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Industry partner foreword 
 

TSBE believe industry-led research is critically important to the success of research projects broadly 
and can provide valuable insights into the commercial challenges faced by local businesses. The 
collaboration has the potential to uncover innovative pathways and technology that can help 
companies increase competitiveness, meet requirements for sustainable supply into local and 
international markets, while staying ahead of the global competition. Developing an understanding of 
the local ecosystem, the volumes and type of waste, the cost of energy and waste management 
through this project, has provided the opportunity to identify business opportunities for intensive 
agriculture, food processing and municipal waste industries in the Toowoomba region. The 
collaboration in bringing together industry participants is an important part of the research to ensure 
there is a commercial focus with the potential to create new products which are scalable through 
available volume, additional services, and technologies that can benefit the industry. The industry led 
research also has the potential to provide financial benefits through identifying more efficient and 
effective ways of doing business for a regional collective, which can lead to cost savings, increased 
profitability, and overall better performance. 

Being involved with the project has provided TSBE the opportunity to connect members with industry 
relevant research and the ability to develop a deeper understanding of the challenges for value adding 
waste as a regional collective. As a membership-based organisation, the project objectives to 
potentially identify significant value add opportunities for both agro-industrial waste for the region 
with a higher value return has been a critical part of the project focus. The key driver for TSBE in 
collaborating with the industry-led research is to help drive innovation and greater economic returns 
for the region through the potential creation of new products, services, and technologies that can 
benefit the industry long term. Identifying opportunities for growth through developing new products 
will help local businesses increase competitiveness to succeed in both domestic and international 
markets.  

TSBE would be interested in future collaboration with the opportunities highlighted as part of the 
Advancing Regional Agri-food waste project, providing assistance with industry consultation to help 
set clear project objectives with a commercial focus and that have a measurable impact for the region 
as a collective. Its important future projects are focused on the right goals, the outcomes are aligned 
with the needs of industry and progress can be monitored with key objectives in mind. The next steps 
should also focus on creating a scalable business model and commercialisation plan that can drive 
long-term impact and success. TSBE would be interested in supporting research collaboration for 
regional food manufacturing businesses.  
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Executive Summary 
There is a real need to map the waste valorisation opportunities for the key food producing regions in 
Australia. The Toowoomba region boasts a rich and diverse agricultural and food processing sector. The 
Toowoomba and Surat Basin Enterprise (TSBE) is interested in identifying business opportunities for 
stakeholders in the intensive agriculture, food processing and municipal waste industries in the Toowoomba 
region. The business opportunities identified in the project could potentially identify at least $10 million in 
potential value add given the unidentified agro-industrial waste and potential for higher extracted value 
purposes which will inform future detailed investigations and investment over the life of the FFW CRC. 
Consequently, the project had the following aims: 

1) Identify key stakeholders and extract key information regarding type of enterprise, volumes and 
type of waste, and costs of energy and waste management. A stakeholder engagement survey was 
developed with the intention to capture information from a range of industries, including: beef 
feedlots, dairy, pork, poultry (meat & eggs), red meat processing, horticulture, broad acre cropping, 
food processing/manufacturing, and food retail (Appendices 1-2). The survey was completed by key 
stakeholders pb Agrifood, Nippon Ham Oakey Beef Exports, and Barden Farms to provide information 
relating to types of waste streams, quantities of wastes generated, current waste management 
strategies, and energy profiling information (Appendices 3-5). This information then formed the basis 
of further investigation. 

2) Carry out a waste stream mapping of organic waste produced by intensive livestock industries and 
related food processing sectors in the Toowoomba region. An in-depth desktop study was carried 
out to assess high level waste mapping in the Toowoomba region. This exercise revealed that there is 
limited data for the Toowoomba local government area (LGA) and agri-food waste residues were 
subsequently estimated using the Australian Bureau of Statistics statistical area level 4 region the 
Darling Downs-Maranoa. Coarse image analysis was used to estimate a more appropriate value for 
the Toowoomba LGA. In 2019/20. Agri-food businesses in the Darling Downs-Maranoa generated 
approximately 795,739 dry tonnes of recoverable crop residues from cereal, non-cereal and 
horticulture industries (Figure E1), while 304,448 tonnes are potentially within the Toowoomba LGA. 
In terms of value recovery in the form of energy, gasification and cellulose ethanol production were 
ideal for cereal and non-cereal crop residues, while anaerobic digestion was ideal for horticultural 
wastes. Intensive livestock generated 469,497 dry tonnes, and these were largely suited to anaerobic 
digestion. Data from food processing/manufacturing was not available. Data gaps exists for the 
Toowoomba local government area and for food processing/manufacturing in this area in particular. 
This requires a more intensive mapping exercise with identified key stakeholders and connections. 
The stakeholder engagement survey (Appendix Figure 1) developed as part of this project could be 
utilised in this process. Three business opportunities in addition to the collection and beneficial 
processing of kerbside-collected municipal organic waste diverted from Toowoomba Regional Council 
landfills were identified. These were value adding to 1) pb Agrifood’s milling residues; 2) Oakey Been 
Exports paunch and dissolved air flotation sludge; and 3) Barden Farms vegetable waste. 
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Figure E1: Overview of agricultural residues in the Darling Downs – Maranoa (TR/DDM) and Toowoomba LGA with respective 

composition  

3) Plan and implement a strategy to increase capture and beneficial processing of municipal organics. 
Municipal organic waste collected by Toowoomba Regional Council can be source-separated for 
additional cost by repurposing the current optional green bin into a food organics and garden organics 
bin, with collection occurring weekly. Material collected by this service can be diverted from landfill 
to anaerobic digestion to recover energy, carbon dioxide and fertiliser, or to composting to recover 
fertiliser value. Detailed waste collection data and bin audit data were provided by Council. Collection 
systems were modelled, with the most cost-effective system identified and the cost estimated. 
Processing options including anaerobic digestion, composting and gasification were modelled. A 
private report provided to TRC identified that over a 20-year period, collection and processing would 
divert over 527,000 tonnes of organics from landfill, and generate up to 65,000 MWh of electricity, 
or 378,000 GJ of heat, or 514,000 GJ of biomethane and 52,478 t of food-grade carbon dioxide. 
Alternatively, TRC could generate 399,000 tonnes of compost in the same time period. Both activity 
estimations were more cost effective than the current business as usual approach over a 20-year 
lifespan if owned and operated by Council. 

4) Review of required infrastructure and matching feedstock with correct technology. Key 
technologies identified for this work included anaerobic digestion, bioactive extraction, cellulosic 
ethanol, composting, gasification, and insect protein. The technical requirements for these 

Darling Downs - Maranoa 

Toowoomba LGA 
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technologies were reviewed and technology selections were tailored for each feasibility study based 
on a) partner interest and b) technology/feedstock suitability. Partner interest was explored as part 
of the stakeholder engagement survey developed with the intention to satisfy Aim 1. High-level costs 
and revenue were estimated and recommendations were made for each feasibility study. 

5) Preliminary identification of value chain participants that could supply feedstock for a bioenergy 
facility and identification of markets for solid and liquid biofertiliser. Three value chain participants 
in pb Agrifood, Oakey Beef Exports, and Barden Farms were identified that could supply feedstock for 
a bioenergy facility. Together, these stakeholders could contribute a further 17,085 tonnes of 
feedstock to a bioenergy facility. Importantly, these waste streams are likely to be largely free of 
contamination and present relatively simple processing solutions and generate relatively clean 
biofertiliser products that are readily available for offtake. By comparison, municipal organics 
collected by TRC are likely to require extensive pre- and post-processing to remove plastic and 
polluting contaminants. 

6) Application of learnings to identify up to three (3) candidate business owners and undertake a 
feasibility study of one (1) business opportunity to inform future detailed investigations and 
investment. Three businesses, including pb Agrifood, Nippon Ham Oakey Beef Exports, and Barden 
Farms, were identified and pre-feasibility studies were conducted for each. pb Agrifood were 
interested in all opportunities to value add to their waste streams. Waste stream quantities were 
provided by pb Agrifood and wastes were characterised using data available in online databases and 
the scientific literature. Each waste stream was assessed for suitability to be treated by each 
technology (See Aim 2).  

 
Case studies: 

1) Value-adding to pb Agrifood’s milling residues: pb Agrifood was identified through the stakeholder 
engagement survey (Appendix Figure 1) and subsequent detailed interviews were conducted to 
undertake a high-level feasibility assessment. In a regional biorefinery context, pb Agrifood could 
contribute around 3,000 tonnes of agrifood waste. In the current context, some wastes are sold as 
stockfeed during drought conditions and this is in-line with the highest value as per the waste 
hierarchy. Weather-induced volatility in the stockfeed market may make lower-value, but more 
consistent markets more favourable, such as sending material to external enterprises for composting, 
bioactive extraction, or insect protein. Soybean gradings are particularly problematic for pb Agrifood, 
and are currently sent for combustion at significant cost. These soy bean gradings are suitable for 
higher-value outcomes including on-site production of insect protein, gasification, or composting by 
an external entity. A more in-depth assessment is required to determine business outcomes for these 
options. Additionally, care must be taken to ensure weed seeds are not fed to insects. A knowledge 
gap exists regarding the fate of weed seed toxins when consumed by insects, and further research is 
recommended to understand these risks. 

2) Value-adding to NH Foods Oakey Beef Exports residues: NH Foods Oakey Beef Exports’ (OBEX) 
interest was identified by TSBE and was subsequently interviewed and surveyed in order to undertake 
a high-level feasibility assessment. It would be challenging for OBEX to contribute materials for a 
regional biorefinery context as the materials carry a degree of biohazard risk. Currently, OBEX 
generate 4,660 tonnes of paunch and 6,000 tonnes of high-fat sludge from the dissolved air flotation 
(DAF) system. Paunch is currently composted and spread on nearby land, while DAF sludge is rendered 
to produce low-grade tallow. Composting and gasification of these materials was not economical. 
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However, conversion to insect protein had potential for large profits. The risk for insect protein will 
be ensuring an offtake agreement in a relatively new market. Importantly, insect protein reared on 
abattoir-derived material must adhere to animal safety legislation. Consequently, the most likely 
offtake pathways are to aquaculture and poultry, or in Queensland, aquaculture only. 

3) Value-adding to Barden Farms vegetable waste: Barden Farms was identified by the Fight Food 
Waste CRC and was subsequently interviewed and surveyed in order to conduct a high-level feasibility 
assessment. In a regional biorefinery context, Barden Farms could contribute around 2,850 t of 
vegetable waste. Between the Nobby and Gatton farms, Barden Farms currently generates around 
2,000 t of waste consisting of excess stock, offcuts and trims, out-of-spec and ‘other’ waste from the 
packing house. Offcuts and trims are sold for reprocessing, while the remaining waste is given to 
farmers as stock feed at no cost. A further 850 tonnes of out-of-spec waste remains unharvested and 
is ploughed back into the field. Barden Farms indicated interest in waste-to-feed and composting 
opportunities. At the current throughput, it appears uneconomical for Barden Farms to conduct a 
composting operation. Insect protein production was estimated to be a valuable venture to generate 
both insect protein and frass fertiliser. The risk for insect protein will be ensuring an offtake 
agreement in a relatively new market.  

Objective(s)  Result(s)  
1. Address FFW CRC Activity 2.1: Identify and 
prioritise products from waste streams from agri-
food and municipal organic waste streams in the 
Toowoomba Region. 

This project identified and quantified waste residues 
available from three sources and identified value-added 
products through various technologies across the waste 
hierarchy. Cropping, fruit and vegetable and animal food 
processing residues estimated for the Toowoomba LGA 
and Darling Downs – Maranoa SA4 region. Potential 
energy and nutrient recovery solutions were quantified 
alongside appropriate technology. A business case was 
developed for TRC for the diversion of organics from 
landfill into a more appropriate processing technology. 
Additionally, the pre-feasibility of three businesses to 
value-add to their waste streams was assessed. Each 
investigation yielded improvements beyond business-as-
usual approaches and demonstrates viable investment 
opportunities within the Toowoomba region. 

Next Step(s)  Timing  
Describe the next step(s) – if there is a Stage Two, 
how will these results feed into that? 

The preliminary results of Toowoomba Regional Council 
organics landfill diversion and three business case 
studies could inform the next phase of work via a 
Regional Food Transformation Network proposal which 
is currently under development. 

Project Milestones  Description 
1.1 Identify key stakeholders and extract key 
information regarding type of enterprise, volumes 
and type of waste, and costs of energy and waste 
management. 

Two stakeholder engagement surveys were created – a 
shortened (Appendix Figure 2) and extended version 
(Appendix Figure 1) - to identify key stakeholders in the 
Toowoomba Region. TSBE and the FFW-CRC Transform 
Program provided introductions to key contacts that 
served to conduct pre-feasibility assessments. 

1.2 Identify and quantify waste stream sources 
(type, volume, location, year-round consistency, 

A stakeholder engagement survey 
(https://surveys.usq.edu.au/index.php/613828?lang=en) 
was created that spans the major agrifood sector in the 

https://surveys.usq.edu.au/index.php/613828?lang=en
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energy potential, availability and current use or 
disposal method) within the Toowoomba LGA. 

Toowoomba Region and delivered to stakeholders. In 
addition, a desktop study was conducted to collate 
available online data for the Toowoomba region and 
derive available waste quantities for value adding. 
Quantification at the LGA level was not possible using 
online sources. 

1.3 & 2.1 Commence development of a plan to 
implement a strategy to increase capture and 
beneficial processing of municipal organics 

An assessment of kerbside collection systems was 
completed and the ideal processing scenario relative to 
cost and performance was identified. Thirteen iterative 
scenarios combining collection and processing options 
with respective costs, economic assessments and 
sensitivity analysis was provided to TRC 

2.2 Identify Value Chain Participants and Market 
Opportunities 

A stakeholder meeting was organised at the 
commencement of the project to identify key 
stakeholders. Through the combined approach of 
stakeholder surveys and direct contact, market 
opportunities were identified for pb Agrifood, NH Foods 
Oakey Beef Exports, and Barden Farms. 

2.3 Preliminary identification of value chain 
participants that could supply feedstock for an 
organics processing facility and identification of 
markets for solid and liquid digestate 

Value chain participants were identified by TSBE and 
provided to UniSQ with contact details. Markets for 
liquid and solids digestate are emerging, but retail 
packaged fertiliser and potting mix was identified. 

2.4 & 3.1 Commence application of learnings from 
activities 1.1, 1.2, 1.3, 2.1, 2.2, 2.3 and 2.4 to 
identify up to three (3) candidate business owners 
and undertake a prefeasibility study of one (1) 
business opportunity to inform future detailed 
investigations and investment. 

pb Agrifood, NH Foods Oakey Beef Exports and Barden 
Farms were engaged, data collected and a pre-feasibility 
of each business’ waste residues was conducted. 
Business opportunities were highlighted to inform 
future detailed investigations and investment. 

CRC Milestones Description 

2.1 Existing waste streams relevant to partner 
organisations surveyed. Market opportunities and 
food safety hazards identified. Near-market 
opportunities reviewed. 

A stakeholder engagement survey (Appendix Figure 1) 
was produced which included all intensive livestock and 
cropping aspects, food processing, and retail. Following 
the release of the online survey through a physical 
mailout of the URL, poor survey access prompted 
development of a cut-down 1-page survey (Appendix 
Figure 2) which received zero responses. 
 
It was not possible to estimate residue quantities from 
food processing/ manufacturing and retail via this 
method due to low survey engagement. A desktop study 
was initiated to capture this information from a high-
level perspective. Residues were estimated for the 
Darling-Downs-Maranoa and the Toowoomba LGA as 
per the Australian Bureau of statistics. Industries 
included intensive livestock, broad acre cropping and 
horticulture. Market opportunities were identified in the 
form of product recovery potential from these residues. 
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2.3 Further waste streams relevant to partner 
organisations surveyed for both known and novel 
products. Further market opportunities and food 
safety hazards identified and reviewed. Intellectual 
property for new product solutions registered. 

Waste streams and the potential for value-adding was 
assessed for both Toowoomba Regional Council and for 
three businesses: pb Agrifood, NH Foods Oakey Beef 
Exports and Barden Farms. For TRC, value-added 
products in the form of heat, electricity, and fertiliser 
were identified and a business case developed for 
solution implementation. For all three pre-feasibility 
studies, solutions in human/animal food, bioactive 
extraction, energy and nutrient recovery were explored. 
Significant value was anticipated for human/animal food 
recovery. 
 

 
Project Impacts and Modelling 

The key impacts include identification and analysis of:  

1. Opportunities to reduce the kerbside-collected organic fraction of municipal solid waste sent to landfill 
by introducing a new waste collection system. 

2. Opportunities to recover higher value from kerbside-collected organic waste using either composting, 
biogas, or gasification. 

3. Waste quantities in the broader Darling Downs/Maranoa SA4 statistical area and where possible, the 
Toowoomba LGA, that could be utilised for value-adding.  

4. Opportunities to collect more granular data for the Toowoomba local government area using an 
agrifood industry-wide survey. 

5. Opportunities to engage with small and medium enterprises in the Toowoomba region who have an 
organic waste management problem. 

Utilisation/Commercialisation Opportunities  
Organic waste generation for the Darling Downs – Maranoa and the Toowoomba LGA have been identified to 
facilitate attracting investment to the region to establish organic waste processing for high-value products in-
line with circular economy principles. A business case was developed for Toowoomba regional council and  
Pre-feasibility case studies were developed for pb Agrifood, NH Foods Oakey Beef Exports, and Barden Farms. 

Intellectual Property 
A set of potential piloting concepts and projects to explore for increased circularity/closed loop recovery of 
organic resources. Formal protection is unlikely required.  

Confidentiality  
NOT CONFIDENTIAL – Information used has been cleared by Participant organisation, and/or is available in the 
public domain. 

Approved By  
Prof. Bernadette McCabe Project Leader 
Justin Heaven Participant Representative 
Francesca Goodman-Smith TRANSFORM Program Leader 
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1 Background 

1.1 Project context 
This project fits within FFW CRC Program 2: Transforming Waste Resources, specifically addressing 
Activity 2.1: Identify and prioritise products from waste streams, by engaging with Toowoomba 
Regional Council (TRC) and the Toowoomba and Surat Basin Enterprise (TSBE). The project aimed to 
provide added value to organic waste residues generated in the Toowoomba region by diverting 
organics from current practices into transformation pathways in-line with circular economy principles. 
By demonstrating higher value, this is intended to attract investment to the Toowoomba region. 
Consequently, the project objectives were to: 1) map agri-food waste generation in the Toowoomba 
region, 2) develop a business case for Toowoomba Regional Council to divert organics from landfill, 
and 3) conduct a pre-feasibility assessment for three Toowoomba Region agri-food business to value-
add to their waste streams. 

1.2 National and international sustainability goals related to the project 
A circular economy aligns with key sustainability goals outlined in Australian Government’s national 
food waste strategy1. The strategy specifically aims to halve national food waste by 2030, and aims to 
achieve this via a set of specific goals, including: (1) improving policy support for avoiding, reducing 
and repurposing of food waste; (2) improving existing business processes to avoid or reduce food 
waste; (3) developing opportunities for markets to access types and amounts of food waste for value 
adding, and; (4) changing behaviours across the food supply chain. This project aligns with goal 2 
improving existing business processes to avoid or reduce food waste by value-adding to waste residues. 
This may include transformation into animal or human food products, recovery of bioactive chemicals, 
energy, nutrients and water. Closed-loop concepts would increasingly value-add to natural capital, 
reducing wastage, minimising costs and increasing profitability. This aligns with: 

• Global sustainable development goals of the United Nations, specifically goal 2 - zero hunger (by 
wasting less food resources), goal 3 - healthy lives and promoting well-being (by treating organic 
waste and displacing fossil fuels with waste energy sources to reduce emissions and improve air 
quality), goal 6 – clean water and sanitation (by increasing water use efficiency), goal 7 – 
affordable and clean energy (by extracting bioenergy from wastes), goal 9 - Build resilient 
infrastructure, promote inclusive and sustainable industrialization and foster innovation (closed 
technology adoption to allow waste resource recycling, including energy and water, to increase 
profitability and decrease wastage),  goal 11 – making cities and human settlements inclusive, 
safe, resilient and sustainable (reducing greenhouse gas emissions, improving air quality, and 
displacing fossil fuel use by industry), goal 12 – responsible consumption and production (by 
minimising inputs) and goal 13 – climate action (by reducing dependency on fossil fuels);  

• National sustainability goals outlined in Australia’s National Food Waste Strategy1, specifically 
priority area 2—business improvements; 

 
1 Available at https://www.environment.gov.au/system/files/resources/4683826b-5d9f-4e65-9344-
a900060915b1/files/national-food-waste-strategy.pdf 
2 Available at https://www.qld.gov.au/environment/pollution/management/waste/recovery/energy-waste 
3 Available at https://cabinet.qld.gov.au/documents/2016/May/BioFRMap/Attachments/Roadmap.pdf 
4 Available at https://arena.gov.au/knowledge-bank/australias-bioenergy-roadmap-report/ 
5 Available at https://cabinet.qld.gov.au/documents/2011/May/Surat%20Basin%20Future%20Directions 
%20Final%20Report/Attachments/Surat%20Basin%20future%20Directions%20final%20report.pdf 
 
 

https://www.environment.gov.au/system/files/resources/4683826b-5d9f-4e65-9344-a900060915b1/files/national-food-waste-strategy.pdf
https://www.environment.gov.au/system/files/resources/4683826b-5d9f-4e65-9344-a900060915b1/files/national-food-waste-strategy.pdf
https://www.qld.gov.au/environment/pollution/management/waste/recovery/energy-waste
https://cabinet.qld.gov.au/documents/2016/May/BioFRMap/Attachments/Roadmap.pdf
https://arena.gov.au/knowledge-bank/australias-bioenergy-roadmap-report/
https://cabinet.qld.gov.au/documents/2011/May/Surat%20Basin%20Future%20Directions%20%20Final%20Report/Attachments/Surat%20Basin%20future%20Directions%20final%20report.pdf
https://cabinet.qld.gov.au/documents/2011/May/Surat%20Basin%20Future%20Directions%20%20Final%20Report/Attachments/Surat%20Basin%20future%20Directions%20final%20report.pdf


13 
 

• Queensland energy from waste policy2, specifically increasing landfill diversion rate from 32.4% in 
2017-18 to 95% in 2050; 

• Biofutures roadmap3, specifically action 2: Identify and promote the opportunities available for 
investment in Queensland, and; 

• Australia’s bioenergy roadmap4, specifically agricultural related wastes objectives 2 & 3: creating 
an integrated supply chain for wastes generated by the agricultural industry to ease feedstock 
logistics for bioenergy generation, and; Ensuring that bioenergy take-up is encouraged with proven 
practices within the agricultural sector. 

1.3 Overview of the Toowoomba Region 
Data for the Toowoomba local government area (LGA) is limited. The Australian Bureau of Statistics 
(ABS) collects data to the statistical area level 4 (SA4) scale, and the Toowoomba SA4 region is 
extremely limited (Figure 1). By contrast, the Toowoomba LGA is a much larger area which branches 
into the SA4 regions of Darling Downs – Maranoa, and Lockyer. For the purpose of this report, ABS 
SA4 data for the Darling Downs – Maranoa regions was used, and is consistent with the Toowoomba 
and Surat Basin region as defined by the Queensland Government5.  

 

 
Figure 1: Toowoomba regions identified by blue dot. Left: Toowoomba LGA. Right: Toowoomba statistical area level 4 

region. 

1.4 Food and organic waste in Toowoomba and Darling Downs - Maranoa 
The Toowoomba and Darling Downs - Maranoa regions are synonymous with agriculture. A traditional 
driver of the region, agriculture is forecast to add $995 million to the Toowoomba region’s economy 
in 2021 (Toowoomba Regional Council 2021). In the 2019/20 period, the combined regions of 
Toowoomba and Darling Downs - Maranoa produced 43.6% of Queensland’s total crop-based product 
(Australian Bureau of Statistics 2021), and housed significant proportions of the State’s agricultural 
production businesses (Figure 2). Additionally, Toowoomba’s food manufacture sector contributed 
around $250 million to the region in 2020. 

Darling Downs - Maranoa 
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Figure 2: Percentage of crop tonnage, and the number of businesses in the Darling Downs - Maranoa SA4 region as a 

proportion of the Queensland total. Data from Australian Bureau of Statistics (2021). 
  

This large production simultaneously generates large amounts of agricultural and organic waste. 
These waste can be attributed to various components of the supply chain. ARCADIS (2019) identifies 
that food losses occurs primarily at 3 stages: 31% in primary production, 24% in manufacturing, and 
34% in the household, with minor components in wholesaling (0.4%), retail (3%), institutions (3%) and 
hospitality and food services (4%). 

At the primary production stage, waste generation includes both food waste and crop residues. Crop 
residues and food waste are commonly ploughed into the ground and effectively recycled as fertilisers, 
although it is recognised that not all crops are effective fertilisers (ARCADIS 2019). If not ploughed 
back into the ground, rejected food may be dumped or sold as low-value supplementary stockfeed – 
a practice known to result in chemical residues in animal products (Brooksbank et al. 2014). 
Meanwhile, at the manufacturing stage, wastes are commonly repurposed as animal feeds, 
composted, or disposed to sewer or landfill (ARCADIS 2019). 

These waste streams therefore present opportunities for an increasing number of innovative 
technologies that convert waste into valuable products, create new employment and supporting 
circular economy principles. This is particularly important in the farming community where 
closed-loop waste management practices not only improve profitability through reduced waste 
disposal costs, but also increases food security and nutrient security through improved fertilizers and 
nutrient recovery. The identification and implementation of economically feasible conversion 
technologies which transform organic waste to high-value products, such as renewable energy and 
fertilizers, also benefits the environment by reducing the amount of food waste going to landfill, and 
thereby reducing greenhouse gas emissions and leachate production. 
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1.5 Organic waste management options for value adding through production of energy and 
biofertilisers 

The concentration of agricultural businesses and commodity production in the Darling Downs - 
Maranoa regions and Toowoomba LGA presents opportunities to utilise waste residues from the 
production process for resource recovery and value adding in line with circular economy principles. 
Opportunities for value-adding should follow the food waste hierarchy in order to retain maximum 
value (Figure 3). However, when agricultural waste is no longer appropriate for feeding people or 
animals, the energy can be recovered and the nutrients can be returned to the soil. Several 
technologies can be used to value-add to agricultural and food wastes, and the appropriateness of 
each technology is dependent on the feedstock properties. The primary technologies for energy 
recovery include anaerobic digestion, ethanol production and gasification (Table 1). 

 
Figure 3: Food recovery hierarchy (KPMG 2020). 
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Table 1: Established processes for conversion of biomass to energy and other products, modified from (Brooksbank et al. 
2014). 

Process Anaerobic digestion Cellulose ethanol Gasification 

Feedstock 

Any organics (sewage, 
manure, municipal 

waste, waste/surplus 
grains, fruit & veg) can 

mix with cellulosic 
wastes & abattoir waste 

Cellulosic biomass: 
wheat straw, oat husks, 

forestry products & 
waste from energy crops 

(grasses, canes); 
waste/surplus grains, 

fruit & vegetable 

Cellulosic biomass: 
wheat straw, oat husks, 

forestry products & 
waste from energy crops 

(grasses, canes) 

Energy products Biogas, heat, electricity Ethanol, heat, 
transportation fuel Heat, electricity 

Other products Liquid & solid fertiliser Ash, compost, liquid 
fertiliser Biochar, ash 

Technology 

Biogas digester, 
gasholder biogas boiler 

(heat), cogeneration 
(heat + electricity); 
engine or turbine, 

generator (heat 
exchangers) 

Steam explosion, 
enzymatic 

saccharification, 
fermentation, 

distillation, cogeneration 
(heat + electricity) 

Gasification boiler 
(heat), cogeneration 
(heat + electricity) 

 

 Anaerobic digestion 
Anaerobic digestion utilises micro-organisms in the absence of oxygen to degrade organic materials 
and generate biogas and digestate ((Tait, Harris & McCabe 2021); Table 1) . Biogas is a gas mixture of 
methane (CH4; 50-80%), carbon dioxide (20-50%) and hydrogen sulphide in the parts per million range 
(Verein Deutscher Ingenieure 2006). Once scrubbed of hydrogen sulphide, biogas can be combusted 
or upgraded. If combusted, biogas has an energy content of 18-29 MJ·m-3. Upgrading biogas involves 
separating the gases into renewable natural gas (biomethane) and food grade carbon dioxide. In this 
form, biomethane has a lower heating value (LHV) of 35.85 MJ·m-3 (50 MJ·kg-1) and a higher heating 
value (HHV) of 39.4 MJ·m-3 (55 MJ·kg-1) (Australian Government 2020). Digestate produced from the 
process is rich in nitrogen, phosphorus and potassium that was contained within the organic biomass 
feedstock, undigested biomass, and anaerobic micro-organisms, and acts as a biofertiliser (WRAP 
2009). 

Biomass may be unsuitable or require pre-treatment prior to anaerobic digestion. For example: 
feedstocks high in lignocellulosic material typically performs poorly in anaerobic digestion, as lignin is 
indigestible by the microbial consortium and renders organic material inaccessible (Teghammar et al. 
2012); high levels of fat can destabilise digesters, block pipes, and cause foaming events (Harris & 
McCabe 2015); and imbalances in carbon and nitrogen, acidity, and trace elements can destabilise an 
anaerobic digester (Schmidt et al. 2018). Pre-treatment, supplementation and co-digestion are 
methods to overcome these problematic feedstocks. Pre-treatments such as steam explosion can be 
used to mechanically degrade lignocellulose feedstocks and enable greater digestion to occur (Stroot 
et al. 2001), while neutralisation with acid, base, and supplementation with trace elements can 
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enhance the digestion process (Schmidt et al. 2014; Schmidt et al. 2018). Co-digestion involves the 
mixing of two or more feedstocks with complementary characteristics to produce a more ideal 
feedstock mix which relies less on supplementation or pre-treatment (Bond et al. 2012). 

Additionally, the correct selection of anaerobic digester technology is critical. Several anaerobic 
digester designs exist and differ to better suit feedstocks with different characteristics (Van et al. 
2020). These can be broadly characterised into wet digesters and dry digesters. Wet digesters are best 
suited to feedstocks containing <10% solids, while dry digesters are better suited for feedstocks 
containing up 20-40% solids. Importantly, water is often added to feedstocks to achieve the necessary 
water content, though this is an added expense. The types of anaerobic digesters which are pertinent 
to this context include continuous plug-flow reactors, leach bed reactors, continuous stirred-tank 
reactors, anaerobic membrane reactors, and anaerobic lagoons. 

 Cellulosic ethanol 
Cellulosic ethanol involves the production of ethanol from non-food cellulosic biomass such as cereal 
straws. However, lignocellulosic biomass is difficult for micro-organisms to degrade through 
fermentation alone. Consequently, the process of generating ethanol from lignocellulosic biomass 
becomes a four-step process: 1) pre-treatment; 2) hydrolysis; 3) fermentation, and 4) distillation. Pre-
treatments can be applied to rupture the cell walls and increase surface area for subsequent chemical 
attack. Acid hydrolysis is commonly used to separate the lignin from the cellulose and hemicellulose, 
and subsequently improve the bioavailability of cellulose for fermentation (Amezcua-Allieri, Sánchez 
Durán & Aburto 2017). Extracted cellulosic material and other carbohydrates are subsequently 
fermented to generate ethanol. This process is typically used for generating fuel ethanol, with an 
energy content of around 21 MJ·L-1. 

 Gasification 
Gasification involves heating organic materials in an oxygen-reduced environment at high 
temperatures, typically 800-1100 °C, to produce combustible gases and biochar (Luo et al. 2019). 
Stoichiometric oxygen is introduced in order to facilitate combustion of the gases and support an 
autothermal process whereby unit operation is sustained by the incoming feedstock, independent of 
additional fuel. A significant proportion of thermal energy generated by the process is recoverable and 
can be used to generate hot water, steam and or electricity. Biochar mass varies with respect to 
feedstock, but is typically around 25% of the input feedstock mass for woody feedstocks (Pyrocal 
2020b). While nitrogen is typically volatilised during the process, phosphorus and potassium become 
concentrated in the biochar. Biomass feedstocks for gasification should range from 0-25% moisture 
content and 0-25% ash content (Pyrocal 2020a). While too much moisture in a feedstock can 
destabilise the gasification process and consume thermal energy, the ash content is inorganic and 
does not contribute to energy yields. Dry feedstocks which are woody and contain large proportions 
of lignocellulosic material are ideal for gasification. 
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1.6 Report aims & objectives 
This report focussed on six aims: 

1) Identify key stakeholders and extract key information regarding type of enterprise, volumes 
and type of waste, and costs of energy and waste management. 

2) Carry out a waste stream mapping of organic waste produced by intensive livestock industries 
and related food processing sectors in the Toowoomba region. 

3) Plan and implement a strategy to increase capture and beneficial processing of municipal 
organics. 

4) Review of required infrastructure and matching feedstock with correct technology. 
5) Preliminary identification of value chain participants that could supply feedstock for a 

bioenergy facility and identification of markets for solid and liquid biofertiliser. 
6) Application of learnings to identify up to three (3) candidate business owners and undertake a 

feasibility study of one (1) business opportunity to inform future detailed investigations and 
investment. 

2 Methodology 

 
Figure 4: Project outline 

Key project activities, outlined in Figure 4 , included (as per the original project agreement): 

1. Identify key stakeholders and extract key information regarding type of enterprise, volumes 
and type of waste, and costs of energy and waste management. 

a. An initial stakeholder meeting was held at the commencement of the project with the 
view to schedule regular meet ups via TSBE.  

b. A request for information (RFI) was compiled and sent to TRC for information on types 
of waste, quantities and costs of energy and waste management. Inorganic and 
general waste (i.e., plastics and cardboard boxes) were excluded from analysis in the 
project, because these are either recycled and/or out of scope for organics processing. 

c. Stakeholders were engaged with face-to-face meetings, emails, phone calls, and a 
stakeholder engagement survey (Appendix Figure 1). 
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2. Carry out a waste stream mapping of organic waste produced by intensive livestock industries 
and related food processing sectors in the Toowoomba region. 

a. An online survey was created and distributed by Toowoomba Regional Council by post 
to capture data on all waste streams within the Toowoomba LGA 
(https://surveys.usq.edu.au/index.php/613828?lang=en). 

b. A second, shorter survey (Appendix Figure 2) was also created and distributed. 
c. In light of poor survey uptake a desktop study was initiated by accessing ABS data to 

recover the most up-to-date and available agricultural production data at the SA4 
level. This data was combined with industry waste indices to estimate waste residue 
production. Toowoomba LGA data was estimated as a proportion of Darling Downs – 
Maranoa data through image analysis. Sectors included in this report are: crop 
residues from horticulture and broadacre cropping. 

3. Plan and implement a strategy to increase capture and beneficial processing of municipal 
organics. 

a. Literature review determined the optimal system for organics collection through 
investigation of pre-existing organics collection in Australia, and what has worked best 
to increase adoption and minimise contamination. 

b. Through a request for information, Toowoomba Regional Council (TRC) provided data 
regarding kerbside bin audits, landfill operating costs, waste collection data and costs, 
and energy costs for Wetalla wastewater treatment plant. Waste volumes were 
extrapolated from 2023-2042 for an expected 20-year technology lifespan starting 
with a renewed collection contract in 2023. This extrapolation accounted for an 
increase in population for the region consistent with the region average. 

c. Kerbside collection system costs were modelled over this period for several iterations 
of bin systems (i.e., co-mingled vs separate collections for both food organics and 
garden organics) and collection frequencies (i.e., weekly collection vs fortnightly 
collection of various bins). 

d. The economics of composting, anaerobic digestion, and gasification were assessed as 
individual processing options and coupled with other processing options for an 
integrated approach (e.g., coupling landfilling with composting and anaerobic 
digestion). Additionally, each solution was assessed as council owned and operated, 
or outsourced to contractors. 

e. Each collection system was combined with each processing solution to provide a 20-
year cost outcome for TRC, and the best performing solutions were recommended to 
TRC. 

4. Review of required infrastructure and matching feedstock with correct technology. 
a. Feedstocks were matched with technologies based on their characteristics. For 

municipal organics, these technologies included landfilling, composting, anaerobic 
digestion and gasification. For agricultural residues, the technologies included 
anaerobic digestion, cellulosic ethanol, and gasification. 

5. Preliminary identification of value chain participants that could supply feedstock for a 
bioenergy facility and identification of markets for solid and liquid biofertiliser. 

a. The industry survey (Appendix Figure 1) was designed to satisfy this objective. 
b. Several potential businesses were identified and contacted. pb Agrifood, NH Foods 

Oakey Beef Exports, and Barden Farms engaged in the activity.  

https://surveys.usq.edu.au/index.php/613828?lang=en
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6. Application of learnings to identify up to three (3) candidate business owners and undertake 
a pre-feasibility study of one (1) business opportunity to inform future detailed investigations 
and investment 

a. A pre-feasibility assessment was conducted for pb Agrifood’s waste gradings, NH 
Foods Oakey Beef Exports waste residues, and Barden Farms waste vegetables. A 
survey was administered to collect waste type and quantity data, and desirable value-
adding pathways. Residue quantities were combined with literature or online 
database compositional data to assess wastes for technology compatibility. 
Technology pathways included anaerobic digestion, animal feed, bioactive extraction, 
cellulosic ethanol, composting, gasification and insect protein. Product yields and 
values were estimated for compatible technologies and compared with available 
CAPEX and OPEX estimations to determine a simple value proposition. Detailed cost-
benefit analyses were not possible with the available data and was out of scope. 

 
3 Results and Discussion 
For the purpose of this report, agricultural residues have been divided into crop residues and intensive 
livestock residues. 

1) Identify key stakeholders and extract key information regarding type of enterprise, volumes 
and type of waste, and costs of energy and waste management. 

2) Carry out a waste stream mapping of organic waste produced by intensive livestock industries 
and related food processing sectors in the Toowoomba region. 

3) Plan and implement a strategy to increase capture and beneficial processing of municipal 
organics. 

4) Review of required infrastructure and matching feedstock with correct technology. 
5) Preliminary identification of value chain participants that could supply feedstock for a 

bioenergy facility and identification of markets for solid and liquid biofertiliser. 
6) Application of learnings to identify up to three (3) candidate business owners and undertake 

a feasibility study of one (1) business opportunity to inform future detailed investigations and 
investment. 

3.1 Organic waste stream mapping 
This section addresses activities 2 & 4: 2) waste stream mapping of broad-acre and horticultural waste 
residues in the Darling Downs – Maranoa Regions, and; 4) review of required infrastructure and 
matching feedstock with correct technology. 

For the purpose of this report, cropping has been divided into three categories: 1) cereal crops; 2) 
non-cereal crops including pulses, legumes and oilseed; and 3) horticulture. In the 2019/20 period, 
2,564 businesses generated an estimated 795,739 t of residue (Figure 5). Due to the requirement for 
a 2 t·ha-1 sustainability factor in the Northern Grains Region (Queensland Government 2017), which 
includes the Toowoomba LGA and Darling Downs - Maranoa region, the residues generated from 
cereal crops are largely unavailable. Consequently, the available tonnage of crop residues was 
estimated at 166,525 t. Each subcategory is explored in greater depth in subsequent sections. Residue 
availability peaks from October-January, but ensiling and dry storage may allow year-round use.  
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Figure 5: Overview of crop residues from the Darling Downs Maranoa regions, 2019/20. 

Image analysis of the Darling Downs – Maranoa enabled coarse estimation of residue production in 
the Toowoomba LGA (Figure 6). Approximately 38% of cropping and 75% of horticulture occurred 
within the Toowoomba LGA boundary. Consequently, an estimated 34,319 t of horticultural residues, 
and 59,686 tonnes of non-cereal cropping residues may be available for value-adding in the 
Toowoomba LGA. Importantly, it was not possible to distinguish between crop types using image 
analysis of the map displayed in Figure 6. 

  

Figure 6: Agricultural map of the Darling Downs - Maranoa SA4 region with Toowoomba LGA overlay, altered from 
Farmbuy real estate (2023), and relative residue masses in the Toowoomba LGA. 
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 Cereal crops 
In the 2019/20 period, 1836 businesses across the Darling Downs - Maranoa regions were engaged in 
broad acre cereal cropping (Figure 7). Wheat, barley and sorghum were the three largest sectors 
accounting for a combined 73% of the regions cereal crop industry. 

 
Figure 7: Breakdown of cereal crop businesses in the Darling Downs - Maranoa regions. 

Cereal crops account for 80% of the combined crop residues and farm-stage loss generated in the 
Toowoomba LGA and Darling Downs - Maranoa region. However, due to the innate infertility of soils 
in the northern grains region (Figure 8), the Queensland Government (2017) indicates that a 2 t·ha-1 
sustainability factor should be applied to crops grown in this area. In the instance of wheat, barley and 
oats, the sustainability factor outweighs the amount of dry mass stubble available post-harvest (Figure 
9). Meanwhile, for sorghum, maize and all other cereal crops, there is an excess of residue available 
that may be applied to other crops to help maintain sustainability. The total sustainability demand 
equates to 986,958 t. Approximately 124,087 t of residue is non-harvestable, while an additional 
565,287 t is harvestable, leaving a final sustainability demand of an additional 297,583 t that must be 
applied to these soils. Farm-stage loss from cereal crops is estimated at 77,045 t and could mitigate 
this demand, but could also be repurposed for higher value. 

Crop residues have several current uses in Australia. Straws are commonly used as bedding (Tait, 
Harris & McCabe 2021), as forage for livestock (RIRDC 2009), and are ploughed in to return nutrient 
and organic matter to the soil (Queensland Government 2017). Historically, stubble would be burnt 
to enable greater ease of tilling for the next season. However, it is relatively uncommon for stubble to 
be burnt in Australia as advances in seeding machinery have allowed for stubble retention (Flower, 
Dang & Ward 2019). 
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Figure 8: Grain regions of Australia, modified from GRDC (2021). 

 
Figure 9: Residue mass from cereal crops in the Darling Downs - Maranoa regions. 
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 Non-cereal crops 
In the 2019/20 period, 448 businesses in the Darling Downs - Maranoa were growing non-cereal crops 
(Figure 10). Growers of chickpeas and other pulses and legumes accounted for a combined 89% of 
these businesses. 

 
Figure 10: Breakdown of non-cereal crop businesses in the Darling Downs - Maranoa regions. 

Non-cereal crop residue generation in the Darling Downs - Maranoa is estimated at 142,773 t of 
harvestable stubble and trash material, while farm-stage product loss is estimated at 12,701 t for a 
combined 155,474 t of residue produced in 2019/20 (Figure 11). Farm-stage losses of cotton were not 
identified. Current uses for non-cereal residues include sale as forage, and ploughing in to return 
nutrients to the soil. 

 
Figure 11: Residue tonnage from non-cereal crops in the Darling Downs - Maranoa regions. 

 Horticulture 
In the 2019/20 period, 25 horticultural products were grown across the Darling Downs - Maranoa 
(Figure 12). As it is common for horticulturalists to grow more than a single product, the number of 
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businesses growing in the region is not estimated. However, it is evident that some products are less 
popular among the region’s farmers, and these include beans, capsicums, carrots, strawberries, sweet 
corn, cherries, macadamias, mangoes, mushrooms and olives. 

 
Figure 12: Breakdown of horticultural products grown by businesses in the Darling Downs - Maranoa regions. 

Horticultural waste residue is estimated at 12,874 t in the 2019/20 period. All of this residue is farm-
based food loss that could be used or repurposed for higher value (Figure 13). Crop residues in 
horticulture are commonly ploughed into the soil and landfilled, and used as animal feed (Juliano et 
al. 2019). 

 
Figure 13: Residue tonnage from horticulture in the Darling Downs - Maranoa regions. 

 Seasonal availability & storage 
Crop residues are more readily available during the warmer months when harvest peaks (Figure 14). 
This is not necessarily problematic. The storage of crop residues can be achieved through a number of 
ways, though storage as straw and ensiling may be the simplest. As a dry straw product, the available 
lifespan of the residues for thermal conversion can be effectively extended. Meanwhile, ensiling is a 
wet process which can be allowed to occur naturally, or stimulated through the addition of bacteria 
which generate lactic acid and thereby preserve crop residues for biogas or ethanol production 
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(Kitamoto et al. 2011; Janke et al. 2019). The accumulation of lactic acid reduces the pH of the silage 
to a point where microbial life is unsustainable and microbial degradation of residues ceases (Janke et 
al. 2019). Additionally, the lactic acid acts over time to degrade some of the lignocellulosic plant 
material which is difficult for the microbes in anaerobic digestion systems to degrade, resulting in a 
greater biogas yield when digested (Wang 2010; Janke et al. 2019). 

 
Figure 14: Seasonal availability of crop residues in the Darling Downs - Maranoa regions inclusive of residues destined for 

sustainability. 

 Energy recovery potential 
Unharvested or rejected product and materials including stalk, trash and other miscellaneous 
materials can be processed for the recovery of heat, biogas, electricity or ethanol (Figure 15, Figure 
16). The energy or energy carrier of choice will depend on the demand and practicality of the context 
(i.e., a farm compared with a centralised facility). Figures 17 & 18 indicate the amount of recoverable 
energy and electricity from residues harvestable in the Toowoomba LGA respectively. 

 
Figure 15: Comparative heat energy recovery potential from crop residues in the Darling Downs - Maranoa regions 



27 
 

 
Figure 16: Comparative electricity recovery potential from crop residues in the Darling Downs - Maranoa regions. 

 
Figure 17: Comparative heat energy recovery potential from crop residues in the Toowoomba LGA. 

 

Figure 18: Comparative electricity recovery potential from crop residues in the Toowoomba LGA. 

Cereal crops & non-cereal crops residues 
Cereal and non-cereal crop residues can be divided into lost product, stalks, and leaves. The key 
parameters for these crops include the moisture content, lignocellulosic content, and non-
lignocellulosic carbohydrate content. These parameters will largely dictate the suitability of energy 
recovery technologies. 
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As these crops are typically dry upon harvest, with high lignocellulosic content, anaerobic digestion is 
relatively impractical, though dilution to 40% solids combined with dry digestion technology may be 
suitable. Additionally, lignin prevents enzymatic attack by the microbial consortium that facilitates 
anaerobic digestion, rendering the carbohydrate components of plant cell walls inaccessible. 
Consequently, highly lignocellulosic material is not typically suited for anaerobic digestion, though 
appropriate pre-treatment may improve this outlook. If crops are harvested as forage, subsequent 
anaerobic digestion can generate large quantities of biogas. Furthermore, forage can be ensiled to 
both reduce the impact of seasonality, and improve biogas yield (Wang 2010). In addition to producing 
biogas, this would liberate nutrients to act as fertilisers and return organic matter to the soil in the 
form of digestate. 

Cellulosic ethanol production appears suitable for transforming crop residues into fuel ethanol (Li et 
al. 2012). The pre-treatment and hydrolysis processes of cellulosic ethanol enable the liberation of 
large quantities of carbohydrate for ethanol production. Regardless, information regarding the 
production of ethanol from straws and leaves is limited. Lost product (i.e., grains, peas, oilseed, etc.) 
can also be used to produce large quantities of ethanol (Solomon, Barnes & Halvorsen 2007). While 
this is greater in the grains, ranging from 375 to 390 L·t-1, ethanol can also be produced from cotton 
gin (Fockink, Maceno & Ramos 2015), chickpea, and oilseed rape (Arvaniti 2010). 

Gasification is the simplest option for crop residue management. This is primarily due to the feedstock 
having the ideal characteristics with no further need for pre-treatment or addition/removal of water. 
Additionally, a biochar yield of around 35% of input dry mass is anticipated from crop residues 
(Panwar, Pawar & Salvi 2019), and this biochar may act as a slow-release fertiliser while locking up 
carbon in the soil and promoting microbial activity (Wang et al. 2022). 

Horticulture 
Horticultural residues include unharvested and unsaleable product suitable for anaerobic digestion 
and ethanol production. These products are high in moisture and low in lignocellulosic content and 
consequently are ideal for biogas. Pulped fruit and vegetable waste are readily degradable in 
anaerobic digestion and are expected to yield around 353 m3CH4·t-1 of volatile solids or 76 m3CH4·t-1 
of fresh matter, consistent with literature expectations (Ji et al. 2017) Ethanol production from 
horticultural waste is also possible. Although ethanol yields are comparable to crop residues on a dry 
tonne basis, the need for pre-treatment is reduced due to the relatively low lignin content. By contrast, 
gasification is unsuitable for horticultural residues. The heating values for the fruits and vegetables 
included in this report are typically low (Range: 0.98-33.11 GJ·t-1, Average: 3.71 GJ·t-1 as received; 
calculated from nutritional data from Food Standards Australia New Zealand (2021) and U.S. 
Department of Agriculture (2021). Consequently, gasification of most horticulture product will require 
significant drying at great expense. 

3.2 Stakeholder engagement 

Stakeholders were engaged through two primary methods – surveys and direct contact. The 
stakeholder engagement survey (Appendix Figure 1) was developed to efficiently collect data from 
industry to estimate waste generation across the Toowoomba LGA (Table 2). Mode of delivery was 
online, and participants were invited to access the survey through a paper letter mailout with a URL 
included. While it is unclear how many businesses were posted a link to the survey, only six engaged 
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with the survey, and only five completed the survey. Average completion time was 7.85 minutes. 
Concern that the survey was too long prompted the development of a shorter survey (Appendix Figure 
2) which received no completions. Examples of these surveys can be found in Appendix Figure 1. 
Toowoomba Regional Council, pb Agrifood, NH Foods Oakey Beef Exports, and Barden Farms were 
contacted directly to generate a business case, and 3 high-level pre-feasibility assessments 
respectively. These activities involved face-to-face meetings, phone calls, and sharing of information 
through requests for information and/or completion of the online survey. 

Table 2: Information requested through stakeholder engagement survey. 
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Production capacity X X X X X X X X X X 
Animal feeding or housing X X X  X      

Collection frequency X X     X X   

Collection method X X X        

Waste management X X X   X X X X X 
Waste end-use X  X X X X X X X X 

Waste Mass X X X X X X X X X X 
Seasonal variation  X     X X   

Product loss       X X X X 
Current value-adding X X X X X X X X X X 

Developing a value-adding project X X X X X X X X X X 
Interested in value-adding X X X X X X X X X X 

Method of value adding X X X X X X X X X X 
Interest in co-processing wastes X X X X X X X X X X 

Contacting UniSQ X X X X X X X X X X 

3.3 Business opportunities 

 Toowoomba Regional Council: Diverting organics from landfill 

Identify key stakeholders and extract key information regarding type of enterprise, volumes and 
type of waste, and costs of energy and waste management 
In response to National and State Government direction on minimising organic waste in landfills 
(Commonwealth of Australia 2017), the Toowoomba Regional Council is exploring cost-effective 
options to collect and process organic residues from kerbside collection. Currently only green waste 
is segregated to produce compost and no source separation of food waste exists. While TRC have 
recently commissioned a landfill gas (LFG) capture project this does not preclude TRC’s progressive 
objective to investigate processes which can convert co-mingled food organics and garden organics 
(FOGO) to a useful product. Consequently, TRC were interested in developing a business case for 
organics diversion from landfill. 
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This research, initiated by TRC, aimed to undertake a business case to assist TRC to plan and implement 
a strategy to increase capture and beneficial processing of municipal organics which will lead to an 
investment decision for processing organic wastes to higher value products such as energy and 
fertilizer. Specifically, this study sets out to: 

a) Investigate and quantify feedstock options; 
b) Investigate food waste integration into the green waste stream;  
c) Assess potential processing options;  
d) Investigate siting criteria and potential siting for identified options;  
e) Assess infrastructure requirements and capital and operating costs for identified options; 
f) Identify potential outputs, markets and revenues available for various options;  
g) Analyse the economic sensitivity of disposal costs on options viability; 
h) Outline the next steps available to Council in pursuing identified options. 

The final report represented an organics business case which provides an overall assessment on 
commercial viability of identified options. Four alternate collection scenarios were developed based 
on a number of variables including addition of new bins, the decision to co-mingle or source-separate, 
changing collection cycles, and the number of households serviced per bin per week. Importantly, 
these scenarios are not intended to immediately replace current methods, but instead to be the goal 
of a transitional approach. 

Current kerbside collection system and organic processing 
The first scenario is based on the current kerbside collection system which includes a general waste 
bin and a green waste bin. The general bin, which is made up of 53% organics is landfilled, incurring 
the landfill levy and generating fugitive methane emissions. Figure 19 shows the tonnage of organics 
landfilled and resulting methane emissions as well as the tonnage of green waste that is currently 
composted over the 2023-2042 time period. 

 
Figure 19: Cumulative kerbside collection of organic waste projected from 2023-2042 using the current processing method. 

CO2-e indicates carbon dioxide equivalent emissions. 

Planning and implementation of a strategy to increase capture and beneficial processing of 
municipal organics 
This section investigates the costing of collection systems and organics processing pathways. The 
combination of collection and processing is presented as a series of costed outcomes that identify 
direct waste minimisation and emissions reduction, value-added product yields, and cost-benefit 
analysis over a 20-year period. 
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Alternate collection systems and processing options 
The four alternate scenarios consisted of several three-bin and four-bin collection systems. Table 3 
compares the four alternate collection scenarios with the current collection. Three-bin systems 
included the collection of general waste, recycling, and food and garden organics in a combined, 
comingled collection. Conversely, four-bin systems involved the source-separation of food organics 
from garden organics, with collection occurring in separate bins. Three-bin collection systems were 
more cost-effective than four-bin systems. 

Table 3: Collection scenarios for source-separation of household organics wastes based on TRC private 2019 data. 

Bin Freq.b 
Scenario 

Current 1 2 3a 4 
Services·week-1 

General W 65,000  65,000   
General F/N  32,500  32,500 32,500 
Recycle  F/N 32,500 32,500 32,500 32,500 32,500 
FOGO W  65,000 65,000   

GO W      
GO  F/N 15,000   16,250 32,500 
FO W    65,000 65,000 

Services (2019) 5,866,071 6,778,571 8,473,214 7,625,893 8,473,214 
a Green bin uptake reduced to 50%; b Frequencies are weekly (W) and fortnightly (F/N); NB: TRC desires to collect 

putrescible waste weekly, consequently no option exists for fortnightly collection of food organics. 

Investigated organics processing technologies included anaerobic digestion, composting and 
gasification. Both outsourcing and internal processing were investigated. Gasification was deemed 
unsuitable for organics containing large amounts of water and was excluded from this report. 
Anaerobic digestion and composting were found to be cost-effective if conducted internally when 
compared with the current collection and processing scenario. Figure 20 summarises the likely feasible 
options showing collection frequency, processing technology and outputs of value-add product. All 
assumptions, formulas and calculations were provided in a confidential report to TRC. 

 
Figure 20: Alternative collection and procession options available to Toowoomba Regional Council, projected from 2023-

2042. 
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Review of required infrastructure and matching feedstock with correct technology.  
Kerbside organic waste collection scenarios were combined with organic waste processing scenarios 
to derive 16 cost outcomes (Table 4). A total of 16 new scenarios were investigated and compared 
with the current collection and processing scenario (Outcome ‘C’) over a 20-year period (Table 4). Six 
outcomes (Outcomes C, 4, 11, 12, 14, 15 & 16) were equivalent to, or more costly than the current 
scenario. Eight outcomes (Outcomes 1, 5, 6, 7 ,8 ,9, 10 & 13) were more cost effective than the current 
scenario, but more costly than the cost of waste management prior to the waste levy. Finally, two 
outcomes (Outcomes 2 & 3) were more cost effective than the cost of waste management prior to the 
introduction of the Queensland waste levy, and represent the best-case scenarios. 

Table 4: Cost outcomes from matching collection systems with organic processing technologies in various scenarios. 

Process & Frequency 
Outcome 

C 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

General Waste  
W                  

F/N                  

Recycling F/N                  

Green Organics 
W                  

F/N                  

Green Organics 50% F/N                  

Food organics W                  

FOGO W                  

Landfill general                  

Landfill GO (50%)                  

Composting GO (3P)                  

Composting (50% GO, 3P)                  

Composting FOGO (3P)                  

Composting GO (TRC)                  

Composting GO (50%, TRC)                  

Composting FOGO (TRC)                  

AD FO (3P)                  

AD FOGO (3P)                  

AD FO (TRC)                  

AD FOGO (TRC)                  

Red represents equivalent or worse outcomes; Orange represents an improvement on the current system; Light green 
represents best-case scenarios. Note that some organics (i.e., textiles, rubber, treated & untreated timber, and leather) will 
still be landfilled. C = Current. 3P refers to a 3rd party processor. TRC refers to Toowoomba Regional council as the processor. 

The private report provided to TRC highlighted several key points, including: 

1. Future markets for high-value-add products including biomethane are expected to become 
more viable in Australia over the next 5-10 years, and this represents significant potential to 
value-add to anaerobic digestion processes. 

2. While gasification was generally not recommended, a small unit may be required to further 
treat contaminated and oversize material from both the composting and anaerobic digestion 
processes to eliminate microplastics and persistent organic pollutants. 

3. Education is critical to the success of source-separation of waste. Social research regarding 
the implementation of organics collection and associated surveys and education material 
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should be reviewed to identify the most successful implementation strategies and educational 
material. 

4. Compositional audits on green bins are recommended which take into account seasonal 
variation to help determine the requirement for post-processing of organics, particularly 
woody waste and the practicality of using anaerobic digestion to treat co-mingled FOGO.  

5. To avoid potential roadblocks to organics processing while maintaining staff and public safety, 
a review of legislative frameworks regarding composting and anaerobic digestion facilities is 
recommended. 

 Value-adding to milling waste: pb Agrifood pre-feasibility study: 
pb Agrifood is a milling business operated in Toowoomba, Queensland, Australia, processing mung 
bean, soy bean, chickpea and linseed. The site generates 3,575 t·annum-1 of waste products including 
gradings and millrun (Table 5). While these gradings are not separated into their individual 
contributing components, these components include edible chips/splits, weed seeds, pod material, 
dirt and millrun (Table 5). While there is potential to separate dirt from these gradings, this would 
require additional silo construction on-site. While the vast majority of gradings is non-contaminated 
chickpea millrun, approximately 10% of gradings are contaminated with weed seeds. Consequently, 
weed seeds represent 36% of the remaining gradings, and these gradings are unsuitable for use as 
stockfeed. Currently, soybean gradings, an edible food waste, are sent for gasification, while all other 
non-contaminated gradings are sold as stockfeed. The value of stockfeed varies with the weather, 
whereby pasture growth has the greatest impact. During periods of good pasture growth, the reduced 
demand for stockfeed can reduce the value of the product. On the other hand, the demand and value 
for stockfeed increases during periods of poor pasture growth. This market volatility can result in 
stockfeed values varying by 500% and significant storage expenses. pb Agrifood spends up to 50% of 
staff time managing waste gradings and are interested in finding alternative processing options to 
both value-add to their waste streams and reduce time demand on waste management.  

Table 5: pb Agrifood’s waste product tonnages. 

Gradings Chips Dirt Pod 
material Millrun Weed 

seeds Total 

Mung bean 60 90 90 N/A 60 300 
Soy beana 100 150 150 N/A 100 500 
Chickpea 40 70 70 N/A 20 200 

Chickpea millrun N/A N/A N/A 2,500 N/A 2,500 
Linseed N/A 23 53 N/A N/A 75 

Total 200 333 363 2,500 180 3,575 
N/A = not applicable; a the relative proportions of gradings are unknown and based on mung bean fractions. 

This pre-feasibility study will identify potential areas for industry to value-add to milling waste 
residues. Through stakeholder engagement survey responses (Appendix 3), pb Agrifood indicated 
interest in all forms of value-adding, including: 1) waste-to-feed; 2) extraction of bioactive compounds; 
3) biogas; 4) gasification, and; 5) composting. Priority will be given to outcomes with greater emphasis 
in the food waste hierarchy (Figure 3).  

Waste-to-feed: Insect protein 
Pulse residues, including split seeds and hull (i.e., seed pod) materials, have value as animal feeds. PB 
Agrifood already engages heavily in waste-to-feed solutions to provide nutrient rich gradings as 
stockfeed when grazing demand is unmet by pasture growth. However, this weather-dependant 
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approach creates significant variation in product demand and consequently, price. This study will focus 
on emerging waste-to-feed pathways which have the capacity to include weed seeds and produce a 
value-added product. 

Insect protein in Australia is an emerging industry in which insects are farmed and converted to high-
protein feeds for either human or animal. Insects are typically high-protein, and consequently are 
highly valuable. Protein content in black soldier fly larvae (BSFL) varies from 37-63% (Barragan 
Fonseca, Dicke & van Loon 2017), and similar levels of 58% in the field cricket (Wang et al. 2004). While 
restrictions to insect protein exist in the European Union following the bovine spongiform 
encephalopathy (BSE) crisis of the 1990’s (Gasco, Biancarosa & Liland 2020), Australia has never 
experienced a case of BSE (Food Standards Australia New Zealand 2020). Consequently, insect protein 
is already farmed, produced, and consumed in Australian poultry (with exception to Queensland) and 
aquaculture industries and is expected to be a 1.4 billion AUD industry by 2023 (Ponce-Reyes & Lessard 
2021). Additionally, ongoing work under the Fight Food Waste CRC is exploring the policy and 
regulation aspects of black soldier fly farming to enable the better management of agrifood waste in 
Australia (Alagappan et al. 2022), and evaluating their safety as a product for human and animal 
consumption (Bessa et al. 2021). 

Importantly for pb Agrifood, insects can consume lignocellulosic material and toxic weed seeds. Adi et 
al. (2018) investigated the ability of black soldier fly larvae (BSFL) to reduce weed seed germination. 
Weed seed germination was eliminated by 98.9-100% through three mechanisms: 1) digestion and 
subsequent destruction; 2) phytotoxicity, and; 3) secretion of volatile seed germination inhibitors. 
Ichihara et al. (2014) observed similar weed seed destruction (92.4%) by field crickets, though seed 
destruction reduced significantly once seeds were hidden below the surface. Consequently, the weed 
seeds that were previously a drawback to pb Agrifood could be a valuable feedstock for insect farming. 
Additionally, while the soil component of pb Agrifood’s gradings do not add value as a feedstock, there 
is no apparent harm to the system by providing soil in the mix. As a result, soil does not necessarily 
need to be removed from the gradings to provide a viable feedstock for insect protein production. 
Further research is needed to determine the fate of weed seed toxins in insect protein models to 
enable the safe processing of weed seed-contaminated milling residues to insect protein. 

Insects are typically high protein, and consequently are highly valuable. Protein content in BSFL varies 
from 37-63% (Barragan Fonseca, Dicke & van Loon 2017), and similar levels of 58% in the field cricket 
(Wang et al. 2004). All Energy Pty. Ltd. (2017) reported the value of BSFL protein meal at 1,446 AUD·t-

1, and a retail value of 100,000 AUD·t-1 and 80,000 AUD·t-1 for whole live larvae, and whole dried larvae 
respectively. The All Energy Pty. Ltd. (2017) report indicated an internal rate of return of 123% at 10 
years and a payback period of 1.8 years with a very low capital expenditure and a 12 month lag to 
revenue. Therefore, starting a BSFL arm of the business may be a viable solution for pb Agrifood. 

Gradings could also be sold as feedstocks for 3rd party insect protein production. However, insects are 
commonly produced using wastes with very little value. Consequently, although selling gradings as 
feedstock for insect protein may bring more stability and simplicity to waste management, it may be 
difficult for pb Agrifood to sell feedstock to insect protein producers at a rate competitive with the 
current value for these gradings as stockfeed.  
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Bioactive extraction 
Bioactive compounds have biological activity, generate a response in living tissues, and have beneficial 
health effects (Serna-Loaiza et al. 2019). These compounds can be extracted and concentrated for use 
in food, pharmaceutical, and cosmetic applications (Serna-Loaiza et al. 2019). As such, residues 
containing concentrated bioactive compounds are good feedstocks for bioactive extraction. 

pb Agrifood currently produces gradings that are a mix of various products including potentially 
noxious weed seeds (Table 5). However, Stéphane et al. (2021) indicate that in the process of 
extracting plant material it is critical to reduce interference from components that can be co-extracted 
with compounds of interest. Consequently, the presence of contamination in the feedstock represents 
a risk for bioactive extraction, and further separation of the individual components is necessary. 
However, if this separation were conducted, pb Agrifood would reduce down-stream processing costs 
and difficulties, and could expect to have a feedstock rich in the following compounds (Table 6): 

Table 6: A list of commonly available bioactive compounds potentially available from pb Agrifood’s gradings. 
Product Bioactive compounds (no.) Reference 

Mungbean 
Flavanoids (39) Ganesan and Xu (2018) 

Other polyphenols (4) 
Phenolic acids (14) 

Orak et al. (2018) 
Orak et al. (2018) 

Soybean 

Flavanoids (12) 
Saponins (20) 

Phytosterols (unknown) 
Peptides (6 groups) 

Isanga and Zhang (2008) 
Isanga and Zhang (2008) 
Isanga and Zhang (2008) 
Isanga and Zhang (2008) 

Chickpea 
Isoflavones (12) de Camargo et al. (2019) 

Saponins (4) 
Phenolics (96) 

Mekky et al. (2015) 
Mekky et al. (2015) 

Linseed Phenolics (18) Zuk et al. (2015) 

There are several key barriers to the bioactive compound market. While agricultural residues are 
promising sources of bioactive compounds, drying and green extraction techniques currently require 
further investigation (Ben-Othman, Jõudu & Bhat 2020). Additionally, the majority of the work on 
bioactive compounds remains in the laboratory, and for established compounds, accessing 
pharmaceutical companies with a contaminated feedstock may be difficult. To compound this, the 
additional separation required to purify gradings would require extra on-site storage and this is 
undesirable for pb Agrifood. 

Key Points: 

• Grading value as animal feed depends on seasonal variation and pasture growth. 
Alternative pathways may provide more stable markets. 

• Exporting waste may bring stability, but reduced value. Producing BSFL as part of 
business may be lucrative. 

• Insects can safely consume and convert weed seeds to protein. 
• Onsite production of insect protein appears economically viable. 
• Further research needed to determine fates of weed seed toxins in insect protein 

models. 
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While purified bioactive product is highly valuable and preferential on the waste hierarchy, the value 
of raw feedstock is low. Priyadarshini, Tiwari and Rajauria (2022) and Martinez-Fernandez, Gu and 
Chen (2021) indicate values at 27 Euro·t-1 and 30 USD·t-1 respectively. The opportunity for pb Agrifood 
exists for soybean gradings which currently cost of $600·t-1 for disposal, and although the value as 
feedstock for bioactive extraction is low, this pathway may be suitable. 

 

Biological processing: Anaerobic digestion for biogas & Biofertiliser 
Microbial degradation of organic materials in an oxygen-free environment (i.e., anaerobic digestion) 
yields biogas and a by-product, digestate, which can be used as a fertiliser. Biogas is a mix of 50-80% 
methane (i.e., natural gas) and 20-50% carbon dioxide which can be combusted to offset fossil fuel 
consumption behind the meter, or upgraded to biomethane (i.e., renewable natural gas; energy 
content 50-55 MJ·kg-1 (Australian Government 2019)) and injected into the existing national gas grid. 
The biofertiliser is the material that remains post-digestion and includes microbial biomass, residual 
organics, and residual inorganics including nitrogen, phosphorus and potassium. Digestate can be 
directly applied to land as a fertiliser, or can be dried and granulated to form a saleable product. 

Generally, the amount of methane that an agricultural feedstock can produce depends on the mass 
proportions of organics present in the sample. The theoretical maxima for carbohydrates, proteins 
and fat are 375, 480, and 1,014 m3CH4·t-1 of volatile solids (VS) respectively (Verein Deutscher 
Ingenieure 2006). In this respect, the pb Agrifood’s materials appear to have a good biogas potential, 
however, there is little literature data exploring the biogas potential of individual grading components. 
Additionally, lignin acts to bind cellulosic components together and this inhibits anaerobic degradation 
of lignocellulosic feedstocks.  Due to the lack of investigations into the digestion of these feedstocks, 
validation of the estimated biogas yield is not currently possible, and the impact of the lignin content 
in these crops is poorly understood. 

Two final considerations may be pivotal in the suitability of pb Agrifood’s process gradings for 
anaerobic digestion: contamination, and mono-digestion (use of a single waste stream). The soil 
portion of the gradings is significant and holds no value to the biogas process. Separation of the soil 
prior to digestion would result in a smaller anaerobic digester and reduced need for water addition. 
Mono-digestion involves a risk of losing microbial diversity, having inappropriate carbon-to-nitrogen 
ratios, and insufficient trace element profiles. To balance these risks, pb Agrifood would need to 
source complimentary waste streams such as manures or nitrogen-rich processing waste from co-
located processes, and this is contrary to the desires of pb Agrifood.  

 

Key Points: 

• Value of feedstock is low.  
• Contamination reduces value of pb Agrifood’s gradings due to need for separation. 
• Bioactive extraction is not readily available for pb Agrifood’s gradings. 

Key Points: 

• Biogas data on these feedstocks is not comprehensive if available. 
• High soil content inflates CAPEX and OPEX, potential for process issues. Anaerobic 

digestion not suitable without additional feedstock preparation. 



37 
 

Gasification: Energy and biochar 
Gasification involves the thermal degradation of organic material in the absence of oxygen(Brown 
2021). Dry material (<30% moisture (Kirsanovs et al. 2014)) are heated and partially combusted in a 
hearth to produce biochar and gaseous organic components (Luo et al. 2019). This partial combustion 
provides an autothermal process whereby input of additional fossil fuel is unnecessary to maintain 
operation (Brown 2021). Liberated gaseous components travel to a thermal oxidiser which operates 
at around 800-900 °C to generate thermal energy (Luo et al. 2019). Meanwhile, biochar is quenched 
and recoverable as a fertiliser (Marmiroli et al. 2018). Energy can be utilised for recovery of heat or 
electricity (Luo et al. 2019). 

Feedstock heating value, water and ash content are critical to facilitating a gasification process (Arena 
2012). Sufficient heat is required to maintain the autothermal process. In a typical operation 
processing woody waste, around 35% of the liberated energy in the hearth is consumed by the biochar 
and is lost from the system, with only 65% of the energy remaining in the liberated gaseous 
component (Pers. Comm. James Joyce, Pyrocal, 2021). Increasing the ash content detracts both from 
the heating value to maintain the autothermal process, and the usable energy yield. Similar results 
occur from increasing water content. Consequently, feedstocks with >25% ash and >25% water 
content are typically unsuitable for gasification (Pyrocal 2020a). While the ash content of pb Agrifood’s 
gradings is high in the absence of chickpea millrun, the low moisture content appears to preserve the 
suitability of these gradings as a feedstock for gasification. 

pb Agrifood’s gradings consist of chips, pod material, weed seeds and dirt. There is little literature 
which focuses on the legume waste residues; however, the existing literature is focused on linseed 
seeds, soybean hulls, chickpea husks and mung bean husks. All of these materials have below 25% ash 
content and below 25% moisture content (Feedipedia 2021), with higher heating values (HHV) of 
17.19-28.05 MJ·kg-1 and are consequently suitable for gasification (Feedipedia 2021). Dirt, however, 
does not provide any benefit to the gasification process, and instead increases ash content which 
sequesters energy from the process. Factoring in the dirt content, while the respective moisture 
contents for pb Agrifood’s gradings vary insignificantly, the ash content is increased significantly (Table 
7). Consequently, while linseed becomes unsuitable for gasification, the remaining gradings remain 
suitable. The combination of various gradings improves the potential for gasification, especially if 
millrun is added to the other gradings. In this case, the ash and moisture content remain low while 
the HHV remains high. However, this may not be competitive against already existing uses. 

Table 7: Moisture, ash, and energy content of pb Agrifood’s gradings. 

Gradings Moisture (%) Ash (% DM) HHV as received 
-soil +soil -soil +soil -soil +soil 

Mung bean 9.7% 9.8% 4.2% 28.6% 16.32 11.42 
Soy Bean 9.1% 9.4% 5.2% 29.3% 17.73 12.41 
Linseed 8.7% 9.3% 12.1% 48.8% 16.25 8.13 

Chickpea 12.0 11.3% 4.5% 32.9% 16.76 10.89 
Chickpea 
millrun 12.7%  5.4  16.5  

Chickpea 
(+millrun) 12.7% 12.6% 5.4% 7.4% 16.51 16.08 

Gasification of soy bean gradings may be the most financially competitive. Currently, soy bean 
gradings are transported offsite for combustion at a cost of 600 AUD·t-1, costing pb Agrifood 300,000 
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AUD·annum-1. On-site gasification of soy bean gradings would reduce this to the cost of labour with 
supporting diesel for start-up, water for quenching, and electricity for operation of unit electronics. 
Alone, the gasifier has the potential to recover 3,228 GJ of heat. Alternatively, if coupled with a heat 
engine, organic Rankine system, or similar system, pb Agrifood has the potential to recover around 
173 MWh of electricity or 31% of pb Agrifood’s estimated electricity consumption. The biochar 
produced from the process has additional value as a fertiliser, though it is difficult to put a number to 
this value. 

 

Biological processing: Composting 
Composting is the process by which micro-organisms degrade organics in the presence of oxygen. 
While backyard composting is commonplace, a commercial composting program is more rigorously 
controlled. Compost piles must be correctly constructed from materials which promote an 
appropriate carbon to nitrogen ratio, while and process temperature, moisture and oxygen must be 
closely controlled. Additionally, each batch of compost must meet the requirements outlined in 
Australian Standard 4454. 

pb Agrifood’s gradings contain significant proportions of soil, and weed seeds that must be 
neutralised. Soil is typically a minor component in composting and research exploring the impact of 
high inorganic content on the composting process was not found in the literature. Assuming uniform 
distribution of soil within pb Agrifood’s gradings, it is unlikely that the high inorganic content resulting 
from soil would prevent the completion of the composting process. Regarding weed seeds, 
temperatures within the pile can reach 50-80°C and remain in this temperature range for over 2 
weeks. While these high temperatures inactivate weed seeds, it is possible for a poorly maintained 
composting process to suffer weed seed germination events. 

Composting is typically performed at-cost to the feedstock supplier as a waste service. The gate fee 
for green waste is typically around 40 AUD·t-1. Consequently, it is unsuitable for pb Agrifood’s gradings 
which are currently being sold for profit. Accordingly, this represents an improvement for soybean 
gradings which are currently being disposed of at a cost of 600 AUD·t-1. Additionally, there are several 
composting services located nearby to pb Agrifood that may readily take on this material. 

Key Points: 

• While soil contamination is an issue if implementing gasification as a transformation 
technology, low moisture preserves the potential of pb Agrifood’s gradings as 
gasification feedstock. 

• Heating value of pb Agrifood’s gradings is sufficient, even with high soil content. 
• Addition of chickpea millrun enhances overall grading composition, but may not be 

competitive with current use. 
• Soybean is currently disposed of at cost. Use in gasifier improves value-add 

opportunities as disposal cost is largely negated. 
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 Value-adding to abattoir waste: NH Foods Oakey Beef Exports pre-feasibility study 
NH Foods Oakey Beef Exports (OBEX) is a red meat processing (RMP) business operated in Oakey, 
Queensland, Australia, capable of processing 160,300 head of cattle per annum. Processing these 
cattle generates large quantities of liquid and solid waste streams. Liquid waste is currently managed 
through an onsite biogas plant (McCabe et al. 2020), while solid waste streams consisting of paunch 
and recovered fats are composted and applied to adjacent land, and rendered for tallow respectively. 
The major concerns for OBEX include the cost of coal and grid electricity, odour generation and tighter 
composting regulations, which may affect their current composting procedure. Areas of interest for 
OBEX in the stakeholder engagement (Appendix 4) survey and follow-up consultation included the 
investigation of gasification as a form of waste minimisation and energy recovery, in-vessel 
composting as a form of odour reduction and waste-to-feed as a means of generating a value-add 
product. 

Waste products 
The site generates 10,660 t·annum-1 of solid waste products including paunch and fat materials (Table 
8). Around 6,000 tonnes of dissolved air flotation (DAF) float are generated per annum which are sent 
for rendering to generate around 500 tonnes of low-grade tallow with a sale value of approximately 
2,500 AUD·t-1. Paunch waste amounts to around 4,660 t·annum-1 and is currently composted on-site 
at a cost of 6.1 AUD·t-1 and utilised on adjacent agricultural land. 

Table 8: Paunch and fat waste from NH Foods Oakey Beef Exports. 
Parameters Paunch Fat Total 
t·annum-1 4,660 6,000 10,660 
kg·head-1 29.1 37.4 66.5 

kg·tHSCW-1* 102.6 79.7 182.2 
*tHSCW, tonnes of hot standard carcass weight 

This pre-feasibility study will identify potential areas for OBEX to value-add to paunch and DAF float 
residues. Priority will be given to outcomes with greater preference in the food waste hierarchy (Figure 
3). These opportunities will include: 1) Waste-to-feed; 2) Gasification, and; 3) Composting. Although 
the value for low-grade tallow is currently high, OBEX are interested in exploring opportunities to 
value-add to these materials. Through survey response, OBEX have identified interest in exploring in-
vessel composting, gasification and/or pyrolysis, and waste-to-feed solutions. Table 9 lists the relevant 
characteristics required to explore these processing options the potential value-added products. 

  

Key Points: 

• Gradings suitable for composting. 
• Composting remains a cost, however, 

an improvement on the current soybean 
disposal cost. 
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Table 9: Literature characteristics of paunch and dissolved air flotation sludge.  
Paunch DAF sludge 

Parameter Avg ± Std. Dev. n Avg ± Std. Dev. n 
Moisture content (%) 79.31% ± 6.46% 12 85.6% ± 8.9% 15 

Total solids (% FM) 20.69% ± 6.46% 12 14.4% ± 8.9% 15 
Volatile solids (% FM) 19.50% ± 6.45% 11 13.4% ± 8.4% 14 

Ash (% TS) 7.40% ± 3.00% 15 9.7% ± 8.0% 14 
FOG (% TS) 11.72% ± 10.41% 4 62.3% ± 7.6% 5 

Protein (% TS) 9.82% ± 3.47% 9 10.7% ± 10.7% 7 
Carbohydrate (% TS) 59.42% ± 16.04% 7 17.2% ± 11.9% 5 
HHV (dry) (MJ·kg-1) 17.68 ± 2.98 9 30.7 ± 4.20 5 

C (mg·kg-1 TS) 469,542 ± 41,746 6 711,667 ± 31,754 3 
N (mg·kg-1 TS) 21,261 ± 20,888 11 15,036 ± 19,876 7 

C:N ratio 35 ± 27 6 127 ± 96 3 
P (mg·kg-1 TS) 2,636 ± 2,077 6 3,433 ± 5,313 5 
K (mg·kg-1 TS) 200 ± N/A 1 529 ± 742 3 
S (mg·kg-1 TS) 3,900 ± 1,015 3 5,433 ± 751 3 

Na (mg·kg-1 TS) 6,300 ± N/A 1 3,391 ± N/A 1 
Mg (mg·kg-1 TS) 1,100 ± N/A 1 862 ± N/A 1 
Ca (mg·kg-1 TS) 2,800 ± N/A 1 25,435 ± N/A 1 
Ar (mg·kg-1 TS) 0.50 ± 0.00 4 1 ± N/A 1 
Cd (mg·kg-1 TS) 0.20 ± 0.00 4 1 ± 1 2 
Cr (mg·kg-1 TS) 5.40 ± 4.28 5 6 ± 5 3 
Cu (mg·kg-1 TS) 12.27 ± 7.94 5 13 ± 8 3 
Hg (mg·kg-1 TS) 0.03 ± 0.02 4 0 ± N/A 1 
Ni (mg·kg-1 TS) 2.57 ± 2.03 5 4 ± 1 3 
Pb (mg·kg-1 TS) 0.79 ± 1.10 4 1 ± 1 2 
Se (mg·kg-1 TS) 0.89 ± 0.45 4 1 ± N/A 1 
Zn (mg·kg-1 TS) 105.95 ± 56.49 5 117 ± 35 3 

N/A – Not Applicable. Data sourced from: (GHD 2002; Luste & Luostarinen 2010; Bridle 2011a, 2011b; Palatsi et al. 2011; 
Jensen & Batstone 2012; Pitk, Kaparaju & Vilu 2012; Astals et al. 2014; Jensen et al. 2016; All Energy 2017; Forde & Barnes 
2017; Harris, Schmidt & McCabe 2017; MLA 2017; Spence 2017; Mccabe et al. 2018; Nkemka & Hao 2018; Antille et al. 
2019; Jensen & Tait 2019; Marzbali et al. 2020; Dowd, McDonnell & Tuohy 2022; Spence, Buttsworth & Carter 2022; Swain 
2022) 

Waste-to-feed: Insect protein 
Insect protein in Australia is an emerging industry in which insects are farmed and converted to either 
human or animal feeds and has been previously described in section 3.3.2. The production of black 
soldier fly larvae (BSFL) has been previously investigated by Australian Country Choice (All Energy Pty. 
Ltd. 2017). Feedstocks for production included various combinations of waste activated sludge, DAF 
sludge, red stream screenings and paunch. The combinations relevant to this investigation include 1) 
DAF sludge only, and 2) DAF sludge + Paunch. Consuming DAF sludge alone, BSFL achieved a residue 
weight reduction of 64.2%, and a live weight yield per kg wet substrate of 1.56% (i.e., 15.6 g BSFL·kg-1 
DAF sludge). However, when combined with paunch, residue weight reduction was reduced to 39.1%, 
but yield increased to 7.81%, or 78.1 g BSFL·kg-1 wet substrate. These materials were mixed in ratios 
equivalent to their production masses (i.e., paunch at 8,150 t·annum-1 and DAF sludge at 4,680 
t·annum-1) resulting in a ratio of 64% paunch, 36% DAF sludge on a wet mass basis. Furthermore, 
feedstock characteristics were also not provided, and consequently it is uncertain what the 
standardised yield could be if the variability of moisture content were accounted for, and this has two 
major implications. 1) The moisture content of the paunch was 76.7% and is largely contained within 
the cells of the plant tissue, while the water content in the DAF sludge was 93.4% and largely existing 
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outside of the tissues where evaporation can occur more readily. Consequently, the residue reduction 
seen in DAF sludge alone is likely inflated due to evaporative water loss and not reflective of organics 
consumption. 2) On a dry matter basis and a mixing ratio relative to production masses, paunch and 
DAF sludge make up approximately 86% and 14% of the mixture respectively. Consequently, on a dry 
matter basis, the respective yields become 7.09% from DAF sludge and 13.62% from combined DAF 
sludge with paunch. Due to the variable water content in waste residues across facilities, it is this value 
which should be considered for comparison. Additionally, using these yields, a simplistic estimation of 
yield from paunch as an individual feedstock is expected to be 14.68%. 

The extrapolations made using the data available in the All Energy Pty. Ltd. (2017) report, it is possible 
to make some estimations for OBEX yields. While the total solids of OBEX paunch and DAF sludge are 
uncertain, the literature averages of 20.87% and 14.41% can be applied respectively. From the 4660 
wet tonnes of paunch and 6000 wet tonnes of DAF sludge available per annum, OBEX could expect a 
yield of 680 wet tonnes, or 204 dry tonnes of black soldier fly larvae.  

The capital investment, OPEX and product value can be estimated using the All Energy Pty. Ltd. (2017) 
report and the six tenths scaling rule. Capital investment is expected to be approximately 2,361,565 
AUD, while operating expense is expected to be 712,101 AUD·annum-1. The value of BSFL recovered 
from abattoir waste has various values depending on the state in which it is being sold (Table 10). 
Whole live BSFL are of the highest value, specifically packaged and sold retail. However, live BSFL must 
have an immediately available offtake to ensure product quality. Dried whole BSFL is less valuable 
than live larvae, but significantly increases shelf life and provides the ability to store product if supply 
out-strips demand. Rendering BSFL to produce larvae meal and BSFL tallow was the lowest value 
option and was not economically viable. Frass, consisting of the larval manure, shell casings and 
remaining feedstock may be sold as a fertiliser product. 

Importantly, it is illegal in Australia to provide BSFL reared on restricted animal material (RAM) to 
ruminants (i.e., cattle, sheep, goats, deer, etc.), and those reared on swill to pigs as feed. The two 
relevant pieces of legislation include the ruminant feed ban (Animal Health Australia 2021b) and 
prohibited pig feed (Animal Health Australia 2021a). These pieces of legislation aim to reduce the risk 
of transmission of serious pathogens. These include bovine spongiform encephalitis (cattle), scrapie 
(sheep and goats), and chronic wasting disease (deer), and foot and mouth disease and African swine 
fever in pigs. RAM is any material taken from a vertebrate animal other than tallow, gelatin, milk 
products or oils, and includes rendered products including blood meal, meat meal, meat and bone 
meal, fish meal, poultry meal, eggs, feather meal, and any compounded feeds made from these 
products (Animal Health Australia 2021b). Additionally, if these materials are used to fertilise soil, 
animals must be prevented from grazing in this area for a minimum of 3 weeks (Animal Health 
Australia 2019). Swill includes any foods that contain meat or have had contact with meat and all 
products from mammals with the exception of Australian dairy products legally imported for stockfeed 
(Department of Primary Industries and Regional Development 2022). Consequently, this limits the 
market for BSFL reared on these materials to poultry and aquaculture, or in Queensland, aquaculture 
only. 
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Table 10: Potential revenue streams from BSFL from OBEX paunch and DAF sludge. 

Scenario 1: Rendered BSFL for protein meal and BSFL tallow 
Revenue stream AUD·t-1 t·annum-1 AUD·annum-1 

Larvae meal 1,446a 47 $67,250 
BSFL tallow 1,298 a 58 $75,015 

Frass 131b 3518c $459,844 
Waste management savings 6.1 10,660 $65,026 

Total   $667,134 
Scenario 2: Whole dried BSFL, 1 kg bags retail 

Revenue stream AUD·t-1 t·annum-1 AUD·annum-1 
Dried whole BSFL 80,000 a 204 $16,323,240 

Frass 131 b 3518c $459,844 
Waste management savings 6.1 10,660 $65,026 

Total   $16,848,110 
Scenario 3: Whole live BSFL, 1 kg bags retail 

Revenue stream AUD·t-1 t·annum-1 AUD·annum-1 
Whole live BSFL 100,000 a 680 $68,013,501 

Frass 131 b 3518c $459,844 
Waste management savings 6.1 10,660 $65,026 

Total   $68,538,371 
a All Energy Pty. Ltd. (2017); b Beesigamukama et al. (2022); c Basri et al. (2022) 

While the growth of BSFL on waste materials is well documented, the slaughterhouse context could 
benefit from additional research. Several aspects of BSFL production from RMP wastes are lacking in 
the literature, including: BSFL production rates from RMP substrates; frass production rates from BSFL 
substrates, and; frass fertiliser quality and performance from RMP substrates. Additionally, a market 
analysis for OBEX to produce BSFL may be prudent. 

 

Thermal processing: Gasification 
Gasification involves the thermal degradation of organic material in the absence of oxygen. Dry 
material (<25% moisture) are heated and partially combusted in a hearth to produce biochar and 
gaseous organic components. This partial combustion provides an autothermal process whereby input 
of additional fossil fuel is unnecessary to maintain operation. Liberated gaseous components travel to 
a thermal oxidiser which operates at around 900°C to generate thermal energy. Meanwhile, biochar 
is quenched and recoverable as a fertiliser. Energy can be utilised for recovery of heat or electricity. 

Feedstock heating value, water and ash content are critical to facilitating a gasification process. 
Sufficient heat is required to maintain the autothermal process. In a typical operation processing 

Key Points: 

• Black soldier fly larvae (BSFL) production has previously been explored in the RMP 
sector  

• Rendering BSFL to produce larvae meal and BSFL tallow did not appear 
economically viable 

• Production of whole live or dried larvae appears attractive economically 
• Research into production rates of BSFL and frass, market opportunities, and 

fertiliser value of frass grown on RMP substrates would be valuable. 
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woody waste, around 35% of the liberated energy in the hearth is consumed by the biochar and is lost 
from the system, with only 65% of the energy remaining in the liberated gaseous component. 
Increasing the ash content detracts both from the heating value to maintain the autothermal process, 
and the usable energy yield. Similar results occur from increasing water content. Consequently, 
feedstocks with >25% ash and >25% water content are unsuitable for gasification.  

Paunch and DAF sludge must be dried prior to utilisation in gasification systems. Moisture contents in 
Paunch and DAF sludge average at 79.14% and 85.59% respectively (Table 9). Substrates can be dried 
either passively by utilising abiotic factors, or actively through the input of energy. Passive drying has 
been demonstrated by (Bridle 2011b). Both wet paunch (1,350 kg) and wet DAF sludge (70 L) were 
spread at 100-150mm thick on a disused truck wash bay to dry in the sun, and manually mixed once 
per day. Within 5 days, DAF sludge moisture content had reduced to 18.4%. However, paunch required 
13 days to reach a moisture content of 13.3%. Doubling of the drying area to 50 m2 for paunch 
achieved a drying rate of 2.1 kg evaporated per m2 per day. Consequently, paunch could be dried to 
21.26% moisture in 7 days. To dry 4,660 tonnes of paunch and 6,000 tonnes of DAF sludge to <25% 
moisture content would require 13,323 m2. Passively drying these wastes also carries significant risk 
of odour generation, attracting vermin, and impacting nearby sensitive receptors. Actively drying 
these wastes requires a much smaller footprint and avoids the risks of generation of odours, attracting 
vermin and impacting sensitive receptors, but requires a much larger energy input. Actively drying wet 
substrates to below 25% moisture content is energetically costly, and typically does not achieve an 
energetically favourable outcome (Figure 21). However, some industries can still save money through 
reduced trucking demand. 

 
Figure 21: Energy consumption and output from drying and subsequently gasifying wet paunch and DAF sludge 

 
Gasification effectively reduces the remaining quantity of material to be managed. On a dry mass 
basis, char yield from paunch is expected to be around 18% (Bridle 2011b) and, due to the non-
lignocellulosic nature of DAF sludge, the char yield is expected to be equivalent to the ash content of  
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around 9.7%. Consequently, the total char mass remaining from paunch and DAF sludge post-
gasification is expected to be 175 and 84 t·annum-1 respectively for a total of 259 t·annum-1. 

While there are numerous uses for biochar (Schmidt 2013), the two that are most apparent for OBEX 
include use as a substitute for coal, and as a soil amendment. The biochar remaining from the 
gasification process is typically an energy dense energy source. Biochars produced from green wastes, 
woods, and greenhouse waste have a HHV (dry & ash-free) of around 31.87 ± 3.15 MJ·kg-1 (TNO 
Biomass and Circular Technologies 2021). At an ash content of 7.4%, the resulting biochar from paunch 
may be in the order of 18.8 MJ·kg-1 – similar to dry wood (16.2 MJ·kg-1), coal briquettes (22.1 MJ·kg-1) 
or sub-bituminous coal (21 MJ·kg-1) (Australian Government 2020). Meanwhile, char from combined 
paunch and DAF sludge is expected to have a HHV of around 12.69 MJ·kg-1 – similar to brown coal 
(10.2 MJ·kg-1) or other biomass (12.2 MJ·kg-1) (Australian Government 2020). According to the Federal 
Energy Management Program (2004), coal-fired boilers can be supplemented with up to 20% biomass. 
Consequently, while it is unclear how much coal OBEX is consuming annually, the remaining char mass 
of 259 t·annum-1 could be consumed in the existing coal-fired boiler infrastructure. The resulting ash 
yield is expected to be approximately 156 t·annum-1. 

If the char is to be utilised on land it must adhere to AS4454 – composts, mulches and soil conditioners. 
The standard identifies the upper limit of heavy metals for unrestricted use. Paunch alone contains 
cadmium and zinc that are above the AS4454 threshold, while DAF sludge is above the threshold in 
cadmium, selenium and zinc (Table 11). The combined char is subsequently over the threshold in 
cadmium, selenium and zinc, with 3, 8, and 790 mg·kg-1 respectively. Consequently, these materials 
may require blending with another material or may be disposed of offsite. 

Table 11: Char elemental composition 

Element 
Paunch DAF 

Avg ± SD n Avg ± SD n 

Char (% TS)   18% ± N/A 1 9.7%a ± N/A 
 

Ash (% TS) 7.4% ± 3.0% 15 9.7% ± 8.0% 14 
Ash (% Char) 41% Calculated 100% Calculated 

P (mg·kg-1 char) 14,643 ± 11,540 6 35,552 ± 55,024 5 
K (mg·kg-1 char) 1,111 ± N/A 1 5,475 ± 7,689 3 
S (mg·kg-1 char) 21,667 ± 5,638 3 56,268 ± 7,773 3 

Na (mg·kg-1 char) 35,000 ± N/A 1 35,117 ± N/A 1 
Mg (mg·kg-1 char) 6,111 ± N/A 1 8,927 ± N/A 1 
Ca (mg·kg-1 char) 15,556 ± N/A 1 263,406 ± N/A 1 
Ar (mg·kg-1 char) 3 ± N/A 4 5 ± N/A 1 
Cd (mg·kg-1 char) 1 ± N/A 4 6 ± 6 2 
Cr (mg·kg-1 char) 30 ± 24 5 67 ± 49 3 
Cu (mg·kg-1 char) 68 ± 44 5 130 ± 79 3 
Hg (mg·kg-1 char) 0.14 ± 0.10 4 0 ± N/A 1 
Ni (mg·kg-1 char) 14 ± 11 5 39 ± 7 3 
Pb (mg·kg-1 char) 4 ± 6 4 15 ± 8 2 
Se (mg·kg-1 char) 5 ± 2 4 15 ± N/A 1 
Zn (mg·kg-1 char) 589 ± 314 5 1,210 ± 359 3 
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Biological processing: Composting 
Composting is the process by which micro-organisms degrade organics in the presence of oxygen. 
While backyard composting is commonplace, a commercial composting program is more rigorously 
controlled. Compost piles must be correctly constructed from materials which promote an 
appropriate carbon to nitrogen ratio, while and process temperature, moisture and oxygen must be 
closely controlled. Additionally, each batch of compost must meet the requirements outlined in 
Australian Standard 4454.  

There are three common methods for composting, including open windrow, aerated static pile, and 
in-vessel composting (Table 12). Open windrow composting requires the construction of long compost 
piles, on a large land footprint, that require frequent turning. Turning is typically conducted on a per-
time-basis using either front-end loaders, tow-behind turners or straddle turners. The unsophisticated 
process is low cost, but slow (~16 weeks), prone to risk of odour and leachate generation, and 
attracting vermin (Hyder Consulting 2012). More sophisticated methods include aerated static pile 
(ASP) composting and in-vessel composting. Although ASP composting is still conducted in the open, 
piles are constructed atop aeration pipes that are laid beneath the pile. These pipes are connected 
with blowers that can be activated a) on a time bases, or b) interacting with oxygen probes and 
activate when oxygen concentration decreases beyond a threshold (Hyder Consulting 2012). These 
systems are typically outfitted with temperature and moisture probes, and provide information to an 
operator to manage the process. The advantage of the ASP system is an accelerated composting 
process (~10 weeks), low risk of odour generation, reduced land footprint required, relatively low 
CAPEX and OPEX, greatly reduced active phase or eliminated leachate production, and greater control 
over product quality. By comparison, in-vessel composting represents an evolution of the ASP system 
in which the same parameters are controlled, but conducted in a closed vessel. This ensures that any 
odours and leachate that are generated are contained, and the process is shielded from external 
factors. Close control over the composting parameters enables the system to reduce the active phase 
of composting to as low as 1-3 weeks, though the need for curing and maturation external to the 
vessel may require as long as 5-14 weeks in total (US EPA 2016). 

  

Key Points: 

• Value of energy recoverable from active drying and gasifying paunch would not 
provide a return on investment. 

• Biochar product is over the threshold for cadmium, selenium and zinc and cannot be 
applied as a soil amendment under AS4454. 

• DAF sludge should be retained for production of low-grade tallow. 
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Table 12: Relative performance of composting systems. 

Relative parameters Open windrow Aerated static piles In-vessel 
Area footprint High Low Low 

Active phase rate Low Moderate-high High 
Odour risk Moderate Low None 

Leachate production High Low Low 
Operator input High Moderate-Low Low 

CAPEX Moderate Low High 
Relative OPEX High Low Low 

Process automation Low Moderate-High High 
 
NH Foods Oakey Beef Exports currently conduct open windrow composting of paunch material on site, 
and are interested in advanced forms of composting. Repurposing DAF sludge from it’s high-value, 
low-grade tallow pathway is not advised at this point. However, there may be opportunities for 
paunch to undergo ASP or in-vessel composting. Aerated static pile composting is best performed 
under a number of conditions (Table 13). The C:N ratio of paunch is within the tolerable range at ~35:1, 
as is the bulk density of paunch that typically ranges between 440-660 kg·m-3 (Spence, Buttsworth & 
Carter 2022). The moisture content of paunch is relatively high, and leachate formation is likely. 
Material that has rested in a bin post-collection and allowed liquid to escape may be more suitable. A 
greater understanding of OBEX’s paunch stream is required to make a more in-depth assessment. The 
ASP process is likely to result in lower OPEX for OBEX, and may be a valuable pathway to reduce 
expenses. Anticipated capital expense is around 150,000 AUD with production costs with a per-tonne 
cost of 31.36 AUD including site capital expense, equipment cost, labour cost and miscellaneous cost. 

Table 13: Requirements for composting. Adapted from (Moon 2019). 

Parameter Reasonable range ASP preferred range 
C:N ratio 20:1 – 40:1 25:1 – 30:1 
Moisture 40-65% 60-65% 

Bulk density (kg·m-3) 385-741 564 
Free air space 35-60% 35-50% 

Particle size (mm) 2-76 >50% @ 3-51 
pH 5.5-8.5 6.5-8 

O2 concentration >5% >10% 
Temperature (°C) 55-77 55-66 

 
In-vessel composting is a relatively costly option. In 2003 the United States military assessed the 
economics of implementing an in-vessel composting system to divert 3629 tonnes of organic material 
from landfill. The cost for implementing this at the time was 2,800,000 USD (United States Military 
2003). Converting to AUD at 1.46 AUD·USD-1, adjusting for inflation, and scaling to 4660 tonnes using 
the six-tenths scaling rule, this equivalent cost in 2022 AUD is around 7.7 million AUD. Given the 
current cost of processing at 6.1 AUD·t-1, it is not advised that OBEX upgrade their current composting 
process unless government regulation demands change. 
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 Value-adding to vegetable waste: Barden Farms pre-feasibility study 

Background 
Barden Farms is a horticultural producer growing and packing vegetables in Gatton, Nobby and 
Inglewood Queensland, Australia. Data has been provided for the Gatton and Nobby farms via surveys 
and detailed interviews and are the focus of this pre-feasibility study. The Gatton farm production 
area is 250 hectares and produces 2,500 tonnes of vegetables per annum, while the Nobby farm covers 
600 hectares and produced around 6,000 t·annum-1. Both sites plant year-round and harvest across 
all 12 months. The major interests for Barden Farms captured in the stakeholder engagement survey 
(Appendix 5) and follow-up consultation were to a) improve yield through generating and using 
compost; b) generate additional food products through waste-to-feed opportunities; and c) 
generation of high-value animal feed through production of insect protein. 

Waste products 
Waste is generated both on the field and in the packing house (Table 14). Currently, vegetables are 
assessed on the field as to whether they are within retailer specifications. Vegetables unfit for market 
remain on the field. The packing house processes 6,000 t·annum-1, of which, 4,000 t·annum-1 is output 
as product and 2,000 tonnes are wasted. Losses are incurred due to excess stock (20%), off 
specification (30%), offcuts and trims (30%) and ‘other’ (20%). Barden Farms indicated that around 
90% of this tonnage is practically recoverable. 

Table 14: Vegetable waste from Barden Farms Gatton and Nobby properties. 

Parameters Gatton Nobby Total 
Hectares (ha) 250 600 850 

Production (t/ha) 10 10 N/A 
Total production (t) 2,500 6,000 8,500 
Waste on field (t/ha) 1 1 N/A 

Subtotal: field waste (t) 250 600 850 
Excess stock (t) 400  400 

Off specification (t) 600  600 
Offcuts & trims (t) 600  600 

Other (t) 400  400 
Subtotal: Packing (t) 2,000  2,000 

Total (t) 2,250 600 2,850 

Key Points: 

• Current cost of composting for OBEX is extremely 
low and any additional complexity is not currently viable. 

• Aerated static piles are cost effective and reduce 
odour and leachate significantly, but at an increased 
production cost. 

• In-vessel composting is costly and greatly accelerates 
the composting active phase, but provides little additional 
advantage over aerated static piles. 
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As per the waste hierarchy (Figure 3), Barden Farms currently make good use of their waste residues. 
Packing house waste products are currently a) reprocessed into new products in the case of off-cuts 
and trims, and; b) recovered for animal feed in the case of excess stock, off-specification, and ‘other’. 
Material that is left on the field is ploughed into the soil as a method of returning the nutrients as a 
fertiliser. Through survey response, Barden Farms identified interest in exploring composting and 
waste-to-feed solutions. Table 15 lists the relevant characteristics required to explore these 
processing options and the potential value-added products. 

Table 15: Literature characteristics of fresh vegetables. 

Parameter Units Average ± Std. Dev. n 
Moisture % 90.88% ± 3.04% 9 

Total solids % 9.12% ± 3.04% 9 
Ash % 0.76% ± 0.21% 9 

Volatile solids % 8.37% ± 2.97% 9 
Protein % 1.96% ± 1.04% 9 

Fat % 0.20% ± 0.18% 9 
Carbohydrate % 6.21% ± 2.68% 9 

P mg·kg TS-1 428.89 ± 132.03 9 
K mg·kg TS-1 3,066.67 ± 775.97 9 
Al mg·kg TS-1 0.00 ± 0.00 3 
Ar mg·kg TS-1 0.00 ± 0.00 3 
Ca mg·kg TS-1 314.44 ± 163.71 9 
Cd mg·kg TS-1 0.00 ± 0.00 1 
Cr mg·kg TS-1 0.00 ± 0.00 1 
Cu mg·kg TS-1 0.44 ± 0.21 6 
Fe mg·kg TS-1 6.63 ± 6.07 9 
Mg mg·kg TS-1 162.22 ± 43.15 9 
Mn mg·kg TS-1 2.83 ± 3.76 7 
Mo mg·kg TS-1 0.03 ± 0.01 3 
Na mg·kg TS-1 375.00 ± 606.79 8 
Pb mg·kg TS-1 0.00 ± 0.00 3 
Se mg·kg TS-1 0.00 ± 0.00 8 
Zn mg·kg TS-1 8.96 ± 18.07 9 

TS – Total solids. Vegetables include: broccoli; cauliflower; white, red & savoy cabbages; silverbeet; iceberg lettuce; 
butternut pumpkin, & pumpkin. Data sourced from Food Standards Australia New Zealand (2021). 

Waste-to-feed: Insect protein 
Insect protein in Australia is an emerging industry in which insects are farmed and converted to either 
human or animal feeds and has been previously described in section 3.3.2. While BSFL growth on 
vegetable waste has been investigated, the majority of the work focuses on vegetables as a co-
substrate with other materials. These materials typically include fruit, break, and other common 
household kitchen waste, but also includes grains, brewery waste, meat residues, and butchery waste 
(Hopkins et al. 2021). This high-level investigation will use information that is relevant to vegetable 
waste, though it may be necessary to utilise data from datasets that include non-vegetable co-
substrates. 
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Substrate composition varies the degree of waste consumption. Addeo et al. (2021) grew 6,000 BSFL 
on vegetable waste consisting of 30% broccoli, 26.3% celery, 18.8% cabbage, 12.5% oranges and 12.5% 
apples. In 22 days, BSFL had consumed 69.71% of the substrate. Similarly, Scala et al. (2020) feeding a 
diet of 30% alfalfa, 50% wheat bran and 20% corn meal measured a substrate consumption of 66.5 ± 
4.7%. Consequently, Barden Farms may be looking at a residue reduction of 1,986.7 t·annum-1, with 
863.3 t remaining as food mass. 

Production rate of BSFL also varies with substrate. Addeo et al. (2021) demonstrated that as butchery 
waste was added to vegetable waste, production of BSFL increased from 370.5 g TS at 100% vegetable 
waste, to 717.2 g TS with 25% butchery and 75% vegetable waste. Consequently, due to insufficient 
data regarding the rearing of BSFL on Barden Farms waste, an estimate will be applied. Green (2014) 
indicated a specific yield of 22.28% g dry BSFL·g-1 dry food waste, assuming a moisture content of 76%. 
Meanwhile, Addeo et al. (2021) recorded a specific yield of 25.32%. Taking an average of these values, 
Barden Farms could expect a BSFL yield of around 206 t·annum-1 live weight, or 62 t·annum-1 dry 
weight. 

A market assessment conducted by All Energy Pty. Ltd. (2017) was used to identify the value of BSFL 
products, albeit produced from abattoir residues, in various conditions (Table 16). Whole live BSFL 
were of the highest value, specifically packaged and sold retail. Live larvae are also heavier as they still 
contain a large proportion of water. However, live BSFL must have an immediately available offtake 
to ensure product quality. Dried whole BSFL was less valuable than live larvae, but have significantly 
increased shelf life and this provides the ability to store product if supply out-strips demand. 

Table 16: Potential revenue streams from BSFL and frass production from Barden Farms Vegetable Waste. 

Scenario 1: Whole dried BSFL, 1 kg bags retail 
Revenue stream AUD·t-1 t·annum-1 AUD·annum-1 

Dried whole BSFL 80,000a 62 $16,323,240 
Frass Fertiliser 273.77 78.8 $459,844 

Total   $16,848,110 
Scenario 2: Whole live BSFL, 1 kg bags retail 

Revenue stream AUD·t-1 t·annum-1 AUD·annum-1 
Whole live BSFL 100,000a 206 $68,013,501 
Frass Fertiliser 273.77 78.8 $459,844 

Total   $68,538,371 
a All Energy Pty. Ltd. (2017).  

Frass, consisting of the larval manure and shell casings may be sold as a fertiliser product. Addeo et al. 
(2021) measured a specific frass yield of 30.3% of substrate TS. Applied to Barden Farms’ waste, a frass 
yield of 78.8 t·annum-1 is expected. This material is expected to have a high N, P and K content of 
around 4.9%, 2.6% and 1.7% respectively (Magee et al. 2021). At current prices (19/12/2022) for urea, 
triple superphosphate and potassium chloride of 1,020, 1,060, and 842.1 AUD·t-1 (Index Mundi 2022), 
frass with the aforementioned composition would be worth approximately 273.77 AUD·t-1 for the N, 
P and K alone. 

Capital investment and OPEX were also estimated using the All Energy Pty. Ltd. (2017) report and the 
six tenths scaling rule. Importantly, the six-tenths scaling rule is not accurate outside ±20% of the 
original value. Consequently, these estimates are very high-level and further advice should be sought 
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prior to making investment decisions. Capital investment was estimated to be approximately 1.07M 
AUD, while operating expense is expected to be 229,665 AUD·annum-1.  

While there is literature available on BSFL and frass production from vegetable waste, there appear 
to be few investigations in the literature. Importantly for Barden Farms, more information is needed 
regarding BSFL production from vegetable waste alone, the composition of frass developed from this 
process, and the value of this frass agronomically. 

 

Biological processing: Composting 
Composting is the process by which micro-organisms degrade organics in the presence of oxygen and 
is rigorously controlled in a commercial setting and has been previously described in section 3.3.2. 

Barden Farms currently give away food waste as animal feed, and sell offcuts and trimmings to be 
repurposed, while purchasing compost to support the farm. The current value of having food waste 
removed at no cost is the offset of disposal costs. Commonly, the gate fee for disposing of green waste 
at composting facilities is around 40 AUD·t-1. Consequently, Barden farms is currently saving 80,000 
AUD·annum-1. While Barden Farms has interest in generating their own compost, it is not 
recommended that food waste be intentionally demoted down the value chain (Figure 3). Instead, it 
may be reasonable to introduce a cost on food waste repurposed as animal feed to help cover the 
cost of purchasing compost. While compost currently retails at around 40 AUD·t-1, fodder ranges from 
50-320 AUD·t-1. Consequently, a cost of less than 50 AUD·t-1 food waste would remain valuable for 
farmers, and improve the profitability for Barden Farms. Additionally, Barden farms had indicated that 
sorting of product in-field for in/out of specification is relatively slow and costly, and that this could 
be conducted much faster in the packing shed. Consequently, under this proposed solution, Barden 
Farms has the opportunity to increase the amount of food waste saleable to nearby farmers, while 
reducing labour expense in-field. This can be achieved by harvesting the entire crop and conducting 
sorting in the packing sheds. While this would result in an increased demand for compost and/or 
fertiliser, this should be offset by 1) reduced labour expense, and 2) increased income from food waste 
sales. However, the following high-level investigation will assume the material cannot be sold at a 
higher cost. 

To reduce the demand for land area and labour inputs, while keeping CAPEX low, it is recommended 
to utilise ASP composting. Aerated static pile composting is best performed under a number of 
conditions (Table 13). Of particular concern with feedstock are C:N ratio and moisture content. 
Vegetables typically have a low C:N ratio. Utilising data from Food Standards Australia New Zealand 
(2021), the C:N ratios of Barden Farms vegetables were estimated to be: broccoli (6.3), cauliflower 

Key Points: 

• Black soldier fly larvae (BSFL) production from food waste is currently conducted 
commercially. 

• Production of whole live or dried larvae appears attractive economically for Barden 
farms 

• Research into production rates of BSFL and frass, market opportunities, and fertiliser 
value of frass grown on vegetable waste would be valuable. 
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(11.7), white cabbage (18.3), savoy cabbage (14.1), iceberg lettuce (17.1), butternut pumpkin (17.2), 
and generic pumpkin (26.6). There was insufficient data available for red cabbage and silver beet, and 
these C:N ratios are expected to be slightly lower than real values due to a lack of available data on 
fatty acid composition. The moisture content of the vegetables routinely farmed by Barden Farms 
averages at 90.88%. To be acceptable for ASP composting, the moisture content needs to be reduced. 
This can be achieved by allowing the material to dry and/or by adding material that has a lower 
moisture content. Allowing the material to air/sun dry promotes a risk of leachate production, 
generating odours and attracting vermin. Barden Farms would need to obtain high-carbon substrates 
wood chips or sawdust to optimise C:N ratio and partially reduce the moisture content of the 
vegetable wastes (Cornell Composting 1996). The addition of 148.4 tonnes of wood chips would be 
suitable to boost the C:N ratio from 15.9 up to 30, while marginally reducing the moisture content 
from 90.88% to 87.09%, and increasing the bulk density from 390 kg·m-3 to 393.8 kg·m-3. 

Composting does not appear economical for Barden Farms. The area required to develop a 
composting site was estimated at 5400 m2. Development of the site is estimated to cost approximately 
300,000 AUD, with the major expenses including a 400m3 water treatment/capture pond and a 
drainage/reticulation system. Equipment, including a small grinder, a skid steer loader and a tow-type 
compost turner for maturing compost, to cost 185,000 AUD. Trommel screen hire is expected to cost 
under $5,000 AUD·annum-1. Personnel costs were estimated at a machine operator at 1 full time 
equivalent (FTE) at 75,000 AUD·annum-1, and a supervisor at 0.1 FTE at 90,000 AUD·annum-1, while 
miscellaneous costs including site repairs, electricity etc. amounted to ~88,800 AUD·annum-1. 
Ultimately, the cost per tonne of compost is approximately 120.92 AUD·t-1 compared with the retail 
price of 40 AUD·t-1. Consequently, it does not appear economical for Barden Farms to conduct a 
composting operation at such a low throughput. 

In-vessel composting is comparatively costly and is not economical for Barden Farms. In 2003 the 
United States military assessed the economics of implementing an in-vessel composting system to 
divert 3629 tonnes of organic material from landfill. The cost for implementing this at the time was 
2,800,000 USD (United States Military 2003). Converting to AUD at 1.46 AUD·USD-1, adjusting for 
inflation, and scaling to 2998 tonnes using the six-tenths scaling rule, this equivalent cost in 2022 AUD 
is around 5.9 million AUD. Given the current cost of compost at 40 AUD·t-1, the same quantity of 
compost can be purchased for 120,000 AUD·annum-1. 

 
 

  

Key Points: 

• Both ASP composting and in-vessel composting 
are currently uneconomical for Barden Farms. 

• Composting traditionally utilises gate fees to 
maintain profitability. Barden Farms is not 
accepting waste materials from other producers. 
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4 Conclusion and Recommendations 

4.1 Regional waste mapping 
The Darling Downs – Maranoa produced an estimated 795,739 t of crop residues in the 2019/20 
period, consisting of stalk, leaf, and food waste residues. While cereal crops produced significant 
quantities of residues, this is overwhelmingly consumed by the return of crop residues to the soil to 
promote sustainable farming. Consequently, approximately 166,525 t of material are recoverable as 
food loss and crop residue from the combined cereal, non-cereal and horticulture industries. Imagine 
analysis refined this estimate to 67,863 t for the Toowoomba LGA, though this assumes uniform 
cropping distribution. 

Transformation of crop materials to energy should only be conducted if materials are unsuitable as 
food for human or animal consumption. Transformation technology largely depends on the contextual 
demand. However, in general, cereal and non-cereal crop residues would be well managed using 
gasification technology, while horticultural residues would typically be best managed through 
anaerobic digestion or ethanol production. Non-saleable grain could be used to generate reasonable 
quantities of ethanol. Intensive livestock residues are best managed through anaerobic digestion.  

Further research is needed to identify the major stakeholders within the Toowoomba local 
government area. This could be achieved using the survey (Appendix Figure 1) developed as part of 
this project.  

4.2 TRC business case development 
Toowoomba Regional Council are major handlers of waste in the Toowoomba Region. With the waste 
collection agreement to be renewed in 2023, TRC are looking to divert organics from landfill to more 
appropriate processing solutions and, in doing so, provide better social, economic and environmental 
outcomes. 

Collection systems were reviewed for cost and user compliance. Weekly collection of co-mingled 
collection of food organics and garden organics coupled with fortnightly collection of general waste 
appeared the most simple and cost-effective collection system. Anaerobic digestion and composting 
were both cost-effective treatment options for FOGO inclusive of the more costly 4 bin collection 
system. All changes require additional cost of collection. 

Processing of organic municipal waste through composting, anaerobic digestion and gasification were 
investigated. Anaerobic digestion and composting were both found to be viable solutions if owned 
and operated by TRC, though the final selected location, be it greenfield or brownfield may have 
significant bearings on this. Significant potential exists for synergistic waste processing by both 
integrating various forms of organics processing such anaerobic digestion with current Council 
practices such as managing sludge from aerobic waste treatment practices at Wetalla. It is 
recommended that TRC develop more specific integration scenarios to help refine the cost-benefit 
analysis. Future markets for high-value-add products including biomethane are expected to become 
more viable in Australia over the next 5-10 years, and this represents significant potential to value-
add to anaerobic digestion processes. While gasification was generally not recommended, a small unit 
may be required to further treat contaminated and oversize material from both the composting and 
anaerobic digestion processes to eliminate microplastics and persistent organic pollutants. Education 
is critical to the success of source-separation of waste and the minimisation of contamination. Social 
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research regarding the implementation of organics collection and associated surveys and education 
material should be reviewed to identify the most successful implementation strategies and 
educational material. Compositional audits on green bins are recommended which take into account 
seasonal variation to help determine the requirement for post-processing of organics, particularly 
woody waste and the practicality of using anaerobic digestion to treat co-mingled FOGO. Finally, to 
avoid potential roadblocks to organics processing while maintaining staff and public safety, a review 
of legislative frameworks regarding composting and anaerobic digestion facilities is recommended. 

4.3 Pre-feasibility assessment of pb Agrifood’s milling waste 
pb Agrifood was identified as a source of agrifood waste that could benefit from value-adding in the 
Toowoomba Region. The business recovers significant value from their milling waste by repurposing 
gradings as animal feed. However, this practice has significant seasonal variability and consumes large 
quantities of staff time to manage. Additionally, gradings contaminated with weed seeds, and soybean 
gradings are disposed of at cost. Due to the dry nature (~10% moisture) of these gradings, and the 
need to destroy weed seeds, composting, gasification and conversion to animal protein were 
identified as suitable technology options. Additionally, gasification and conversion to animal protein 
were identified as suitable pathways to generate income from pb Agrifood’s residues. 

4.4 Pre-feasibility assessment of Oakey Beef Export’s abattoir waste 
NH Foods Oakey Beef Exports was identified as a source of agrifood waste that could benefit from 
value-adding in the Toowoomba Region. The abattoir recovers significant value by rendering DAF 
sludge for sale as low-grade tallow. However, paunch waste maintains considerable potential for 
future regulatory burden, and is currently a cost to manage. Oakey Beef were interested in exploring 
opportunities for gasification, advanced composting and insect protein production. Advanced 
composting processes were more estimated to be more costly than currently established processes 
for managing paunch. Gasification of the wet materials was not energetically favourable. However, if 
feedstocks can be passively dried, gasification may be a viable pathway for paunch management and 
warrants further investigation. Insect protein production was potentially valuable if offtake can be 
secured. However, care must be taken to ensure that insect protein products are not supplied as feed 
to ruminants or pigs. 

4.5 Pre-feasibility assessment of Barden Farms vegetable waste 
Barden Farms was identified as a source of agrifood waste that could benefit from value-adding in the 
Toowoomba Region. The business currently disposes of vegetable wastes from the packing house at 
no cost, but also no value, and unharvested product is ploughed back into the ground. Barden Farms 
were interested in exploring opportunities for composting and insect protein production. Composting 
at the relatively small scale was estimated to be cost prohibitive. Insect protein appeared valuable if 
an offtake can be secured. Additionally, frass fertiliser has potential to offset fertiliser costs. 

4.6 Recommendations and future research  
For each of the aforementioned stakeholders, the next steps to developing a waste management 
solution include a) sampling and laboratory investigation to better understand pb Agrifood’s waste 
residues; b) supply chain mapping, including value chain assessment; and c) UniSQ/FFW CRC to 
connect stakeholders with CRC industry partners including state government, technology providers 
and offtakes. 
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Two major limitations of this investigation were the inability to capture information for: 1) the LGA 
level, and; 2) food processing/manufacturing and retail. While a stakeholder engagement survey 
(Appendix Figure 1) was produced to capture information in both of these areas, the survey was 
inhibited by two factors. Foremost, while the survey was online, invitation to the survey was 
conducted by letter mail out which was coordinated by TRC. Consequently, the survey received only 
5 industry views and completions – 4 following direct communication with UniSQ staff. It is 
recommended that future surveys are advertised via email with a hyperlink. Although attempts were 
made to identify and quantify waste from these sectors, insufficient data exists online to generate 
meaningful outcomes in the granularity requested of this work. 
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Appendix 1 – Stakeholder engagement survey – Food 
processing/manufacturing 
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Appendix Figure 1: Stakeholder engagement survey – Food processing/manufacturing questions 
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Appendix 2 - Summarised stakeholder engagement survey 
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Appendix 3 – Stakeholder engagement survey responses: pb Agrifood 

 

Response ID 14
Date submitted 2022-03-01 11:13:12
Last page 24
Start language en
Seed 1994214223
Date started 2022-03-01 11:06:18
Date last action 2022-03-01 11:13:12

Which industry do you represent? Food Processing / Manufacturing
What product group/s are you producing? [Product 1][Product group] Mungbeans
What product group/s are you producing? [Product 2][Product group] Soybeans
What product group/s are you producing? [Product 3][Product group] Chickpeas
What product group/s are you producing? [Product 4][Product group] Linseed
Which of the following do you generate solid waste streams for? [{FM1_SQ001_SQ001}] Yes
Which of the following do you generate solid waste streams for? [{FM1_SQ002_SQ001}] Yes
Which of the following do you generate solid waste streams for? [{FM1_SQ003_SQ001}] Yes
Which of the following do you generate solid waste streams for? [{FM1_SQ004_SQ001}] Yes
Which of the following do you generate solid waste streams for? [N/A] No

Briefly describe these solid wastes (e.g. nut shells): [{FM1_SQ001_SQ001}][Description of solid wastes]
Gradings including mungbean chips, 
weedseeds, pod material and dirt

Briefly describe these solid wastes (e.g. nut shells): [{FM1_SQ002_SQ001}][Description of solid wastes]
Gradings including chips, weedseeds, 
pod material and dirt

Briefly describe these solid wastes (e.g. nut shells): [{FM1_SQ003_SQ001}][Description of solid wastes]
Millrun AND Gradings including chips, 
weedseeds, pod material and dirt

Briefly describe these solid wastes (e.g. nut shells): [{FM1_SQ004_SQ001}][Description of solid wastes] Gradings including pod material and dirt
What masses of solid wastes do you generate? [{FM2a_SQ001_SQ001}][t/year] 300
What masses of solid wastes do you generate? [{FM2a_SQ002_SQ001}][t/year] 500
What masses of solid wastes do you generate? [{FM2a_SQ003_SQ001}][t/year] 2500 AND 200
What masses of solid wastes do you generate? [{FM2a_SQ004_SQ001}][t/year] 75
How are these solid waste streams managed? [{FM2a_SQ001_SQ001}] Waste-to-Feed
How are these solid waste streams managed? [{FM2a_SQ002_SQ001}] Pyrolysis/gasification
How are these solid waste streams managed? [{FM2a_SQ003_SQ001}] Waste-to-Feed
How are these solid waste streams managed? [{FM2a_SQ004_SQ001}] Waste-to-Feed
Which of the following do you generate liquid waste streams for? [{FM1_SQ001_SQ001}] No
Which of the following do you generate liquid waste streams for? [{FM1_SQ002_SQ001}] No
Which of the following do you generate liquid waste streams for? [{FM1_SQ003_SQ001}] No
Which of the following do you generate liquid waste streams for? [{FM1_SQ004_SQ001}] No
Which of the following do you generate liquid waste streams for? [N/A] Yes
Do you or a third party currently value-add to your waste streams? I value-add
How do you currently value-add to your waste streams? [Biogas (Anaerobic digestion)] No
How do you currently value-add to your waste streams? [Composting] No
How do you currently value-add to your waste streams? [In-vessel composting] No
How do you currently value-add to your waste streams? [Gasification/pyrolysis] No
How do you currently value-add to your waste streams? [Waste to feed] Yes
How do you currently value-add to your waste streams? [Extraction of bioactives] No
How do you currently value-add to your waste streams? [Other]
Are you currently developing a value-adding project? Yes
Which value-adding practices are you currently developing? [Biogas (Anaerobic digestion)] No
Which value-adding practices are you currently developing? [Composting] No
Which value-adding practices are you currently developing? [In-vessel composting] No
Which value-adding practices are you currently developing? [Gasification/Pyrolysis] No
Which value-adding practices are you currently developing? [Waste to feed] Yes
Which value-adding practices are you currently developing? [Extraction of bioactives] No
Which value-adding practices are you currently developing? [Other]
Are you interested in adding value to your waste streams? Yes
Which avenue/s of value adding are you interested in? [Biogas (Anaerobic digestion)] Yes
Which avenue/s of value adding are you interested in? [Composting] Yes
Which avenue/s of value adding are you interested in? [In-vessel composting] Yes
Which avenue/s of value adding are you interested in? [Gasification/Pyrolysis] Yes
Which avenue/s of value adding are you interested in? [Waste-to-feed] Yes
Which avenue/s of value adding are you interested in? [Extraction of bioactives] Yes
Which avenue/s of value adding are you interested in? [Other]
If a waste-to-energy technology were implemented, how would you use the energy?  [Flare to reduce carbon 
emissions (Biogas only)] No
If a waste-to-energy technology were implemented, how would you use the energy?  [Power] No
If a waste-to-energy technology were implemented, how would you use the energy?  [Heat] No
If a waste-to-energy technology were implemented, how would you use the energy?  [Heat and power] Yes
If a waste-to-energy technology were implemented, how would you use the energy?  [Other]
If a waste-to-energy technology were implemented, what fuel source would you offset? [Grid electricity] Yes
If a waste-to-energy technology were implemented, what fuel source would you offset? [Diesel] No
If a waste-to-energy technology were implemented, what fuel source would you offset? [Natural gas] Yes
If a waste-to-energy technology were implemented, what fuel source would you offset? [LPG] No
If a waste-to-energy technology were implemented, what fuel source would you offset? [Coal (please specify type)] No
If a waste-to-energy technology were implemented, what fuel source would you offset? [Other]
Are you interested in receiving and co-processing waste from other industries? No
Would you like to discuss opportunities to value-add to your waste streams? Yes

How would you like to make contact? I would like USQ to contact me
Please provide your contact information below: [Name] Yes
Please provide your contact information below: [Name][Comment] PB Agrifood
Please provide your contact information below: [Organisation] No
Please provide your contact information below: [Organisation][Comment]
Please provide your contact information below: [Phone:] Yes
Please provide your contact information below: [Phone:][Comment] 0746335555
Please provide your contact information below: [Email:] Yes

Please provide your contact information below: [Email:][Comment] kate@pbagrifood.com.au
Please enter any feedback you have in the space provided:
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Appendix 4 – Stakeholder engagement survey responses: Oakey Beef Exports 

 

Last page 24
Start language en
Seed 1263620051
Date started 2022-11-23 12:04:17
Date last action 2022-11-23 12:11:43

Which industry do you represent?
Red Meat 
Processing

Which animals do you process? [Cattle] Yes
Which animals do you process? [Veal] No
Which animals do you process? [Sheep] No
Which animals do you process? [Lamb] No
Which animals do you process? [Goat] No
What is the total capacity of your processing facility in terms of:  Please select all that apply.  [Cattle][Head/year]              160,329.00 
What is the total capacity of your processing facility in terms of:  Please select all that apply.  [Cattle][t HSCW/year]          58,500,224.50 
What quantity of solids do you generate? [Paunch][Mass produced (Wet t/year)] 4660
What quantity of solids do you generate? [Other solids][Mass produced (Wet t/year)] Fats from DAF
Which of the following best describes the end use of your paunch?   [Applied to adjacent agricultural land] Yes
Which of the following best describes the end use of your paunch?   [Compost/landscaping] No
Which of the following best describes the end use of your paunch?   [Landfill] No
Which of the following best describes the end use of your paunch?   [Stockpile] No
Which of the following best describes the end use of your paunch?   [Other]
Which of the following best describes the end use of your other solids?   [Applied to nearby agricultural land] No
Which of the following best describes the end use of your other solids?   [Compost/landscaping] No
Which of the following best describes the end use of your other solids?   [Landfill] No
Which of the following best describes the end use of your other solids?   [Stockpile] No
Which of the following best describes the end use of your other solids?   [Rendered] Yes
Which of the following best describes the end use of your other solids?   [Other] LOw grade tallow
How do you recover fat from your liquid effluent stream? [Fat is not recovered from liquid waste stream] No
How do you recover fat from your liquid effluent stream? [Screens] No
How do you recover fat from your liquid effluent stream? [Dissolved air flotation] Yes
How do you recover fat from your liquid effluent stream? [Induced air flotation] No
How do you recover fat from your liquid effluent stream? [Other]
Are your red and green streams combined or treated separately? Combined
How much combined wastewater do you generate? [Cubic meters per head] No
How much combined wastewater do you generate? [Cubic meters per head][Comment]
How much combined wastewater do you generate? [Cubic meters per year] No
How much combined wastewater do you generate? [Cubic meters per year][Comment]
How much combined wastewater do you generate? [Don't know] Yes
How much combined wastewater do you generate? [Don't know][Comment] 2KL/day
How is your liquid effluent stream managed? Please rank the sequence of events relevant to your site. [Discharge to sewer] No
How is your liquid effluent stream managed? Please rank the sequence of events relevant to your site. [Discharge to sewer][Comment]
How is your liquid effluent stream managed? Please rank the sequence of events relevant to your site. [Discharge to nearby land] No
How is your liquid effluent stream managed? Please rank the sequence of events relevant to your site. [Discharge to nearby land][Comment]
How is your liquid effluent stream managed? Please rank the sequence of events relevant to your site. [Aerobic digestion] No
How is your liquid effluent stream managed? Please rank the sequence of events relevant to your site. [Aerobic digestion][Comment]
How is your liquid effluent stream managed? Please rank the sequence of events relevant to your site. [Uncovered anaerobic lagoon] Yes
How is your liquid effluent stream managed? Please rank the sequence of events relevant to your site. [Uncovered anaerobic lagoon][Comment]
How is your liquid effluent stream managed? Please rank the sequence of events relevant to your site. [Covered anaerobic lagoon] Yes
How is your liquid effluent stream managed? Please rank the sequence of events relevant to your site. [Covered anaerobic lagoon][Comment] producebiogas
How is your liquid effluent stream managed? Please rank the sequence of events relevant to your site. [High-rate anaerobic digestion (i.e. CSTR, EGSB, UASB, etc.)] No
How is your liquid effluent stream managed? Please rank the sequence of events relevant to your site. [High-rate anaerobic digestion (i.e. CSTR, EGSB, UASB, 
etc.)][Comment]
How is your liquid effluent stream managed? Please rank the sequence of events relevant to your site. [Ultrafiltration &amp; reverse osmosis] No
How is your liquid effluent stream managed? Please rank the sequence of events relevant to your site. [Ultrafiltration &amp; reverse osmosis][Comment]
How is your liquid effluent stream managed? Please rank the sequence of events relevant to your site. [Other]
How is your liquid effluent stream managed? Please rank the sequence of events relevant to your site. [Other comment]
Do you or a third party currently value-add to your waste streams? I value-add
How do you currently value-add to your waste streams? [Biogas (Anaerobic digestion)] Yes
How do you currently value-add to your waste streams? [Composting] Yes
How do you currently value-add to your waste streams? [In-vessel composting] No
How do you currently value-add to your waste streams? [Gasification/pyrolysis] No
How do you currently value-add to your waste streams? [Waste to feed] No
How do you currently value-add to your waste streams? [Extraction of bioactives] No
Are you currently developing a value-adding project? No
Are you interested in adding value to your waste streams? Yes
Which avenue/s of value adding are you interested in? [Biogas (Anaerobic digestion)] No
Which avenue/s of value adding are you interested in? [Composting] No
Which avenue/s of value adding are you interested in? [In-vessel composting] Yes
Which avenue/s of value adding are you interested in? [Gasification/Pyrolysis] Yes
Which avenue/s of value adding are you interested in? [Waste-to-feed] Yes
Which avenue/s of value adding are you interested in? [Extraction of bioactives] No
Which avenue/s of value adding are you interested in? [Other]
If a waste-to-energy technology were implemented, how would you use the energy?  [Flare to reduce carbon emissions (Biogas only)] No
If a waste-to-energy technology were implemented, how would you use the energy?  [Power] No
If a waste-to-energy technology were implemented, how would you use the energy?  [Heat] No
If a waste-to-energy technology were implemented, how would you use the energy?  [Heat and power] Yes
If a waste-to-energy technology were implemented, how would you use the energy?  [Other]
If a waste-to-energy technology were implemented, what fuel source would you offset? [Grid electricity] Yes
If a waste-to-energy technology were implemented, what fuel source would you offset? [Diesel] No
If a waste-to-energy technology were implemented, what fuel source would you offset? [Natural gas] No
If a waste-to-energy technology were implemented, what fuel source would you offset? [LPG] No
If a waste-to-energy technology were implemented, what fuel source would you offset? [Coal (please specify type)] Yes
If a waste-to-energy technology were implemented, what fuel source would you offset? [Other]
Are you interested in receiving and co-processing waste from other industries? No
Would you like to discuss opportunities to value-add to your waste streams? Yes

How would you like to make contact?
I would like USQ to 
contact me

Please provide your contact information below: [Name] Yes

Please provide your contact information below: [Name][Comment]
Manasa Reddy 
Gurrala

Please provide your contact information below: [Organisation] Yes
Please provide your contact information below: [Organisation][Comment] Oakey Beef exports
Please provide your contact information below: [Phone:] Yes
Please provide your contact information below: [Phone:][Comment] 0746920088
Please provide your contact information below: [Email:] Yes

Please provide your contact information below: [Email:][Comment]
mgurrala@oakeybeef
.com.au

Please enter any feedback you have in the space provided: N/A
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Appendix 5 - Stakeholder engagement survey responses: Barden Farms 

 

Response ID 21
Date submitted 2022-12-01 10:20:51
Last page 24
Start language en
Seed 1210392751
Date started 2022-12-01 10:12:49
Date last action 2022-12-01 10:20:51
Which industry do you represent? Horticulture (Producing     
Which of the following best describes your business? Tick all that apply. [Producer] Yes
Which of the following best describes your business? Tick all that apply. [Packing] Yes
Which of the following best describes your business? Tick all that apply. [Processing] No
Which of the following best describes your business? Tick all that apply. [Distribution] No
What products do you primarily produce? [Vegetables] Yes
What products do you primarily produce? [Fruits] No
What products do you primarily produce? [Nuts] No
For each product group: how big is the production area (ha); how long is the harvest period (months); and what is the average yield 
(t/ha)? [Vegetables][Total production area (ha)] 250
For each product group: how big is the production area (ha); how long is the harvest period (months); and what is the average yield 
(t/ha)? [Vegetables][Harvest period (months)] 12
For each product group: how big is the production area (ha); how long is the harvest period (months); and what is the average yield 
(t/ha)? [Vegetables][Average annual yield (t)] 2500
For your products, what amount of your products are left on the field? [Vegetables][t/ha] 1
What proportion of the product left on the field could be recovered in a practical manner (%)? [Vegetables][t/ha] 50
What do you do with unharvested product left on the field? [Vegetables] Compost (Plough into 
What other plant material (leaves, stems, heads) is not harvested?  If breakdown is known, please specify.  [Vegetables][Total (t/ha)] 10
What other plant material (leaves, stems, heads) is not harvested?  If breakdown is known, please specify.  [Vegetables][Leaves (t/ha)] 5
What other plant material (leaves, stems, heads) is not harvested?  If breakdown is known, please specify.  [Vegetables][Stems (t/ha)] 2
What other plant material (leaves, stems, heads) is not harvested?  If breakdown is known, please specify.  [Vegetables][Heads (t/ha)] 3
What do you do with the other plant material left (ie. leaves, stems, heads) on the field? [Vegetables] Compost (Plough into 
What products do you primarily pack? [Vegetables] Yes
What products do you primarily pack? [Fruits] No
What products do you primarily pack? [Nuts] No
During packing, what are the masses of your inputs and outputs? [Vegetables][Input (t/y)] 6000
During packing, what are the masses of your inputs and outputs? [Vegetables][Output (t/y)] 4000
What is the nature of the loss? Please include percentage estimate of losses [Vegetables][Excess stock] 20
What is the nature of the loss? Please include percentage estimate of losses [Vegetables][Off specification] 30
What is the nature of the loss? Please include percentage estimate of losses [Vegetables][Off cuts &amp; Trims] 30
What is the nature of the loss? Please include percentage estimate of losses [Vegetables][Other] 20
What proportion of these losses are practically recoverable (%)? [Vegetables][Proportion recoverable (%)] 90
What do you normaly do with these materials? [Excess stock] Recover for animal fee
What do you normaly do with these materials? [Off Specification] Recover for animal fee
What do you normaly do with these materials? [Off cuts &amp; Trims] Sold for processing int   
What do you normaly do with these materials? [Other] Recover for animal fee
Do you or a third party currently value-add to your waste streams? No, I don't value-add
Are you currently developing a value-adding project? No
Are you interested in adding value to your waste streams? Yes
Which avenue/s of value adding are you interested in? [Biogas (Anaerobic digestion)] No
Which avenue/s of value adding are you interested in? [Composting] Yes
Which avenue/s of value adding are you interested in? [In-vessel composting] No
Which avenue/s of value adding are you interested in? [Gasification/Pyrolysis] No
Which avenue/s of value adding are you interested in? [Waste-to-feed] Yes
Which avenue/s of value adding are you interested in? [Extraction of bioactives] No
Are you interested in receiving and co-processing waste from other industries? Yes
Which industry's waste are you interested in receiving/co-processing?  [Beef feedlots] No
Which industry's waste are you interested in receiving/co-processing?  [Dairy] No
Which industry's waste are you interested in receiving/co-processing?  [Pork] No
Which industry's waste are you interested in receiving/co-processing?  [Poultry (Meat)] No
Which industry's waste are you interested in receiving/co-processing?  [Poultry (Eggs)] No
Which industry's waste are you interested in receiving/co-processing?  [Red Meat Processing] No
Which industry's waste are you interested in receiving/co-processing?  [Horticulture] Yes
Which industry's waste are you interested in receiving/co-processing?  [Broadacre cropping] No
Which industry's waste are you interested in receiving/co-processing?  [Food Processing / Manufacturing] No
Which industry's waste are you interested in receiving/co-processing?  [Food Retail] No
Would you like to discuss opportunities to value-add to your waste streams? Yes
How would you like to make contact? I would like USQ to co  
Please provide your contact information below: [Name] Yes
Please provide your contact information below: [Name][Comment] Andrew Drummond
Please provide your contact information below: [Organisation] Yes
Please provide your contact information below: [Organisation][Comment] Barden Farms PTY LT
Please provide your contact information below: [Phone:] Yes
Please provide your contact information below: [Phone:][Comment] 0418116994
Please provide your contact information below: [Email:] Yes
Please provide your contact information below: [Email:][Comment] andrew@bardenproduc
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