expansion of the gas bubble due to the warm conditions 
and the raft formed and quickly rose to meet the underside of the growing 

medium. This was evidenced by the lack of 
non-digested material in the growing media and 
remnants remaining in the lower section of the 
reactor. 

• The density of the raft interfered with the 
mixing procedure, pH control and temperature 
management. 

• Gas however continued to be produced but 
surface bubbles were approximately 50% of 
original size – (approx 10 mm Ø) 

• Colour within the reactor became black  

Excessive alum effect 

     Rafting effect 
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• Upon opening the reactor it was possible to identify material with little or 
no exposure to the bacteria. 

• Image above shows rafting effect and “tightness” of floc 
 
Where material forms a mass and demonstrates a propensity to float it gives the 
appearance of a “raft” hence the reference by that name. The most common cause 
is gas generated (due to incomplete digestion of the organic material in the lower 
section of the reactor) becoming entrapped in the mass.  
Rafts may be a problem when allowed to rise to the top of the reactor as  

• discharge water can become re-contaminated or outlet blocked. 
• gas outlet can become clogged as raft continues to rise 
• removing the raft may be difficult.  

 
An example of a raft forming occurred in late August/early September when non-
sonicated, incompletely digested material rose through the growing media. In this 
instance it is probable digestion may have commenced in the primary clarifier 
followed by a holding time in the balance tank. The material, then exposed to 
return sludge from the reactor in the balance tank initiated a “pre-ignition” process 
hence the gas generation and rapid rise to the top when introduced into a warm 
environment.  
 
Running phase 
The general running phase confirmed the absence of 
clogging in the upper portion of the packing material.  
However a very small amount of tightly curled skins – 
possibly tomato, did become evident floating in the water 
/gas exchange zone. On closer examination   it was 
evident that all of the flesh had been removed thus 
indicating microbial activity was continuing despite the 
elevated level of sulphate caused by the alum spill. Please 
refer section below “Sulphate effect ...) 
Hair and other fibres were not an issue. 
Image depicts effluent discharge stream. The right hand 
sample (suspended solids 250mg/l) is immediately post discharge and the sample 
on the left 24 hours after discharge.  
 
 
 
 

  Sonication and          
colour removal 
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Aluminium sulphate effect on microbes.    
The process effects of the alum spill resulted in an increase in sulphate levels 
resulting in the material becoming very black and a decrease in microbial activity 
resulting in reduced gas volume production.  
(Excessive sulphate will encourage the development of facultative bacteria which 
in turn produce sulphides thus disturbing the digestion process. 
 
Residual sludge. Putting aside the COD and particulate loading of 
the influent, the residual sludge generation was minimal. It was 
observed over the life of the trial the bottom material is typically 
inert matter which does not float. 
This is evidenced by the fact the bottom 36 litres in the base of the 
reactor ran freely and it was not until the raft moved downwards 
during the emptying process the viscosity increased – (identified by 
the colour and density)  
 
The schematic illustrates the sludge layer at the bottom of the  
reactor (green) then dark (grey) layer is the raft formation and the light gray is the 
growing media. A benefit of the raft formation is the problem of sludge 
production is significantly reduced. 
 
Energy consumption of the ultra sound ranged between 96 and 105 watts 
throughout the trial. Total volume treated was 116,800 litres. Work undertaken at 
Bamburg STP (Germany) where 2 x 5 horn ultra sound units operated 24/7 at 
80% capacity, electricity usage represented 1.5% of total energy consumption. 
 
Gas production  
Gas generation over 6 trials measured approximately 2.30m³/m³ digester volume 
at a pressure between 0.6 and 0.8 kpa.   
Please refer to attachment “Gas flow measurement and procedure” for specific 
details. 
If the above flow was extrapolated to say a 500 m³ reactor, 1015m³ gas per day 
would be produced.   This is sufficient gas to run a cogenerator and produce about 
100 kWh electricity plus 143 kW thermal energy. (100 kWh is 2.4 MW per day 
which would be well in excess of the reactor energy requirement). 
 
Fixed film technology  
This refers to material such as extruded polythene mesh which is anchored inside 
the reactor to provide a stable platform for the microbes, particularly the 

Sludge  layers 
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methanogens on which to attach themselves. By providing this anchor point for 
the microbes the flow of material through the reactor, hydraulic loading rate (HLR) 
can be significantly reduced.  Washout of the microbial population is minimised 
therefore digestion times are significantly reduced. Over time the microbes will 
produce strings of a sticky substance called polysaccharides which effectively catch 
organic material floating by creating a better quality discharge water.  
Coupled with smaller particle sizes due to disintegration from the ultra sound, 
fixed film is an excellent tool for improved digester performance. 
Digestion times The project initiative was to prove that a digestion time (HRT) of 
24 hours for thickened sewage sludge is possible. The constant running phase over 
four weeks has varied from 3 days to 6 days (compared to about 20 days for 
“traditional” anaerobic digestion) When the problems encounted – overloading 
etc. are taken into account the results are heartening.  
 
Analysis issues. 
ALS have indicated in past discussions in relation to this issue they have difficulty 
in assaying liquid samples with a high proportion of suspended solids because of 
problems associated with the homogenisation process. The small aliquot of 
material used can lead to an under/over statement of actual suspended 
solids/volatiles in the sample. 
To support this proposition identical samples of primary sludge (influent) were 
supplied to ALS   and Ecowise for analysis and then exchanged between the two 
labs for cross checking. 
Sample 1  (mg/l)  dated 31 July 2009  
  COD          SS  VFA 
ALS 12,000  3,080  697 
Ecowise  17,000  13,000  1900 
Difference 42%  322%  63% 
 
Sample 2 (sample 1exchanged between analysis companies) 
ALS 9,300  4,400  2,260 
Ecowise 16,000  11,000  1,500 
Difference 72%  60%  34% 
 
Therefore, from the above it becomes apparent the following variations have 
occurred when the same sample is analysed on separate occasions. 
ALS 1 12,000  3,080  697 
ALS 2 9,300  4,400  2,260 
Variance -23%  +43%  +324% 
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Ecowise 1 17,000  13,000  1,900 
Ecowise 2 16,000  11,000  1,500 
Variance -6%  -15%  -21% 
       
Sampling was undertaken with the greatest of care to avoid sampling discrepancies 
however it is very difficult to draw firm conclusions from the information 
provided. 
 
 
Stakeholders. 
The principle stakeholders in this project are:- 
The Smart Water Fund –  
  Melbourne Water 
 Yarra Valley Water 
 South East Water 
 City West Water 
 Department of Sustainability 
 Active Research 
 
Secondary stakeholders (non-contributing) are those organisations who are 
involved in the supply of sewage treatment facilities and  
thirdly, industries (indirect) which generate high load liquid organic waste. 
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Methodology 

The methodology revolved around the use of the Active Research mobile pilot plant as 
it is of a scale and fit-out best suited to the task. In addition to better understanding 
future direction, it will also identify potential problems with may become a problem in 
any full scale plant.  
The centrepiece of the pilot plant is a 3,000 litre fixed film high rate constant stir 
anaerobic digester. By means of an internal heat coil and external water heater the 
contents can be kept at a steady 38°C. The reactor is insulated with 19mm Armacell 
closed cell rubber insulation and is fitted with a conical base laying at 32° from 
horizontal. A stainless base plate approximately 500 mm in diameter carries inlet and 
outlet fittings. The base plate can be removed if required to allow access to the base of 
the reactor (when empty) but this would be difficult. 

 
Overview of process    
Thickened primary sludge is pumped from the base of the primary clarifier to the 
balance tank where it was held awaiting transfer to the reactor. Constant (not so 
vigorous as to introduce oxygen into the sludge) mixing is required at this stage as 
particle separation and settling commences within minutes. 
 
From the balance tank influent is pumped to the reactor via the ultrasound at the 
required rate. Power consumption was105w and varied little between flows. (the 
ultrasound generator is controlled by the operation of the transfer pump between 
balance tank and reactor) 
 
Reactor details.  

• In-feed. Post sonicated sludge from the balance tank is pumped into the bottom 
of the reactor through a 25 mm inlet where it is mixed with existing material. A 
stirring function prevents channelling and reduces temperature load shock.  

• Stirring. Two functions, firstly to thoroughly mix influent with existing material in 
the lower section of the reactor which assists with maximising bacterial exposure 
and secondly keeps heavier non-digested matter in suspension to ensure 
maximum conversion of organic waste. Rotation speed can be varied but was 
maintained at 6 revolutions per minute for this project. Mixing area in the reactor 
occupies  approximately 20 % of available space. 

• Bottom sludge is removed from the bottom of the reactor below the infeed point 
via a 50 mm outlet. Samples can be drawn via a 20mm outlet welded into the 
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main sludge removal outlet. Contents removed from the reactor were all returned 
to head of works at the trial point.  

• The pH sample port is located approximately 900mm above the floor of the 
reactor and circulating pump ensures samples are representative of the contents 
of the reactor. 

• Gas  collection is via a 25mm penetration at the apex of the reactor connected to a 
25mm pipe through which the gas is transferred via: 

o A water  trap to remove hydrogen sulphide and act as a spark arrestor, 
o Flow measuring device 
o Gas storage tank 
o Flare 

• Fixed film apparatus within the reactor is constructed from hollow drawn vented 
polypropylene tubing 50 mm diameter by 550mm long. The tubing is bundled and 
installed vertically approximately 400 mm above the lowest part of the reactor to form 
a “floor” across the reactor so as to ensure maximum exposure of the acidified 
influent to methanogenic bacteria. The fixed film provides a stable platform for the 
methanogens to adhere too thus reducing the problems of washout. The material has 
an SG 0f 0.96 and hence needs to be securely anchored. A 0.97 cubic metres of 
Bioblock (approximately 26 % of total reactor capacity ) is installed.  

• High rate refers to the flow-rate (litres per minute) of the influent through the reactor, 
that is reduced hydraulic retention time (HRT) In this case the desired flow rate was 
24 hours which under normal circumstances and without Bioblok the methanogenic 
population would be flushed out of the system.  

• Over time the methanogens will develop long thin strands of sticky material 
(polysaccharides) which attracts and holds floating particulate thereby enhancing total  
digestion and reducing the level of suspended solids in the supernatant. 

• Overflow. Supernatant overflow outlet is situated towards the top of the reactor. An 
internal 40mm diameter collection ring ensures even collection from a wide area  
across the surface to prevent shoaling from a localised area.  

• An external S bend prevents oxygen ingress and maintains a water level above the 
supernatant overflow. 

• Gas pressure (approximately 8 kPa) is maintained in the reactor. The S bend also acts 
as a safety valve preventing excessive back pressure in case of a blockage.  
-  
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- Resources  
-  External   

- A number of institutions and individuals worked collaboratively with Active 

Research at formal and informal levels to produce a result. The organisations 

are:- 
 

• Yarra Valley Water. Providing site, power, connection points, historical sample 
data, current process information. 

• Food Science Australia  (Dr Kamaljit Vilkhu). The author of Food Science 
projects number 213 and 214 specialist advise on methodology issues 

• Baseline Pty Ltd (Dr Stephen Nearhos) Supplier of specialist microbes and 
advisor in relation to optimising microbial development 

• Genises Now    (Geoff Andrews) Specialist advisor in relation to energy 
conversion and optimisation 

• ACIRL    (Bob Flemming) Gas analysis 
• Ultra sound technology  (Prof Uwe Neiss) World renowned academic in ultra 

sound technology with considerable experience in STP’s 

• Analytical labs as required  - ALS, Ecowise,  
 
Internal  
In addition the Active Research trailer is equipped with a photo spectrometer and 
associated equipment suitable for COD, nutrient, SS analysis and so on.   

 

-  

-  

- Timing 

The project was commenced in June 2009 and completed December 2009 
 
 
 
 
 
 

 
 
 



 

23 
 

 
Risk Management 

 
The drive towards waste to energy and water recovery technology will increase at 
ever increasing speed as time moves on. This in turn will necessitate a fresh risk and 
opportunity assessment process particularly with the possible introduction of other 
organic waste streams in the waste water treatment process.   
Risk assessment should not only apply to “nuts and bolts, slipping and sliding” but all 
conceivable facets of a business and how the risks can become an opportunity. 
The framework for this risk and opportunity assessment is a direct result of the work 
undertaken at Lilydale and is being implemented by Active Research for all current 
and future projects. A series of templates drafted will form the basis of work plans to 
be written and include: 

 
• Measuring risk – likely impact on company and client, Waste product 

assessment – (Attachment  A2)what is the composition of each part of the 
total influent stream and what will be the benefits of processing this 
stream. In other words we don’t want to spend $100 to receive $50 in 
return whereas if $50 can be invested to earn $100 then it is worth 
pursuing. The risk is building a commercial plant and suddenly realising 
the stream has unexpected characteristics. The opportunity is to get it 
correct first time round and save a lot of frustration, time and money.  

• Pre-treatment requirement. This template flows on from product 
assessment and provides the framework to assess individual components 
of any part of the operation. The risk is to specify the wrong equipment 
for the job. The benefit is to fully understand all equipment possibilities 
and maximise output. (Attachment A3)   
 

Acknowledging the fact major water companies have an excellent 
understanding of the waste water stream as at today, it is also a fact many new 
challenges and opportunities will need to be addressed as the drive for waste to 
energy facilities (plus water recovery) compound.  Opportunities may include 
the introduction of outside sources of organic material, for example winery 
waste to lift energy production.  
Operators will be dealing with new technology such as fixed film, sonication 
and co-generation units to maximise performance. The nature of co-generation 
also opens the doors to other business opportunities such as selling excess 
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power to third parties thereby insisting the margin for error be reduced even 
further.  
 
This is also the structure of the risk and opportunity assessment overlay  
 
1. Risk management documentation undertaken for the trial work at Lilydale 

which is attached as (attachment ..A4) 
2. A “looking forward” risk management assessment which relates not only to 

potential risks associated with operators, visitors and other personnel but 
also to the smooth operation of the facility from time of inception forward.  
The approach taken is that for every risk identified there must be a counter 
benefit which will ultimately lead to improved technical knowhow, ease of 
operation, social or environmental benefit.  Developing risk assessment 
programs can firstly be a dull task and a grind to adhere to. By adding 
“opportunity” as well it promotes a sense of progress and recognition thus 
fostering a higher level of staff involvement.  
 
There are four parts to the “whole document” which in turn cascade to 
specific areas and sub-sections (attachment A5)  For ease of management 
each section is allocated a colour which in turn flows through the entire 
process for reasons of continuity. 
Pink. This is the risk and opportunity assessment of everything that is 
required to allow for a considered opinion about every facet including final 
decision making before a sod is turned. This area looks at contractual 
arrangements, microbial details, pre-existing infrastructure, engineering and 
other site details, regulatory implications and financial arrangements. which 
Active  Research will utilise to better understand industrial organic waste 
streams. 

• Grey is the construction phase where all potential risks, delaying 
factors, and equipment lead times are exposed to ensure hold-ups are 
minimised but more importantly the construction proceeds without 
incident and quality control is maintained. By identifying potential 
risks the likelihood of the construction phase being on time and 
within budget are greater than without the assessment. This is the 
opportunity together with a safer construction site. 

• Green is the operational phase. From an operator perspective this 
area requires significant attention to detail particularly in areas such as 
the co-generation plant where the clients process is reliant on the 
continuous operation of the cogenerator.  
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• Light brown is the administrative phase The risk relates to financial 
mismanagement, poor reporting to clients and regulators and 
potentially missed opportunities. The opportunity is for the business 
to be regarded as a sound, well run, pro-active operation.   

 
This document is work in progress rather than a definitive publication 
thereby providing for amendments, modifications, additions and peer 
review.  
 
Bearing in mind the diversity of potential waste streams generated by 
industry every facet of the process starting at pre-preparation stage will need 
to be examined in close detail. Many examples are applicable but two which 
provide a challenge are the recovery of energy and water from chicken meat 
processing and similarly the separation of fine soil particles from wool 
scouring waste. 

 
 
How it works 
 Pink (1a)  is a broad brush overview of planned activities, for example: - 

• nature of waste,  
• regulatory requirements,  
• financial implications,  
• microbial requirements, 
• process confirmation and so on  

 
required to reach a stage whereby management can oversight essential criteria and 
likely viability so as to determine whether or not the project should be pursued. 
Subsequent to the overview and a decision is made to continue pink 1b kicks-in. 
 
Pink (1b) is the work to be undertaken to fill-in the gaps in the first stage of the 
overall process. For example:- 

• bench level analysis of influent stream, 
• potentially harmful material to the microbial population in the waste stream,  
• determination if specialised or adapted methanogens will required. 
• Possible use of pilot plant as a double check on microbial behaviour, 

logistics, sludge generation, gas quantity and quality and so on. 
 
This leads to pink (1c) a micro level understanding of the parts of stages 1and 2. 
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By implementing the approach as described a very ordered and detailed assessment 
of every aspect of a new facility will be identified, questioned and confirmed. 
Attachments 2 and 3 are examples of the format outlining  the process in relation 
to a waste to energy facility based on the digestion of poultry processing waste 
water and offal for the recovery of energy and water. 
  
In summary and for example this section would identify  a risk(s) which may affect 
the operation of a waste (thickened primary sludge) to an energy recovery facility – 
the risk being the pollutant in question and the opportunity to utilise the risk as a 
feedstock for the benefit of the process. The approach described represents a 
quantum leap from considering the best method of eliminating or controlling a risk 
to turning that risk into a benefit. The approach is commercial rather than 
instrumental. 
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Discussion/Evaluation 

As the technology gap closes between the two major sectors in the waste 
management industry – that is (1). operators of waste water treatment facilities and 
(2) operators of treatment facilities for industrially generated organic waste 
treatment, the commonality of process (technology) is also narrowing.  
 
The benefits to accrue as a result of cross-pollination  to both groups as a result of 
process improvements will be judged by the quality and quantity of water 
recovered, operational costs and possibly more importantly total, or part self 
sufficiency in energy requirements.  
Many other benefits will flow-on including:-  

o Smaller footprint for facilities  
o Reduced operational costs 
o Environmental outcomes improvement 
o An expanded and clearer focus for technology development 

 
If a needs analysis was undertaken to address which sector(s) of the waste water 
treatment industry could best benefit from technological development the results 
would show, probably very strongly, that it is the small to medium size 
organisations which will benefit most of all. 
 
Very large treatment plants, for example Melbourne Water at their Werribee site 
have the inbuilt capacity – particularly financial muscle, to seek out and very 
importantly facilitate the introduction of new expertise.  This is often not generally 
the case when treatment facilities become smaller even though the need for new 
installations, finance and up-to date technology becomes more and more pressing.  
 
In a bid to re-frame the view in which waste water treatment facilities are held and 
the focus changed from being a public utility to one of an energy and water 
recovery  business where water is a by-product the operational and financial 
parameters change dramatically.  
The move, facilitated in part by the ability to recover energy from a mixed range of 
influents as diverse as vegetable scraps to egg pulp to supermarket waste to ethanol 
stillage and so-on will significantly improve the bottom line of any waste facility.  
Water Authorities/Companies are in the magnificent position of having congealed 
energy (base load if you like) piped to their door every day and the addition of 
high(er) COD material can only further improve the process.  
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There is a wide assortment of pre-treatment technologies available to remove other 
contaminants, reduce particle size etc. and water as a by product whilst not potable 
will be of a standard which can be further treated relatively easily. Melbourne 
Water can attest to this. The benefits of ultrasound have been demonstrated time 
and time again and the experience of a company such as Active Research in dealing 
with many and varied influents generates the ideal conditions for cross pollination 
of ideas. 
Having stated some of the benefits of an industry re-inventing itself the question is 
how can this be achieved at least cost and in a timely manner? The most probable 
answer is for the Water Industry at large to act as a block to facilitate the 
construction and demonstration of the latest technology developments.  The big 
advantage to the water companies would be the minimal up-front costs depending 
on the financial model agreed on.  
Satellite or the need for an upgraded treatment facility in the vicinity of a major city 
or country town where a new facility is planned would be an ideal location for an 
industry wide common project. 
 
Acknowledging there is an important role for consultants and the like, consultants 
by their very nature are rarely in a position to build as a demonstration facility the 
best available in waste water treatment facilities due in the main to risk aversion 
policies. The corollary has been a plethora of different ideas as to how process 
development should be achieved resulting in the wheel being invented again and 
again by different water companies. 
  
The above notes could be viewed as a double edge sword from Active Research’s 
point of view – on the one hand the water companies could become competitors 
for the acquisition of organic material but on the other the construction and 
management of a facility treating sewage and other material is a very attractive 
proposition.  
 
The real driver is for energy to play the lead role in organic waste treatment if only 
because of spiralling energy prices. With the efficient recovery of energy all other 
desirable outcomes naturally fall into place – water recovered, sludge generation 
reduced, smaller facility footprint and reduced operating costs. If water is regarded 
as the driver little else is achieved without further capital expenditure.  
 
From the standpoint of an investor interested in the construction and operation of 
waste water treatment facilities the business case for a hybrid plant recovering 
energy and water is far more persuasive than simply sewage alone. In essence a 
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treatment facility would be constructed on water authority real estate at no cost to 
the authority and in return the authority would agree to purchase recovered water 
from the treater. Surplus energy, gate fees from other organic waste streams, 
nutrients recovered and other recovered material would remain the property of the 
treatment company. 
 

Return on Investment. 
Total direct investment by the Smart Water Fund, was $52,000 together with an 
equivalent contribution by Active Research.  
The financial benefit(s) if merged into the process at an existing facility would be:- 

• Reduced sludge generation and therefore reduced disposal costs. It was 
evidenced by the work undertaken at Lilydale a significant reduction in 
sludge generation could be expected. ref Neiss, Nickel et al “two years 
experience on a large German STP ....”  

• Biogas with a high % of methane >70% (CH4) was generated thus 
indicating that self or very near self sufficiency in energy requirements is a 
reality. For example if a waste water treatment plant with a flow of 1 ML 
per day was to raise the COD of the influent to 4kg/m³ by the addition of 
high strength industrial organic material a minimum of 50m³/h of biogas 
would be generated which in turn could provide sufficient fuel(gas) to 
operate a 100kW/h cogeneration plant.  This in all probability is in excess 
of the power requirements to operate the facility and to increase the COD 
to the required level would not be difficult.  

• 2,400 kW/day at an indicative value (cost to user) of 15 cents/kWh 
equates to  $360 per day or $131.400 pa.  

• If the value of Renewable Energy Certificates (at say $50.00 MWh) are 
added to the value of the electricity ($120.00 /day) an additional $43,800 
per annum would be accrued.  

 
 

Conclusion 
Bearing in mind the essential elements of the project was to demonstrate that:- 

• Fixed film technology as a complimentary component of the digestion 

process is realistic. 

• Ultrasound is a worthwhile waste preparation tool  

• Reduced hydraulic retention time is achievable  
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• Sludge generation reduction would occur when ultrasound is used in 

conjunction with high rate fixed film anaerobic digestion 
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23-Jul 27-Jul 30-Jul 31-Jul 3-Aug 20-Aug 21-Aug 22-Aug 24-Aug 25-Aug 26-Aug 27-Aug 

 
COD 4260 2860 8910 8650 8560 5040 5210 4240 4740 6400 5340 3900 

 
VFA 1580 1000 2980 4090 5200 2070 1520 2580 2300 2300 1800 1140 

 
SS 1780 1460 1240 1680 1970 1460 1470 1130 1190 1380 1440 1680 
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Properties 

Waste Product Assessment   

 
Physical Properties  
 
 
 
 
 
 
 
Process  
  

 
 
 
 

 
 
This chart is designed to move away from the notion that a waste stream is simply a waste stream – but rather a amalgam of a 
number of different streams each of which will have its own particular characteristics and treatment requirements.  In the case of a 
waste water treatment company the assessment would start at the point of generation upstream of the treatment facility. 
 
 

Stream 1 Stream 3 Stream 4 Stream 5 
 

Stream 6 Spare 

Chemical analysis 

Volume.  hour 
   day/week 
 

Potential 
energy 
water 
sludge 

Stream 2 
2 

A2 
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Waste Pre-treatment Requirement  

 
 

 
 
 

$ Chopper/grinding equipment    
 
 Pump capacity  
 Circulation of influent in vessel 
 
 
 Removal of non digestable matter 
 
 
 
 Isolation of special bacteria  

Stream 1 

 Technology requirement      Task       Capital cost 
$ 

Running cost 
$ 

Recovery 
value  $ 

End benefit 
/tonne gas 

macerating 

logistics 
pumping 
handling 

 
screening 

microbial 
degradation 

A3 
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A4 

 

Risk Assessment all sites 
       Specific Task   Potential hazards/    Risk     Control measures  
 
Loading effluent    
 Pump pressure   Not high pressure, (max 10 kpa) but spillage on clothing  Low     Check fittings regularly 

and body parts may be leave an unpleasant smell  
Check all valves in correct position before starting pumps Low   Monitor pressure gauge 

   on start-up 
 Ultra sound   Noise may be painful after extended exposure (20 kHz) Low          Ear muffs provided 
 Discharge for overflow Reactor will overflow from top when full. Potential   Low    Check discharge valves open 

flooding of reactor. 
 Hoses and valves  Hoses not properly connected or leaking will lead to 
     spills resulting in unpleasant odour and more work to clean-up  Low   Observe and repair/reinstate as  

    required 
Gas production 
 Pressure   Low pressure (max 8 kpa) bacteria will continue   Low   By-pass will compensate for excessive 

to generate gas if lines blocked        pressure but gas generation will be  
                   understated  

      Pressure can build-up very significantly and potentially  Low 
cause damage to other equipment  

 Type of gas   Gas generated is a mixture of methane (colourless and Med  Do not operate with door closed. 
     odourless. Lighter than air. Very explosive if mixed with    Strictly no smoking or naked flame in  
     5% oxygen. Harmful to sense of smell and lungs) Carbon     area 
     Dioxide and other minor gases.  
 Flare    When being flared gas burns at approximately 900°C  
     Flare is colourless in daylight     Med   Flare only to be lit under supervision 
Supplementary heating 
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 Temperature   Supplementary heat source on wall supplies hot water to  Low       Do not attempt to disconnect pipework 
     the reactor heat exchange at 80°C at a pressure of 1 bar.   when heater is on. Release water pressure   
     Potential to burn skin         before disconnecting. 
  
Product analysis    
 Reagents   Some acid and alkali reagents are highly reactive with the  Low  Ensure adequate fresh water available 
     Potential to burn if applied to skin.     To wash skin immediately if spill occurs. 
               Refer to manufactures instructions for 
                further information 
 Heat block   Some tests require heating in the heat block provided.  Low   Use protective finger cots if hot vials  
                Need to be moved 
 
General Hazards 
Biological     Effluent splashing onto skin     Low   Wash off with soap and water 
               Wear gloves provided if exposure likely. 
     Splashing into eyes      Low  Wear goggles provided 
               Wash hands before consuming food. 
Falling    Tripping       Low  Use hand rails 

ALWAYS LEAVE ROLLER BACK DOOR OPEN WHEN WORKING IN TRAILER 
A first aid kit is located in the front right hand corner of the trailer 

A fire extinguisher is located on the right hand wall, back of the trailer 
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Heirachy of risk and opportunity assessment       A 5 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The whole 
document 

Contractual  obligations 
design, offers, 
financial, nature of waste, 
regulations, staff , clients, 
shareholders 

Construction, engineering, 
civil works, 
available material, lead times 

Operational.  
Electrical, gas, chemical 
compliance,  mechanical 
housekeeping, process 
monitoring 

Administrative 
Invoicing, payments, 
compliance, reporting, 
costing  

Bench testing, pilot plant, 
analysis, reporting,  
chemistry, projections 

Site infrastructure distance 
to sewer etc, old 
underground works, geo. 

Neighbours, water 
authority, EPA, Council, 
height restrictions, access 

 

 

1
c
1 

1
c
b 

 1
c
c 

1a 
1b 

This schematic demonstrates the cascading 
effect. The intention is to break the process-up 
into “bite size” chunks thus simplifying the 
writing of a full assessment document and 
reducing the risk of an important oversight. 



 

37 
 

 
Appendices 
A1   Post Digestion Sampling 

A2   Waste Product Assessment 
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