
 

 

FROM ALMOND 

WASTE TO 

NUTRITIONAL 

FERTILISER 

Project Report 

 

 

 

PREPARED BY: 

Mark Davis 

 

 

  



From Almond Waste to Nutritional Fertiliser 

From Almond Waste to Nutritional Fertiliser 

 
 

 2 
 

C O N T E N T S  

Executive summary ............................................................................................................................................ 4 

Section 1: Research & Development .............................................................................................................. 6 

1. Initial Set Up ...................................................................................................................................................... 6 

2. Outcomes ..........................................................................................................................................................7 

Section 2: Product Assessment & Marketing .............................................................................................. 8 

Part 1: Product Assessment .................................................................................................................................... 8 

Part 2: Marketing Analysis ...................................................................................................................................... 9 

Section 3: Laboratory Trials & Process Refinement .................................................................................. 11 

Part 1: Laboratory Trials ......................................................................................................................................... 11 

1. Product Sizing .................................................................................................................................................. 11 

2. Process Agitation ........................................................................................................................................... 12 

3. Process Timing ............................................................................................................................................... 12 

4. Process Refinement ...................................................................................................................................... 12 

Section 4: Pilot Plant Design & Engineering ............................................................................................. 14 

Part 1: Design............................................................................................................................................................. 14 

Part 2: Engineering .................................................................................................................................................. 15 

Section 5: Intellectual Property ..................................................................................................................... 16 

Part 1: Intellectual Property Protection ............................................................................................................ 16 

Section 6: Plant & Equipment Installation & Commissioning ............................................................... 17 

Part 1: Plant Installation ......................................................................................................................................... 17 

Part 2: Plant Commissioning ................................................................................................................................ 17 

Section 7: Recipe Trials ................................................................................................................................... 20 

Part 1: Trials ................................................................................................................................................................ 20 

Section 8: Industry Engagement................................................................................................................... 21 



From Almond Waste to Nutritional Fertiliser 

From Almond Waste to Nutritional Fertiliser 

 
 

 3 
 

Part 1: Almond Board of Australia Field Day ................................................................................................. 21 

Part 2: Corporate Reports ..................................................................................................................................... 21 

Part 3: Interviews & Articles ................................................................................................................................. 22 

Section 9: Targets, Evaluation & Outcomes ............................................................................................... 23 

Part 1: Targets ............................................................................................................................................................ 23 

Part 2: Evaluation ...................................................................................................................................................... 23 

Part 3: Outcomes ...................................................................................................................................................... 23 

Section 10: Challenges, Issues & Risks ......................................................................................................... 25 

Part 1: Equipment Delivery ................................................................................................................................... 25 

Part 2: Equipment Selection ................................................................................................................................. 25 

 ............................................................................................................................................................................... 26 

Section 11: Future Plans ................................................................................................................................... 26 

Conclusion .......................................................................................................................................................... 27 

 

  



From Almond Waste to Nutritional Fertiliser 

From Almond Waste to Nutritional Fertiliser 

 
 

 4 
 

 

EXECUTIVE SUMMARY 

This report provides the key details of the Almond Waste to Nutritional Fertiliser project. A novel 

process, with a strong potential market. A highly scalable process producing high value fertilizer 

outputs and creating an exciting and environmentally sustainable new circular economy for almond 

hull and shell. This report covers the research and development phase, product assessment and 

marketing, lab-based trials, design and engineering, IP protection and finally commissioning and 

plant operation. 

 

The initial trial phase included: 

- Setting up small trials with different chemicals to assess the outcomes. 

- The outcomes led us to a process that included urea due to the finished product 

composition being optimal. 

 

In the product assessment and marketing phase: 

- External stakeholders conducted glasshouse trials proving the product is effective. 

- While the marketing assessment determined there exists a large and established potential 

market for our product. 

 

The lab-based trial process included: 

- Modifying the product sizing to determine how this impacted the final extraction. Agitating 

the product to assess extraction and reaction. Changing the process timing. 

- These were combined to determine a smaller product size, agitated was able to achieve the 

best extraction in a shorter period. 

 

Pilot Plan Design & Engineering 

- Working with external consultants conducting trials and flow sheet was developed for our 

process consisting of a vertical agitator, mono-pump, and filter press. 

 

The process was put through IP protection phases with review and additional data required to 

proceed to the filing phase. The process and product ultimately being considered novel. The 

construction and commissioning phases presented challenges with equipment replacement from a 

mono-pump to a diaphragm pump which ultimately allowed steady plant operation. 
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As part of our process we engaged industry, community and other stakeholders with regards to our 

activities. The Almond Board of Australia field day was held on site and through presentations we 

were able to make the industry aware of out activities. Our shareholders and external stakeholders 

have been kept regularly up to date with the project through our annual reporting, and videos and 

interviews with the ABA on our initiatives will be released soon. This allowed us to meet our target 

of engaging over 20 individuals, the field day specifically providing 44 people with knowledge of 

our initiative. 

 

A project review showed that the main challenges we faced were equipment delivery and selection. 

In the future we would more closely consider where equipment is supplied from and the likely 

supply chain risks. We would also seek further clarification and input from other stakeholders on 

equipment selection given the challenges with the slurry pump. 

 

The future is positive for our project with the pilot plant to continue operations and optimization 

with the target being enough product for our orchards. We hope to collaborate to granulate and 

value add the solids component and perhaps in the future move to a full scaled facility. 
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SECTION 1: RESEARCH & DEVELOPMENT 

1. Initial Set Up 

 

Research was conducted that conceptualized this project to understand the product that could be 

produced through digesting almond hull in liquid with a chemical. Different chemicals were initially 

tried to assess what digestion outcome could be achieved. The key trials are outlined in Table 1. 

 

Table 1: Process Trials 

Trial 1 – Sulphuric Acid Trial 2 - Urea 

- Assess the potential for extraction of key 

nutrients. 

- Assess the extraction of trace elements. 

- Assess the final composition as 

compatible with a horticultural program. 

- Assess the S value in the final 

composition and how this contributed 

to the value of the final product. 

- Assess how the S impacted the final solid 

product and usability. 

- Assess the potential for extraction of key 

nutrients. 

- Assess the extraction of trace elements. 

- Assess the final composition as 

compatible with a horticultural program. 

- Assess N value in the final composition 

and how this contributed to the value of 

the final product. 

- Assess how the N impacted the final 

solid product and usability. 
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2. Outcomes 

 

The key findings from these trials were that: 

1. The urea had the potential for much better extraction of key trace elements as well as 

humates and sugars into the final solution. 

2. The urea contributed a usable nitrogen source to the final product. 

3. The urea reaction was a strong digestion reaction that resulted in good levels of trace 

nutrients, humic acid and sugars in the final product. 

4. The nitrogen source generated a final solid product that had effective levels of nitrogen and 

key elements. 
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SECTION 2: PRODUCT ASSESSMENT & 

MARKETING 

Part 1: Product Assessment 

The product that is being produced from the process on paper looks valuable with elevated levels 

of trace elements and nutrients. However, the availability of the nutrients in the solution is not 

known without actual process testing of the product. 

Elders were engaged to help assess the efficacy of the product and availability of the key nutrients. 

This was done through a glass house trial using tomatoes and wheat as the plants that the product 

was being assessed upon. The trial consisted of application of a standard chemical treatment for a 

control group as well as a separate group using the SHV developed product to supply the nutrients 

instead of that in the standard application. 

The plants were grown until they reached maturity with the wheat developing a seed head and the 

tomato’s coming to fruit. For wheat the heads were removed from the plant and the shoots were 

then removed from the roots. The mass of both shoots, roots and wheat head were assessed 

between each trial. For tomatoes the same was completed, however, in this case the fruit was 

separated from the plants. 
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The key conclusions drawn from each trial are as follows: 

Wheat 

- The time to head development was found to be shorter. 

- There was found to be improved dry shoot mass. 

Tomatoes 

- The time to flowering was found to be shorter. 

- The fruit set was better with better yields. 

- There was better fresh shoot mass, dry shoot mass and dry root mass. 

The results indicated that the product being produced in this process had available nutrients and 

was competitive at an agronomy level with equivalent products. This product however is organic 

and as such there are potential benefits to be assessed at the broadacre phase including soil 

mobility. Furthermore, benefits include lower cost as well as lower sovereign risk due to its local 

production. 

 

Part 2: Marketing Analysis 

The marketing analysis was completed to assess whether there were sufficient market segments for 

this product and determine where those market segments existed. The marketing analysis was 

undertaken by two external consultants, both focusing on key markets. 

The key conclusions that were drawn from the marketing analysis included: 

- There is a significant market available for N, P, K fertilizers in the region. 

- There is a broad market segment across a large range of commodities. 

- There is a market segments for both liquid and solid fertilizers that we can produce. 

- The price range of $0.50 to $0.80 was applicable, however, this comparison didn’t monetize 

the additional fungicidal and trace benefits of the product. 
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This analysis was valuable in that it provided us with a strong understanding that there would be a 

market for this product when produced. Further work would need to be done to assess the actual 

value of the product that could be realized. 
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SECTION 3: LABORATORY TRIALS & PROCESS 

REFINEMENT 

Part 1: Laboratory Trials 

Once it was assessed in the initial phase that there was value in the final product, laboratory trials 

were conducted consisting of three different trial phases altering input product size, product 

process agitation and product process timing. 

1. Product Sizing 

The first trial was conducted with whole almond hulls digested for 7 days. We felt that reducing the 

sizing of the material would increase the surface area and improve the overall reaction rate, both 

speeding it up and also improving the final product composition.  

The key findings included: 

1. By milling the hull, we were able to achieve a better final product composition after 7 days 

with this material. 

2. By using milled hull that was screened and using the smaller pieces, the final product again 

had an improved composition. 
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The conclusion that was drawn was that using smaller piece sizes into our reaction was going to 

improve the final product composition. It was also felt that a smaller piece size would make 

agitation viable as a process, and hence we moved to the next trial step of determining whether 

process agitation would be valuable to the process. 

 

2. Process Agitation 

The next variable that was trialed was agitation of the process while undertaking the extraction. The 

agitation process was done with a standard laboratory stirrer. The mix was generated, and the 

agitation started with the unit running at a fixed speed. The trials here considered an abbreviated 

time of 24- and 48-hour extractions. These extraction times were determined based on the desire 

to understand, under agitation, whether the same performance could be achieved in a significantly 

reduced time. The outcomes are as follows: 

The 24-hour extraction time was able to generate a product composition with no significant 

variance to that done with the longer time frame and no agitation. 

The 48-hour extraction time saw some increase in the key trace elements and humates, but nothing 

material. This indicated to us that perhaps we had reached an equilibrium regarding the extraction. 

 

3. Process Timing 

Throughout the trials the process timing was varied to determine the impact of timing of the final 

product composition. As outlined in the process agitation section. The purpose of varying the 

timing was to understand the ultimate total production that could be achieved with such a process. 

Longer timing was ultimately going to contribute to higher capital costs and increasing plant size 

later when moving to the pilot phase. 

 

4. Process Refinement 

Finally process refinement was considered, and the combined learnings were used to determine 

our optimal efficiency point. An extraction was completed using milled hull, agitated for a period 

of 24 hours. The product produced was analyzed, both liquid and solid. An equivalent run was 

completed for a 48-hour and 72-hour extraction. 
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The results of this process refinement were considered in line with what was deemed to be optimal 

for our orchards while also considering the additional net benefit achieved from the longer 

production run. It was determined that the 24-hour process time achieved a product of desirable 

quality and any further processing saw minor net overall benefit. 
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SECTION 4: PILOT PLANT DESIGN & 

ENGINEERING 

Part 1: Design 

The design of the pilot plant commenced post trial completion. The design was based on the 

requirements for agitation and a 24-hour time period. Knowing this it was possible to ascertain the 

proposed size of the facility needed. 

 

A search was made for companies that did treatment and processing of water and solids. Several 

companies were contacted and consulted. However, ultimately the decision was made to proceed 

with Hydroflux who had experience in large treatment systems and filter presses as well as being 

open to supporting a novel process which had no precedent. 

 

Samples of both the input product as well as a batched product and finished goods were sent to 

Hydroflux to assess what they would be able to do with the product. Hydroflux undertook several 

trials, first determining the optimal design for agitation. After assessing the flowability of the 

product and the settling characteristics is was decided to go with a stirrer to keep the product in 
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suspension coupled with a recirculation pump to prevent the product from settling in the tank 

during the reaction phase. 

 

The mixed product, post digestion was run through some further trials to assess what was the most 

appropriate dewatering option. After running through a screw press and a filter press, the filter 

press was deemed to be a more suitable option. This was chosen since better moisture removal, 

and as a result better cake dryness could be achieved using this method as compared to a screw 

press. 

 

Part 2: Engineering 

Once the final design component was completed engineering works were completed. A process 

flow diagram was developed showing key process equipment and steps followed by the 

development of a piping and instrumentation diagram which included all the control elements. 

 

The key external filter press was sized and sourced from overseas. The remaining equipment was 

purchased locally including the tank and pump and the skid unit was built in house. 
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SECTION 5: INTELLECTUAL PROPERTY 

Part 1: Intellectual Property Protection 

This process that was developed is unique regarding the extraction technique as well as the final 

finished product composition. We determined that we would seek IP protection for the process and 

product. 

 

The initial application was completed with the support of relevant IP lawyers, who also believed 

there was good reason to think the product and process were both novels. As a result, a global 

assessment was done, and the feedback provided was that the process was not novel. A review was 

conducted of the feedback, and it was determined that the process and product were not well 

understood by the reviewer and inaccurate comparisons were made between our process and other 

existing processes. In response we were able to clarify the key points and as a result the feedback 

received from global review was that both the process and product appeared novel and should be 

considered for patent protection. The patent submissions have been filed in the relevant 

jurisdictions and we are awaiting the outcomes from this. 
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SECTION 6: PLANT & EQUIPMENT 

INSTALLATION & COMMISSIONING 

Part 1: Plant Installation 

The plant installation commenced in August of 2022. The installation proceeded by locating the 

filter press and skid on a concrete pad that had already been installed, to ensure seamless 

interconnection of the two key packages. An air compressor was installed alongside the plant and 

air provided to the main plant. Power was provided to the plant. 

 

The installation process was straight forward with few related issues. The design of the package as 

to interconnecting skid units made install simple and seamless. 

 

Part 2: Plant Commissioning 

The site-based team proceed with commissioning in October 2022. This was done on site, without 

the support of the OEM due to issues with availability. 
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The plant operation process consists of the following key steps: 

1. The hull and chemical are loaded into the tank using a screw auger. 

2. The tank is filled with water to the desired volume being metered in using a water flow 

meter. 

3. The process agitation is started using the stirred, the recirculation pump and air. 

4. The process is run for 24 hours. 

5. The stirring is then stopped. 

6. The pump is stopped, and the valves are changed to send the product to the filter press. 

7. The pump is restarted to push the product through the filter press. The pump is operated 

on pressure control to manage the feed pressure to the filter press. 

8. The liquid phase moves to the tank. Once the filter press is full the pump stops and the 

press opens to empty. 

9. This process is repeated until the tank is empty. 

 

The initial batch was loaded to the plant and operation commenced. However, within a short period 

of time the recirculation pump blocked and tripped. The plant was unblocked and the process was 

recommenced with different pump process speeds, however, over a period of 2 weeks similar 

blockages continued to occur in the plant. The OEM was engaged to support fault finding on this 

issue, however, their advice related largely to piece size into the plant. The concern with changing 

piece size was that the plant had been designed with the given input in mind, and guaranteed. 

Further screening of the feed would lead to more processing steps, which where possible we wished 

to avoid. 

 

Hydroflux committed to returning to site to support program changes. Their engineer came to site 

and changes were made on the program including pump speed and the way the pump operated 

during pressing of the cake. While this resulted in fewer blockages it did not fix the issues of the 

filter press pressure rapidly coming up. 
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The continued blockages and performance of the plant raised concerns with the engineering team 

on site. We engaged external pump suppliers to seek some advice on the movement of slurries and 

discuss the key issues that were being experienced. These suppliers advised us that they felt that 

the mono-pump that was installed was not the right pump for both the slurry and also for use on 

a filter press. The suppliers all suggested a diaphragm pump would be a more suitable pump for 

our application. 

 

The team decided to also screen the feed. Even though this added an additional step to the process 

it was decided that existing equipment on site could be used for this and that the overall benefits 

would outweigh the additional work with improved extraction expected from the screened feed. 

 

A diaphragm pump was purchased and installed. The team on site commissioned this. Upon 

running this the operation of the plant was found to be significantly more reliable. The process ran 

for the recirculation period without any blockages. The process moved to the filter phase and the 

pump was able to control feed pressure to the filter press without any process problems. 
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SECTION 7: RECIPE TRIALS 

Part 1: Trials 

The recipe trials are part of a broader piece to understand the optimal recipe needed to produce 

product within specification. 

- Initially the trial started with 5 w/w% hull and 5%w/w urea. This operated successfully. The 

product produced however showed Polyphenols and Flavonoids below the optimal requirement. 

- The next trial was with 10% w/w hull and 105 w/w urea. This saw increased elements of 

interest, however still below what was produced in the lab. 

- Further samples are being run; this trial stage remains ongoing. The ideal situation is to find 

a recipe where the laboratory concentration used in trials. The recipe associated with this won’t 

necessarily be equivalent in the lab as the pilot plant has improved mixing, air agitation and smaller 

particle size. 

- An optimal recipe is still under generation. 
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SECTION 8: INDUSTRY ENGAGEMENT 

Part 1: Almond Board of Australia Field Day 

In conjunction with the ABA Select Harvests hosted an industry event on site. This event focused 

on circular economy initiatives being undertaken by Select Harvests as well as a focus on almond 

industry knowledge. Select Harvests used this forum to engage with our stakeholders about the 

circular economy. Outside of this project SHV has a cogeneration power station and a composting 

facility contributing to the circular economy. 

 

This was a new and novel process that we were working on, and while the facility was not on site at 

the time the presentations allowed SHV to cover off on this initiative and the benefits that we 

believed would arise from this. This initiative attracted 44 people to the presentations. 

 

Part 2: Corporate Reports 

In conjunction with other avenues, reporting through our annual reporting channels on our 

business activities as they relate to sustainability have been key. All recent reports (2 examples 

provided) given information to SHV shareholders and the general market on our business activities 

and the focus on the pilot plant development of our almond hull to nutritional fertilizer project. 
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Part 3: Interviews & Articles 

The ABA have been on site at Select Harvests conducting interviews regarding our sustainability 

initiatives. Mark and Guna were both involved in being filmed and providing tours for these 

presentations. These videos are articles will soon be released by the ABA. We plan to continue this 

collaboration with the ABA on new initiatives into the future. 
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SECTION 9: TARGETS, EVALUATION & 

OUTCOMES 

Part 1: Targets 

A key target for SHV was community engagement. As part of this an event with the ABA on site 

attracted 44 people to presentations. One of these introduced our guests to the novel process 

being developed by SHV around waste hull reuse and our approach to generating a more circular 

economy for our waste. 

 

Part 2: Evaluation 

The event was conducted on site and was followed by some informal discussion after the fact. From 

these discussions we were able to gauge that the session inspired 50% of people to consider more 

investigation into circular economy initiatives at their own site. This evaluation was only informal 

due to the nature of the event however we feel that even half of participants inspired to do things 

better environmentally will make a significant difference. 

 

Part 3: Outcomes 
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The key outcome that was driving the grant was to improve understanding and awareness of 

circular economy initiatives. This has been achieved through formal measurable actions and less 

formal ones as follows: 

1. The field day on site showing what can be achieved, the discussions as well as the 

information provided to attendees. 

2. Interviews on site with the likes of the Almond Board of Australia who are brining awareness 

to our initiatives to a large audience. 

3. Visits and tours with the head and representatives from the California Almond Board who 

showed a great interest in our technology. 

4. Regular reporting to our stakeholders on the work being conducted in this space. 

 

However, outside of this SHV and a passionate team went into this wanting to prove that we could 

develop, scale and make successful a new technology with product that could be commercialized. 

The key targets included: 

1. Optimising our recipes to get the most value out of our product, a passion of Gunas. 

2. Building, installing and successfully commissioning a plant, doing something no one has 

done before. A task that fell the Josh Mewburn the SHV Engineering Coordinator who was 

extremely successful and passionate about this target. 

3. Reducing the risk of managing hull on site through an alternative reuse project. 

4. Ultimately proving the efficacy of our product which the team did with the glasshouse trials. 

Finally, we hope in the future to report that we have successfully converted 10,000tpa or more to 

product that can provide a valuable organic fertiliser with better performance and lower soil 

mobility. The team want to produce something the makes our environment better. 
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SECTION 10: CHALLENGES, ISSUES & RISKS 

Part 1: Equipment Delivery 

Delivery time related to products from overseas pushed the project time frames out. During this 

period, we were then required to refine our deliverables, extend time frames and move forward 

with other key components of the project which were waiting for the equipment. In the future we 

will further understand equipment supplier selection and location to ensure delivery risks are not 

as high as they were. Noting this was impacted by COVID, it is not unreasonable to think other 

geopolitical risks could be encountered in the future that could lead to similar delays. 

 

Part 2: Equipment Selection 

The circulating pump used on the system was for both circulating and the filter press. The final 

pump selection was not correct which led to blockages in the pump. The pump selection was 

completed by the OEM, however, we did not seek advice from any other suppliers. In the future we 

would seek multiple designs and quotations being mindful that if different suppliers selected 

different equipment there would lead us to seeking further information to understand why. 
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SECTION 11: FUTURE PLANS 

- We intend to continue to operate the plant with a focus on getting an optimal recipe 

followed by maximizing the production from the plant. 

 

- We plan to undertake wider broad scale trials within our own orchard before moving to 

make sufficient product to include this as a standard component in our fertigation program 

for all our orchards. 

 

- We intend to collaborate with an external partner to trial granulate the solid material, 

perhaps moving to an agreement for supply of the material to them. We also plan to 

collaborate on the supply of liquid products as available. 

 

- We hope in the future that we can build a market presence that will lead to a larger facility 

which maximizes the hull and shell waste reuse. 
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CONCLUSION 

Select Harvests team developed a circular process for reuse of almond hull and shell in a digestion 

process to produce a solid liquid fertilizer. The process was first trialed in the office before further 

work was done at a lab scale varying product sizing, agitation, and reaction timing to assess whether 

the production at this scale was replicable. The production at this stage was found to be replicable 

with effective extraction. Furthermore, it was determined that agitation and smaller input product 

sizing allowed the required reaction timing to be reduced significantly. 

The product analysis and marketing phases consisted of determining whether the output product 

could be used and whether there was a market. Glasshouse trials determined product efficacy on 

wheat and tomatoes with improved yields and plant health. The marketing analysis showed that 

there were adequate market options for this product. 

The engineering and design phases were conducted in collaboration with Hydroflux with key trials 

determining vertical mixer, recirculation pump and filter press would be the optimal set of 

equipment for our process with a final process flow being developed. 

In conjunction with these phases, we sought IP protection with the ultimate assessment being that 

the process and product could both be considered novel. Final IP is awaiting sign off. 

The construction phase was straight forward, with few issues. The commissioning of the plant 

presented several challenges in relation to blockage of the recirculation pump. Ultimately it was 

decided to reduce the particle size to reduce blockage risk and change to a diaphragm pump which 

was felt better for use on the type of slurry. This proved to be effective. Finally, trials were conducted 

with different input mixes of solid and liquid to find the optimal range a process that will continue 

to be ongoing as we work through the process. 

 

As part of our process, we engaged industry, community and other stakeholders with regards to 

our activities. The Almond Board of Australia field day was held on site and through presentations 

we were able to make the industry aware of our activities. Our shareholders and external 

stakeholders have been kept regularly up to date with the project through our annual reporting, 

and videos and interviews with the ABA on our initiatives will be released soon. This allowed us to 

meet our target of engaging over 20 individuals, the field day specifically providing 44 people with 

knowledge of our initiative. 
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A project review showed that the main challenges we faced were equipment delivery and selection. 

In the future we would more closely consider where equipment is supplied from and the likely 

supply chain risks. We would also seek further clarification and input from other stakeholders on 

equipment selection given the challenges with the slurry pump. 

 

The future is positive for our project with the pilot plant to continue operations and optimization 

with the target being enough product for our orchards. We hope to collaborate to granulate, and 

value add the solids component and perhaps in the future move to a full scaled facility. 

 

 

 

 


