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The Wastes to Profits Project Overview 

 

The Wastes to Profits project is supported by Meat and Livestock Australia and partners through funding 

from the Australian Government Department of Agriculture as part of the Rural R&D for Profit program from 

2018 to 2021.  

The objective of the Wastes to Profits project is to develop technologies and business models for the 

conversion of organic wastes from the red meat, dairy, pork, and municipal waste industries into valuable 

products resulting in productivity and profitability improvements for primary producers. The Wastes to 

Profits project aims to capture a potential market opportunity for the livestock sector in excess of AUD$100 

million per year by converting organic wastes into valuable products. 

The project focuses on the following 4 areas; 

Area 1: Assessing waste streams from the livestock sector, developing business models and pathways to 

adoption to promote commercial application of project outcomes; 

Area 2: Developing technologies for improved management of wastes with a key focus on anaerobic 

digestion as a platform for energy production from waste; 

Area 3: Developing technologies for the production of nutritionally-advanced feeds; and 

Area 4: Developing technologies for production of fertilisers, chemicals, plastics, and energy products. 

This document provides a brief overview of the progress made from December 2018 to July 2019. If you 

would like more information please do not hesitate to contact us. 

  

Project Manager 

Lisa van den Berg 

e: lisa.vandenberg@qut.edu.au  

p: 07 3138 1415 

 

Key Contacts:  

 

Chief Investigator 

Professor Ian O’Hara 

e: i.ohara@qut.edu.au 

p: (07) 3138 1551 

 

Visit website & sign up to newsletter:  

https://research.qut.edu.au/biorefining/projects/wastes-to-profits/  

 

#wastestoprofits 
   

 

https://research.qut.edu.au/biorefining/projects/wastes-to-profits/
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Area 1 Overview: Wastes assessments, business models, and pathways to 
adoption 

 

Area 1 consists of 2 activities which are integral to providing a framework for all project activities and ensure 

the development of viable commercial outcomes from the Wastes to Profits research program. Area 1 will 

provide information to industry partners on the costs, benefits, and opportunities associated with the 

technologies being developed within the project through (i) analysis and identification of aggregate amounts 

of current waste streams produced from on-farm, intensive feed, and related processing sectors, and 

assessing waste aggregation opportunities across these industries and (ii) research into the 

technoeconomics of project technologies and exploration of new business models for adoption. 

 

 

Area 1 Lead Contact Organisation Phone Number Email address 

Prof Bernadette McCabe 
University of Southern 
Queensland (USQ) 

(07) 4631 1623 Bernadette.McCabe@usq.edu.au  

 

mailto:Bernadette.McCabe@usq.edu.au
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Area 1 – Progress from December 2018 – July 2019 

KPI 6.2 – a summary of progress against Activity 5 including: 

- development of market opportunities for products derived from the technologies developed in this grant activity. 
(Activity 5.1) 

- development of potential business models and cost-effective supply chains through techno-economic assessment 
to enhance pathways to adoption. (Activity 5.1) 

The Wastes to Profits project is at an early stage with research underway in all activities producing data 
to inform the next stage of technoeconomic assessment and pilot scale development. A detailed 
technical report is attached as evidence of progress against Activity 5. Below is a high-level summary of 
progress against Activity 5 for KPI 6.2: 

Area 1 (Activity 5.1) provides a framework for all project activities to ensure the development of viable 
commercial outcomes from the Wastes to Profits research program. During the reporting period: 

 Researchers engaged with the Research and Development Corporation (RDC) partners to 

explore existing industry survey initiatives as prospective sources of waste quantity and quality 

data. This will value-add to existing industry initiatives to collect pertinent information. In addition, 

these survey questions developed in the previous reporting period have begun to be used to 

assess and develop case studies on specific waste aggregation opportunities that already exist 

amongst project partners located in close proximity. Such case studies will facilitate documented 

outcomes from the research program and can offer pathways for translation of research to the 

benefit of agricultural industries.  

 A waste quantity and characteristics database was developed to enable knowledge sharing. This 

database will be an important collaboration tool by facilitating consistent information on waste 

quantities and characteristics across the research program, and will to feed into business model 

assessments. Discussions with the ABBA team have highlighted opportunities for continued 

interactions and synergies, and these will continue to be explored in the next reporting period to 

value add via collaborations. Initial market assessments were conducted on biogas for use as a 

renewable replacement for natural gas or electricity production, digestate for use as an 

organomineral fertiliser, and animal feed products. Many of these products have standard 

composition and quality requirements, which provide targets for novel products from waste. There 

are emerging demands for sustainably-produced meat products, and the reuse of waste within 

the meat production industry can position the industry solidly in this market with potential to add 

revenue or decrease production costs.  

 A technoeconomic framework by which the project technologies can be assessed was developed 

in collaboration with the activity leads  

 To complement the market assessment and technoeconomic analysis, a “Path to Impact 

Analysis” framework for a contextual analysis was also developed focusing on the identified 

adoption barriers and limiters from the Wastes to Profits 2019 Annual Workshop. This approach is 

based on PESTLE Analysis, which looks into the Political, Economic, Social, Technological, Legal 

and Environmental aspects that can affect the implementation of a project.  

Further study and detailed technoeconomic assessments can provide more detail with regards to the 
total value of the new products being developed. In the future, market assessment, technoeconomic 
assessment, and Path to Impact Analysis will be undertaken for each technology being developed.  
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Area 2 Overview – Development of technologies for improved waste 
management 

 

Waste management costs the Australian red meat industry an estimated $100-200M per year. To manage 

these costs and improve industry sustainability, the Australian red meat industry aims to reduce waste by 

25% by the year 2020, with a long term goal of zero waste discharge. The “zero waste” concept revolves 

around redirecting material towards recycling, beneficial re-use, or new value-add by-product streams. Many 

technologies contribute towards this goal, in particular anaerobic digestion (AD) is a mature commercial 

technology for producing renewable energy (biogas) and nutrient-rich fertiliser (digestate) from waste. The 

proposed research focuses on improving the performance of AD via improving process rates, improving 

energy yields, and increasing the value of digestion residues, with corresponding improvements to economic 

potential. These gains will be achieved using (i) pretreatment technologies that transform the waste prior to 

AD, while also enabling direct recovery of high value compounds, (ii) next-generation AD technologies and 

process design with improved efficiency, (iii) performance enhancing additives, and (iv) co-treatment 

strategies that leverage infrastructure to increase process output and promote industry cooperation. 

However, the waste-to-value opportunities go far beyond traditional AD products. AD is extremely flexible 

and compatible with many technologies aiming to generate value from waste, making AD a strong platform 

for technology integration and value-chain innovation. 

 

 

• Key focus on AD as a platform for energy production from waste 

• AD converts “wastes” into renewable energy (biogas) and nutrient-rich fertiliser (digestate) 

• Area 2 focuses on improving the economics of AD by targeting improvements in:  

• process rates (reduced capital);  

• biogas yields (energy revenue);  

• digestate quality (fertilizer revenue); and  

• using smart process integration strategies to maximise plant-wide benefits. 

 

 

 

 

Area 2 Lead Contact Organisation Phone Number Email address 

Dr Paul Jensen 
University of 
Queensland (UQ) 

(07) 334 69973 p.jensen@awmc.uq.edu.au 

  

mailto:p.jensen@awmc.uq.edu.au
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Area 2 – Progress from December 2018 – July 2019 

KPI 6.2 (continued) – a summary of progress against Activity 5 including: 

- development of novel pre-treatment and waste processing strategies to prepare wastes for value-adding. (Activity 
5.2) 

- development of ways of improving efficiency of waste to energy processes to increase bioenergy yields, increase 
nutrient recovery, and lower costs. This includes the use of additives. (Activity 5.2) 

- development of opportunities to increase adoption of bioenergy technology. (Activity 5.2) 

AD is a waste-to-energy technology that stabilises organic wastes and allows energy recovery as 
methane. Area 2 (Activity 5.2) focuses on improving the economics of AD of red meat processing (RMP), 
agro-industry, and other organic solid wastes by improving process rates (less capital), biogas yields 
(energy revenue), and digestate quality (fertiliser revenue), and uses process integration strategies to 
maximise plant-wide benefits. Progress during the reporting period is as follows: 

 Pretreatment of wastes has been identified as a strategy to enhance biogas production rates and 

therefore improve the economics of AD. More than 12 novel pretreatments were identified for initial 

screening on RMP wastes, agro-industry wastes and other organic solid wastes. The research team 

initially focused on alkaline, enzymatic and thermal-hydrolysis pretreatment, with a primary focus 

on paunch.  

o Mild thermal pretreatment was investigated and showed significant impacts on the properties 

of dissolved air flotation (DAF float) and waste activated sludge (WAS); these streams 

represent ~50% of solid waste at a RMP facility and generally >50% of solid waste at a 

domestic waste water treatment plant (WWTP). In particular, mild thermal pretreatment (using 

waste heat available on site) partially-solubilised DAF float, making this material available for 

use onsite as a carbon source for nitrogen removal, a substrate for waste-to-protein 

technologies, or an additional source of biogas energy.   

o Mild thermal pretreatment had no impact on paunch or cattle manure, mainly due to the 

lignocellulosic content of these wastes. It is likely alkaline pretreatment will have a greater 

effect on lignocellulosic biomass and enhance paunch and manure biogas production.  

 Additives to AD have the potential to increase biogas yields and improve downstream water quality 

(centrate); several potential additives were investigated. 

o Three natural zeolite and three heavy metal additives were prepared and initial biochemical 

methane production (BMP) testing was conducted on waste supplied by a WWTP. Natural 

zeolites demonstrated ammonia uptake which increased effluent quality but did not have a 

significant effect on biomethane production. 

o RMP waste streams (paunch, combined wastewater, stick water, and manure) were 

characterised in preparation for future BMP testing. RMP waste streams are likely to be more 

suited to these additives as AD can be inhibited by ammonia and heavy metal deficiencies. 

 Co-digestion was identified as a strategy to reduce the cost of AD and promote broader uptake and 

application. The project is progressing anaerobic co-digestion through desktop feasibility studies, 

development of continuous laboratory processes, and full-scale validation work. In the past 6 

months, over 5 ML of industry trade waste has been redirected to WWTP for anaerobic co-digestion 

(over 60% sourced from dairy processing). We expect that this same WWTP could process up to 

14 ML of additional trade waste p.a. and are exploring this opportunity with a project partner. 

 Increasing removal of water from sludge (surplus activated sludge and digested sludge) will reduce 

transport and disposal costs of animal industry wastes. Pre- and post-treatments to reduce water 

content of sludges were investigated. Twelve bacterial strains were screened and at least two 

Acidithiobacillus strains showed positive effects on sludge dewaterability. Verification of these 

strains’ treatment effectiveness on sludge from different wastewater treatment plants and treatment 

optimisation will be conducted prior to pilot-scale sludge treatment. 
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Area 3 Overview – Development of technologies for production of 
nutritionally-advanced feeds 

 

Area 3 will match specific waste streams to the best biological processing system to deliver the highest value 

feed product with maximum profit. Each of the solid, liquid and gaseous waste streams will be converted in 

different activities using a range of processes based on different biological systems. Microbes will convert 

solid and liquid wastes to livestock feed protein that is optimised for the co-production of other important 

nutrients, thereby significantly enhancing the value. Microalgae will be used to convert liquid wastes, including 

from AD, into algal products and clean water. Novel engineered co-cultures of microorganisms will be used 

to take crude biogas to nutritional feed protein overcoming a major challenge with impure gas streams that 

come from AD. Overall, this suite of biological, waste conversion processes will take the livestock industry 

towards zero waste along with new revenue streams worth in the order of $80 million per year. 

 

• Opportunities to produce new animal feeds products from wastes 

• Contribute to a sustainable feedbase and deliver improvements in animal productivity which will be 

measured through feeding trials 

• Area 3 focuses on converting digestate, wastewater, biogas, and solid wastes into:  

• nutritionally-enhanced single cell protein; 

• probiotics; 

• algae; and  

• enzyme supplements. 

 

 

 

 

 

Area 3 Lead Contact Organisation Phone Number Email address 

A/Prof Rob Speight QUT (07) 3138 0373 robert.speight@qut.edu.au  

 

  

mailto:robert.speight@qut.edu.au
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Area 3 – Progress from December 2018 – July 2019 

KPI 6.2(continued) – a summary of progress against Activity 5 including: 

- development of opportunities for production of feed protein products (from wastes) that provide benefit to the 
Australian red meat, dairy and pork industries. (Activity 5.3) 

- development of opportunities for pilot demonstration of selected technologies to produce feeds for nutritional 
quality assessment and animal feeding trials. (Activity 5.3) 

Area 3 (Activity 5.3) offers a suite of conversion processes to produce nutritious animal feed products. 
The processes will contribute towards the “zero waste” goals of the industry and could provide potential 
new revenue streams in the order of $80 million p.a. Solid, liquid and gaseous waste streams will be 
converted into nutritional products using cost-effective and scalable production processes. During the 
reporting period, the following progress was made: 

 Purple phototrophic bacteria (PPB) were evaluated for conversion of agro-industrial wastewater 

streams into feed or feed additives.  

o PPB at protein concentrations above 60% were produced on agro-industrial wastewater 

presence of high value pigments, such as carotenoids, was confirmed.  

o World-first successful growth of PPB as rapid settling aggregates (on synthetic wastewater) 

was demonstrated. PPB aggregates have enhanced settling characteristics which may reduce 

harvesting costs. 

o >2kg of PPB biomass for future small-scale feeding trials was produced 

 Microalgae can convert nutrients in agro-industrial wastewater streams into valuable protein for 

animal or aquaculture feed. 

o Five years of a local abattoirs wastewater data was collected and analysed, showing the 

overall nitrogen to phosphorus ration is suitable for microalgae cultivation 

o Demonstrated that microalgae previously isolated from piggeries were able to remove 

nitrogen from wastewater streams from local abattoir and domestic WWTP AD centrate. 

o Isolated a new microalgae species from local abattoir wastewater which, when supplemented 

with 1% CO2, demonstrated improved biomass productivity and faster nitrogen removal of up 

to 95±2% within 6 days (down from 14 days). Cultivation of microalgae in centrate coupled 

together with the bioremediation of CO2 from flue gases generated on site is highly promising. 

 Typically the biogas from AD will be converted into heat or energy. Potentially an alternative use of 

this biogas is the production of biomass for animal feed. Researchers are exploring conversion of 

raw biogas into animal feed through co-cultivation of methanotrophic and photosynthetic microbes.  

o QUT personnel visited Pacific Northwest National Laboratory to gain expertise and participate 

in co-cultivation experiments. A co-culture consisting of M. alcaliphilum 20Z and C stanieri HL-

69 demonstrated robust growth on simulated biogas under varying growth regimes (light 

intensities, CH4/CO2 ratios, pH). The co-culture is likely to produce biomass with favourable 

amino acid profile thus providing an avenue for increasing the value of the animal feed product.  

o Built metabolite-sensing circuits for lysine-dependent control of gene expression in M. 

alcaliphilum 20Z. These genetic sensors will enable application of directed evolution to the 

development of methanotrophic strains with high lysine content. 

o Designed a new airlift photobioreactor configuration for microalgal-methanotrophic cultivation 

on biogas. This design allows modular scale-up and enhances the surface area of the reactor 

capable of light transmission, which will increase the operational safety of the system.  

 Conversion of solid wastes from the Australian animal industries into feed protein and value-added 

peptides. 

o Solid state fungal fermentation of paunch can generate feed protein with optimised nutrition. 

Four strains of fungi that were productive on paunch were identified. Nitrogen supplementation 

and inoculation methods were investigated to optimise productivity and protein content.   

o Pretreatment, enzymatic hydrolysis, and chemical modification of keratin (hair, wool, horns and 

hooves) can generate animal feed protein supplements and other potentially valuable 

products. Optimisation of enzymatic and chemical processes to degrade hair into specific 

peptide mixes was undertaken and seventeen candidate product opportunities were identified.  
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Area 4 Overview – Development of technologies for the production of 

fertilisers, chemicals, plastics and energy products 

 

Area 4 seeks to develop new commercial products that add value to AD and waste streams from the meat 

processing sector. These products will help underpin the long-term economic viability of meat production in 

Australia and reduce the environmental impact of the industry, thereby enhancing its domestic social ‘license 

to operate’ and its reputation internationally as a ‘clean and green’ industry producing safe, high-quality meat 

and meat products. The outcomes of Area 4 will be measured through profitability increases achieved using 

new technologies, reduced input costs, and improved productivity. 

 

• Developing new commercial products by converting wastes, digestate and residues into:  

• Bio-derived fuel, chemicals and energy products; 

• Bio-derived fertilisers, soil conditioners; and 

• Bioplastics and biocomposites. 

• New products will help underpin the long-term economic viability of meat production in Australia 

• Reduce the environmental impact of the industry, thereby enhancing its domestic social ‘license to 

operate’ 

 

 

 

 

Area 4 Lead Contact Organisation Phone Number Email address 

Dr Mark Harrison QUT (07) 3138 1234 md.harrison@qut.edu.au  

 

  

mailto:md.harrison@qut.edu.au
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Area 4 – Progress from December 2018 – July 2019 

KPI 6.2 (contintued)  – a summary of progress against Activity 5 including: 

- development of opportunities for technologies for the production of new products incorporating blood protein-
based bioproducts. (Activity 5.4) 

- development of opportunities for processing of wastes and anaerobic digestion digestates. (Activity 5.4) 

Area 4 (Activity 5.4) seeks to develop new commercial products such as bio-based fuel, chemicals, 
energy, plastics, composites, and fertilisers that add value to AD and waste streams from the meat 
processing sector. During the reporting period, the following progress was made; 

 The project team undertook a high-level review of the current challenges associated with extraneous 

matter contamination in the Australian rendering industry, the opportunities associated with 

replacement of petrochemical-based plastics with protein-based bioplastics in the meat-processing 

sector, and the associated challenges. The report identified adoption barriers to protein-based 

bioplastics in contamination control in the Australian rendering sector and suggested a range of 

alternative technologies that could enable the elimination of petrochemical-based plastics from 

contamination control in the meat processing sector.    

 Hydrothermal processing of agro-industrial wastes may produce renewable fuels, chemicals and other 

potentially valuable products.  

o A low-cost, mineral-based catalyst was developed and evaluated in both liquefaction and 

gasification studies. At present, the low cost catalyst is more suitable for liquefaction processes 

and in some cases produced higher bio-oil yield than more expensive commercial catalysts 

(i.e., palladium and ruthenium catalysts). 

o Ten agro-industrial wastes and combinations thereof as feedstocks in hydrothermal 

liquefaction experiments (with/without catalysts), and catalysed gasification experiments were 

investigated.  

 Hydrothermal liquefaction of combined feedstocks (i) DAFF and paunch, and (ii) 

digestate, DAFF, and paunch can produce a high bio-oil yield with a high heating value 

of approximately 40 MJ kg-1 (diesel = 45 MJ kg-1) 

 Gasification of the water fraction from the HTL, showed that significant concentrations of 

high calorific value fuel gases like hydrogen and methane can be produced. 

o The application of distillation as an intermediate step in upgrading bio-oils into higher value 

products like drop-in fuels was demonstrated.  

 Landfill avoidance through recycling of biodegradeable agro-industrial wastes is considered to be the 

best practicable environmental option, but there are many logistical and practical difficulties that need 

to be overcome, including unbalanced chemical composition and physical properties not suitable for 

standard farm spreading equipment. Optimisation of the physico-chemical properties of digestates 

should ensure acceptability by farmers and secure the agricultural route for on-farm application.  

o Batches of organomineral fertilisers (OMF) in the form of nutrient-enriched biosolids were 

produced by adding urea to base biosolids until an N:P ratio of 15:5 was achieved. 

o Controlled glasshouse experiments with rye grass and field experiments with wheat to assess 

OMF derived from biosolids were initiated. The experiments will provide data on nitrogen use 

efficiency, fertiliser replacement value, and other considerations such as residual effects (if 

any) of heavy metals in soil and crop biomass.  

 Paunch solids are the largest solid waste stream at meat processing plants with significant 

management costs; this research explored the potential of re-directing paunch into potentially high 

value biocomposite materials.  

o Paunch was characterised and shown to include fibres of high aspect ratio, with some being 

silica-rich, which is encouraging for adhesion 

o Composites of commercial PHA and untreated paunch with increasing fibre loading were 

manufactured using extrusion. 20 wt% untreated paunch showed properties comparable to 

current wood plastic composite products. 

 


