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Executive summary 

Anaerobic digestion (AD) is rapidly expanding worldwide due to its numerous benefits 
covering both sustainability and energy generation. Reports have indicated that waste-to-
energy facilities could produce enough electricity and heat to power a large amount of UK's 
renewable energy. Looking beyond the UK, the European biological waste-to-energy market 
alone is estimated to reach $3.6 billion in 2016 highlighting the increasing value of this 
industry. 
 
AD processes produce a large amount of waste liquor or liquid effluent called digestate. The 
AD process locks in the feedstock nutrients (e.g. from food waste, biomass or cattle slurry) 
in digestate. The value of this product is underrated but, in most cases, it offers very 
significant agricultural and environmental benefits.  
 
The most common use for liquid digestate is as a raw liquid fertiliser whereby it is sprayed 
on crops on farmland. However, this has associated problems of run-off, leaching and 
eutrophication of water courses. This is further compounded by regulations which govern 
storage as well as the direct application of the digestate onto fields. Typically the AD plant 
has to contain the liquid for a number of weeks before disposal – this requires a high capital 
investment for large storage facilities. Other methods of dealing with the waste include the 
liquid being disposed of via wastewater treatment plants before being discharged into 
natural water bodies. However, this is costly and results in many of the nutrients within the 
liquid not being recycled or reused in nature. It has been estimated that this issue of 
disposing the increasing amounts of AD waste produced is likely to worsen with the 
increased capacity in AD technology forecast. These simple disposal techniques are 
unsustainable, placing further pressure on the industry and diminishing its green credentials. 
 
AD Fertiliser Technologies (ADFerTech), a Queens University Belfast spin-out, has developed 
methods to convert AD waste liquor into an organic granular fertiliser and clean liquid. We 
propose a full-scale prototype device whereby AD liquor nutrients are concentrated and 
processed using readily available materials into a solid granular fertiliser. Specifically, the 
novel bolt-on solution involves fertiliser nutrients from AD liquor being concentrated and 
adsorbed onto processed substrates, allowing for a significant multi-component adsorption. 
The process has been shown to remove majority of the nutrients allowing for safe and easy 
disposal of clean effluent water. The granular material is of high value – directly displacing 
mineral N-P-K fertiliser and allowing valuable nutrients to be recycled back into the fields. It 
is usually suitable for organic farming, can improve soil fertility, provides valuable plant 
nutrients in an available form and can be stored and transported easily. 
 
Mineral fertiliser is produced from fossil fuels so has a high carbon footprint and a monetary 
cost reflecting the fluctuating oil price. AD digestate is produced locally, has a low carbon 
footprint and predictable production costs, reducing expense to farmers and minimising 
greenhouse gases. Synthetic fertiliser represents a significant agricultural sector cost, but our 
product can compete on nutrient capacity and storage/handling properties with expensive 
imported inorganic fertilisers on which the UK spends over £250m a year. In addition, the UK 
urgently needs to reconsider its N-P-K recycling. Phosphorus is a scarce finite resource on 
Earth and according to some researchers, the planet's reserves are expected to be 
completely depleted in 50–100 years, devastating crop growth and food security. 
 
There is no other product or bolt-on device that can provide the AD plant with a value-
added, multi-nutrient fertiliser like ADFerTech while at the same time providing a low-cost 
and sustainable water treatment system. 
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1.0 Introduction and background 
 
1.1 What problem/issue are we addressing in the AD industry? 
 
Anaerobic digestion (AD) is the term applied to the process of the biological breakdown of 
organic material in the absence of oxygen. During the process organic matter such as food 
waste is broken down by microorganisms and this generates two primary products: biogas 
and digestate (this is further divided into liquor and solid organics). The biogas is then used 
to generate renewable energy. This is typically done via combustion to form heat, electricity 
or both. Alternatively, biogas can be cleaned up (by removal of carbon dioxide and other 
gases) and the pure methane injected into the mains gas grid or used as a fuel. Digestate is 
made from left over water, indigestible material and dead micro-organisms. It contains 
valuable plant nutrients like nitrogen, phosphate and potassium (N-P-K) and other minerals. 
The solid fraction of the digestate is full of fibre and is often used as a soil improver / 
fertiliser or cow bedding. 
 
AD processes produce a large amount of waste liquor – typically the liquid represents a 
volume of 80-95% of the original feedstock (depending on the water content of the 
feedstock). One use of AD liquor is as a fertiliser by simply spraying the liquid on land over 
crops. However, the concentration of nutrients is usually varied and low, and there are 
regulations which govern direct application of the digestate onto fields with associated 
problems of run-off and eutrophication of water courses – i.e. any nutrients not immediately 
taken up by the crops can enter into water systems causing pollution. In eutrophication, a 
water system becomes enriched with nutrients. This can lead to excessive growth and decay 
which, in turn, further imbalances the aquatic ecosystem. For instance, algal blooms can lead 
to a depletion of oxygen which can kill fish and microorganisms.  
 
In addition, there are other problems. Typically the AD plant has to contain the liquid for a 
number of weeks before disposal – this requires a high capital investment for large storage 
facilities. This is further compounded by regulations which govern storage as well as the 
direct application of the digestate onto fields. There have now been three (2010, 2011 and 
2012) wet summers in a row in the UK and many farms/plants have simply not been able to 
use all the material so it remained in the storage tanks or was disposed of at high cost in 
sewers or via wastewater treatment plants which also wastes vital nutrients. 
 
It has been highlighted that the issue of disposing of increasing amounts of digestate is likely 
to worsen due to a projected increase in AD capacity. The disposal techniques previously 
mentioned are unsustainable, diminishing AD‟s green credentials and placing further 
pressure on the industry to find suitable and low-cost alternatives for either utilising 
digestate or enhancing it. At present there is no commercial treatment process specific for 
AD liquor – other waste water solutions such as aeration and membrane bioreactors 
(typically used in reverse osmosis or for dewatering) are too expensive and energy-intensive. 
 
We have developed methods to convert the waste liquor from AD into a low-cost, organic 
granular fertiliser. The nutrients contained within the AD waste liquor are concentrated onto 
solids to higher levels which can be stored and transported easily, and later used as a 
fertiliser. We are in the process of building a bolt-on device, which, when attached to a final 
processing stage, can convert the liquid waste into a granular fertiliser. The remaining liquid 
will be of such low nutrient and organic quality that it can be easily disposed of via 
wastewater or discharged into natural water bodies. The system will be designed to avoid 
any changes or modifications to new and existing AD plants and their processes. 
 
We hope that the final product could provide an alternative to the energy intensive, 
expensive synthetic fertilisers. The synthetic fertiliser represents a significant input cost to 
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the international agricultural sector. The cost of synthetic fertiliser production is directly 
linked to fossil fuel prices and these costs have almost doubled in the last two years due to 
high phosphate and natural gas prices. The world demand of fertiliser is expected to rise 
with the increase in the demand for food putting pressure on the world‟s finite phosphorous 
reserves. 
 
1.1.1 AD products 
 
As mentioned above, the two primary products from AD are biogas and digestate (which is 
divided into liquor and solid organics). The average digestate production from manures is 
one tonne of digestate per tonne of feedstock, though this varies with the dry weight 
percentage. Municipal and industrial wastes tend to generate less digestate due to the lower 
moisture content of the waste and greater loss through biogas production. Food waste 
digestion from municipal collections gives a product of 83% digestate together with 17% 
biogas. Average biogas production is 140 m3/tonne of municipal organic household waste; 
agricultural residues/waste generate much less at an average of 15 m3/tonne. AD in the UK 
generates 277,000 tonnes/year of digestate (this includes 50,000 tonnes/year from municipal 
kitchen/food waste), although the proportion from agricultural and commercial/industrial 
sources is uncertain1. 

 
1.2 Objectives of the study and aims for the proposed demonstration (Phase 2) 
 
The overall aim of our work is to develop our existing AD granular fertiliser technology to a 
stage whereby it can be sold as a standalone, self-sufficient bolt-on device to new and 
existing AD plants. The main objective of the DIAD feasibility study was testing the 
technology for the removal of nutrients from large volumes of AD digestate liquor thereby 
turning it into a value-added product. This involved showing that a granular fertiliser could 
be produced on a pilot plant scale (up to 100kg batches). Other project aims were to 
optimise the process and characterise the product in terms of product size distribution, yield, 
strength and nutrient release profiles. 
 
The main aims of the AD bolt-on technology are: 

Â to remove as close to 100% of the nutrients as possible (i.e. N-P-K and other 
inorganic/organic compounds) in the form of a granular fertiliser which can be later used; 
and  

Â to improve the nutrient removal so that the resultant processed wastewater can be 
disposed of in natural water bodies or sewers without having to be treated by a 
subsequent process (i.e. a significant lowering of the BOD/COD).  

The feasibility Phase 1 was to ensure that the methods developed in the laboratory were 
suitable for transfer to a range of large-scale production plants using a variety of feedstock. 
To achieve this we purchased larger components to our system in order to test the scaling-
up of the technology. Phase 1 of the project was aimed to be centred on, and guided by, the 
performance characteristics from digestate liquid supplied by our AD partners. 
 
This WRAP-funded study allowed us to establish the detailed technical feasibility of the 
technology and quantify the estimated benefits. We aimed to test scaling-up of the 
technology to enhance the digestate and optimise the processes, in parallel, to be later 
developing into a prototype device. We firmly believe that this technology can greatly assist 
the creation of a safe, sustainable and profitable AD industry. 
 

                                           
1  Hogg D, Barth J, Schleiss and Favoino E, 2007. Dealing with food waste in the UK, WRAP. 

 http://www.wrap.org.uk/document.rm?id=3603  

http://www.wrap.org.uk/document.rm?id=3603
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Phase 2 demonstration funding will be used to test these designs and adaptations and build 
the first prototype. Our aims for the Phase 2 are to design and build for a low-cost, easy-to-
install, low-maintenance, mass-manufactured and adaptable device which could be used with 
various feedstock and to complete the liquid-into-solid fertiliser process. For this 
demonstration development we hope to work with QUB‟s Chemical Engineering Dept. and 
our local partners in N. Ireland, Williams Industrial Services (WIS) and B9 Organic Energy.  
 
1.3 Introduction to the technology 
 
1.3.1 The origins of technology 
 
Researchers at Queen‟s University, Belfast (QUB) developed methods to convert the waste 
liquor from AD into an organic granular fertiliser. The nutrients contained within the AD 
waste liquor are concentrated onto solids to higher levels which can be stored and 
transported easily, and later used as a fertiliser. The project was originally funded by Invest 
Northern Ireland (InvestNI) as part of PoC 131 – Granular Organic Fertiliser from AD Liquor. 
InvestNI runs a Proof of Concept (PoC) programme that supports pre-commercialisation of 
leading-edge technologies emerging from N. Ireland‟s research organisations. The project 
demonstrated proof of principle and foundation for the technology which led to a patent 
filing. The company has since spun out of QUB into AD Fertiliser Technologies Ltd. 
(ADFerTech) company registration no. NI617656. 
 
The QUB team were first approached to find a solution whereby nutrients from the AD liquid 
could be removed to be recycled and the volume of the liquid could be reduced or easily 
discharged. The team proposed an innovative approach whereby the nutrients contained 
within the AD liquor are concentrated and adsorbed onto powdered adsorbents, which are 
then processed to form a granular fertiliser. Specifically, the solution is provided by a process 
whereby fertiliser nutrients, nitrogen, phosphorous, potassium (N, P and K) from AD liquor 
are concentrated and adsorbed onto powdered processed substrates, which allows for a 
significant multi-component adsorption of nutrients. The powdered substrate containing the 
nutrients within its pore structure is then agglomerated in a granulation process using 
organic binders to produce a hard granular fertiliser that can be stored and transported 
easily. The remaining liquid is then of a low nutrient content to aid simple and less costly 
disposal. 
 
1.4 The benefits of the technology 
 
The invention solves the problem of the disposal of waste liquor from AD processes by 
adsorbing nutrients onto a powdered adsorbent which is then processed to form a granular 
fertiliser. Basic nutrient adsorption technology from organic waste is currently used in 
developing countries using straw and rice stalks. However, our substrate treatment 
technology offers distinct advantages over the application of these existing methods, to 
summarise, our technology:  

(i) Has higher capacity of nutrients than other adsorbents;  
(ii) Capable of being granulated; and 
(iii) Presents a novel method that allows for a significant multi-component adsorption 

of nutrients providing the fine tuning of nutrients resulting in different N-P-K 
ratios and release rates. 
 

One of the advantages of our technology is that nutrients from the AD liquor adsorbed onto 
the solid core material are released more slowly. This is in contrast to known methods in 
which the nutrients from the AD liquor are sprayed onto the crops in liquid form or leach 
freely from their solid support. A further disadvantage of simply spraying AD liquor over 
crops is that the liquid fertiliser has to be repeatedly applied to the crops. This is because 
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there is no control release mechanism of the nutrients from the effluent. In addition, 
granules are easier to handle with crops than small particles. For example, powders have a 
tendency to be blown away from target sites, and are easily washed away. Moreover, the 
risks that are associated with the handling of fine materials, for example inhalation, are 
reduced. Granules also have enhanced flow properties when compared to small particles. For 
instance, small particles have a greater tendency to cake and stick than granular materials. 
This makes the granular fertiliser easier to apply to field using mechanical spreaders than 
powdered fertilisers. 
 
We aim for our prototype design to avoid any changes or modifications to current AD plant 
processes. Competing AD liquid digestate solutions have focused on standard wastewater 
treatment processes involving dewatering, aeration, membrane bioreactors or filtration – all 
too expensive, energy intensive and often with no nutrient recovery. We have a completely 
different approach, viewing digestate as a source for low-cost nutrient reuse rather than a 
waste product. Our innovation transforms a problematic waste stream from an expanding 
industrial sector into a valuable product with many benefits. Moreover, there are no AD 
treatment systems currently available that will produce granular fertiliser and our technology 
is already in commercial demand. 
 
1.4.1 The ADFerTech final fertiliser product 
 
The ADFerTech material is an excellent product – directly displacing synthetic fertiliser. 
Mineral fertiliser is produced from fossil fuels so has a high carbon footprint and a monetary 
cost that reflects the fluctuating price of oil. AD digestate by comparison has a low carbon 
footprint and predictable production costs. The AD process locks in the nutrients 
concentrated in the digestate material. The value of this fertiliser product sometimes appears 
to be underrated but, in most cases, offers very significant agricultural and environmental 
benefits. The solid fraction of the digestate is full of fibre and is regarded as a potentially 
valuable soil improver. Many farmers use it as cow bedding and fertiliser. 
 
There are a number of products on the market which are sold as organic soil improvers, soil 
conditioners or fertilisers. Examples of these products include: 

Â Scotts Sportsmaster Organic Fertiliser produced by Scotts, UK 

Â Bone Meal Organic Fertiliser produced by Elliots, UK 

Â Fish, Blood & Bone Organic Fertiliser, J. Arthur Bowers, UK 

Â Fertech PERK, produced by PERK, UK 

Most of these products are sold to a wide range of customers: farmers, home growers, 
garden owners and nurseries. The products are also sold to some customers whose core 
business is not crop production, for example, landscape operators, horticultural sector and 
the sport industries. Some of the products are sold directly to the consumers whilst others 
are sold indirectly, for instance, through distribution and retail outlets like B&Q and other 
stores. We do not see these products as competition as none of them are produced from AD 
digestate. Our product has distinct advantages over organic soil improvers as it is low 
carbon, fully green, locally developed and will lower the £250m annual spent on synthetic 
fertiliser by UK farmers. We are confident that our AD digestate fertiliser has a large 
underserved market and could compete with these above products. 
 
As a market competitor, synthetic fertiliser represents a significant cost input to the 
agricultural sector directly linked to costs of fossil fuels. Such fertiliser costs have risen by 
over 100% in the past year, which significantly increases the market potential for an organic 
granular fertiliser that has high nutrient capacity and similar storage/handling properties; 
compared to expensive imported commercial inorganic fertiliser on which the UK spends over 
£250m a year. 
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To summarise, the benefits of our technology include:  

Â Process can be adapted for waste liquors from a range of AD feedstock. 

Â Process can potentially remove nutrients allowing for safe and easy disposal of clean 
effluent water.  

Â Transforms a problematic waste stream from an expanding industrial sector into a 
valuable and locally developed "green" and organic product, adding to the considerable 
benefits associated with AD.  

Â No AD liquor treatment systems are available that produce granular organic fertiliser.  

Â System can be seen as a bolt-on end-of-process technology for existing and new AD 
plants / users.   

1.5 How the proposed demonstration project meets DIAD‟s desired outcomes 
 
The AD process produces a large volume of liquid effluent called digestate – typically the 
liquid represents a volume of 80-95% of the original feedstock (depending on the water 
content of the feedstock). The AD plant has to contain the liquid for a number of weeks 
before disposal – requiring capital investment for storage facilities and transportation.  
 
Liquid digestate has a negative impact on AD sustainability since it typically costs money to 
treat before being at a permissible quality to discharge into natural water bodies. Currently 
this waste stream is used as a liquid fertiliser on land. However, the concentration of 
nutrients is usually varied and low, and there are digestate spreading regulations in order to 
control nutrient run-off, leaching and nutrient pollution of water courses. With increased 
capacity in AD technology forecast, these simple disposal techniques are unsustainable and 
lead to unnecessary expense. At present there is no commercial treatment process for AD 
liquor allowing for complete nutrient recovery.  
 
Our invention solves the problem of disposal of waste liquor from AD and turns it into a high 
value low carbon footprint product, thereby improving an AD facility and potentially providing 
AD plants with an additional source of revenue through selling or distributing the fertiliser to 
farms where farmers can then use less expensive synthetic fertiliser on their fields. Our 
technology is particularly appropriate for the “Processing and Enhancing Digestate” area 
focus as our processing technology enhances the digestate liquid by turning it into a solid 
fertiliser which will increase the value and usefulness of digestate enormously.  
 
This Phase 1 Feasibility Study has allowed us to establish the detailed technical and financial 
feasibility of the technology and quantify the estimated benefits and costs. We have tested 
the scaling-up of the technology to enhance the digestate and provided proof of market in 
parallel. We firmly believe that this technology can greatly assist WRAP‟s mission to create a 
safe, sustainable and profitable AD industry. 
 
1.6 The ADFerTech company structure 
 
The QUB spin-out company AD Fertiliser Technologies Limited was registered on 2 April 2013 
and incorporated as a private limited company with shares in Northern Ireland, UK under 
Company No. NI617656. The rights and privileges of shareholders are stated in the 
company's Articles of Association. 
 
QUB is a member of the Russell group Universities and is committed to highest level of 
academic excellence in both teaching and research. Research at Queen's is focused through 
a formal framework of Research Clusters and Interdisciplinary Forums, each led by an 
established research leader. There are twenty research-led Schools, comprising over 75 
research clusters. The technical team involved in this project are members of the Innovative 
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Molecular Materials (IMM). The IMM‟s work is focused on understanding, characterizing and 
controlling the properties of molecular materials, many of which have mesoscale (nm - mm) 
structure. 
 
The executive management of the company is as follows: 
 
Dr Quinton Fivelman (CEO) is an innovation and commercialisation strategy expert. He has a 
range of business development consultancy experience in start-up life science, biotech, IT 
and cleantech ventures. He has worked across government, business and the research 
community in several IP management and commercial due diligence projects. Quinton brings 
a wealth of expertise in AD technology market assessment and is responsible for guiding and 
managing the project's innovation and commercial IP strategies. Quinton works as a 
consultant at IP Pragmatics and Q5 Enterprises, companies specialised in cleantech IP 
commercialisation and independent market assessments and due diligence, including 
assisting with spin-out formation, fundraising and licensing deals. 
 
Dr Chirangano Mangwandi (CSO) is a Lecturer in Chemical Engineering in the School of 
Chemistry and Chemical Engineering at QUB. Before joining QUB he was a member of 
Sheffield University Granulation Research Centre (SUGaR). He did his PhD in Chemical 
Engineering with the University of Sheffield focusing of production of particulate products. Dr 
Mangwandi has written several papers on particle technology. He has reviewed several 
papers of The Chemical Journal Engineering Journal and Chemical Engineering Journal 
Transactions. Dr Mangwandi is also an Associate Member of Institute of Chemical Engineers 
and a member of The Particle Technology Subject Group of IChemE.  
 
Prof Gavin Walker (Director) is a Professor of Chemical Engineering in the School of 
Chemistry and Chemical Engineering at QUB and has been awarded the Leverhulme Trust 
Senior Research Fellowship by the Royal Academy of Engineering, identifying him as one of 
the top engineering researchers in the UK.  He is an academic member of the recently 
created QUB research cluster Innovative Molecular Materials (IMM). Dr Walker‟s particular 
interests involve mathematical aspects of materials technology and pharmaceutical 
processing. He is currently a grant holder for EU and UK Industrially funded projects.  He is 
the author of over 150 publications in international journals and conferences, and has filed 
four patents on materials engineering.  Dr Walker is on the editorial board of several 
chemical engineering journals and is currently associate editor of The Chemical Engineering 
Journal. 
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2.0 Technical appraisal of the technology and Phase 1 methodology 
 
2.1 The ADFerTech process method 
 
The patent pending process of producing the ADFerTech organic fertiliser from AD liquor is 
summarised in Figure 1 below. There have been a number of adjustments and variations, 
although the overall process remains very similar. 
 

 
 

Figure 1 A flow chart summarising the ADFerTech fertiliser production process. 
 
The first step of the method is an adsorptive process. In this process particulate adsorbent 
substrate is contacted with AD liquor. Nutrients from the AD liquor are adsorbed onto the 
particles. Following adsorption, in the second step, nutrient-laden particles are dried to 
remove the excess moisture. Next, in a third step of the method, there is an agglomeration 
process. In this step dried nutrient-laden particles are formed into granules of a target size 
using a high shear granulation technique. As part of the agglomeration step, a polymeric 
binder is added as a solution to the particles. The product of the third step is a wet product 
and therefore, in a fourth step of the method, the wet product is dried to less than 3% 
moisture. Following drying, in a fifth step of the method, is a screening process. In this 
process the dried granules are passed through a set of sieves to remove undersized (fines) 
and over-sized (coarse) granules from the product. The undersized granules are recycled to 
step three of the method, for use as feed to the agglomeration unit. The oversized granules 
are crushed before also being recycled back into step three as feed for the agglomeration 
unit. 
 
The agglomeration, drying and screening processes are repeated until sufficient granules in 
the desired size range have been obtained. In the sixth step of the process the granules are 
coated with suitable materials. The seventh step of the process includes packaging. In this 
step the coated granules are packaged into containers of suitable size and dimensions for 
the finished fertiliser. 
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2.2 Overview of Phase 1 methodology and results 
 
The main objective of the Phase 1 project was scaling up the technology for removal of 
nutrients from large volumes of AD digestate liquor turning it into a value-added product and 
resultant processed wastewater can be disposed of without having to be treated by a 
subsequent process. The other aims were to show that a granular fertiliser could be 
produced on pilot plant scales (up to 100kg batches) and to propose and test designs for the 
prototype device. Some of the other project aims were to optimise the process and 
characterise the product in terms of product size distribution, yield, strength, adsorption and 
nutrient release profiles. We had to ensure that the methods developed in the laboratory 
were suitable for transfer to a range of large-scale production plants using a variety of 
feedstock. To achieve this we purchased larger components to our system in order to test 
the scaling-up of the technology. Phase 1 of the project was aimed to be centred on, and 
guided by, the performance characteristics from digestate liquid supplied by our AD partners.  
 
This work supported and confirmed our earlier research results which showed that it is 
possible to produce an organic fertiliser product by granulation of limestone powder using 
the digestate for AD process. Using the novel adsorbent process, in the past we have 
demonstrated a high uptake capacity (250mg of N per g of dolomite and 300mg of P per g 
of dolomite) which is approximately 10 times the capacity of other currently used natural 
adsorbents.  
 
The granulation process itself is non-trivial as it is influenced by a number of process 
variables, for instance, the impeller speed, binder flow rate, fill level and residence time. 
Moreover, the choice (and quantity) of the binding agent, either AD liquor or a combination 
of liquor with organic cellulosic materials (e.g. CMC), is critical as this significantly affects 
product granule strength and quality. This was investigated in detail using the granulation 
system developed for this project with varying results. 
 
In Phase 1 adsorption experiments were carried out using different mineral adsorbents. We 
also tested variations of the granulation component which is the key part of the system. The 
objectives of these experiments were to test the feasibility of adsorbing nutrients using large 
volumes of digestate from AD plants using different feedstock. Our previous granulation 
work has been based on use of digestate from a single supplier – Agriculture, Food and 
Biosciences Institute, Northern Ireland (AFBI). Three different digestate types from different 
suppliers (Monsal, REACT Environmental and AFBI) were tested. The difference between 
these types of digestate is the feedstock used in the AD plants; food waste is used as 
feedstock for the first two, whilst farm waste for the third.  
 
Positive results were obtained but because of the differences in the feedstock used in the AD 
plants the digestate from the different suppliers had different nutrient composition and also 
physical properties. These differences also meant that different binder addition methods had 
to be employed during the granulation step.  
 
Trial granulation experiments were performed in large-scale mixers with a capacity of 100 
litres. Mixed results were obtained here: spherical strong granules were formed in the large-
scale mixer within a minute of addition of the materials to the mixer. However, the yield was 
lower than produced under lab-scale conditions in high-shear mixer due to overgrowth of the 
granules – a significant fraction of the granules were larger than the required size. The 
product size distribution was found to be dependent on binder addition rate and binder 
characteristics.  
 
In Figure 2 below the AD process is shown in more detail along with photographs of the 
resultant granules. 
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Figure 2 Position within the AD process where our technology would sit (left) with photos of 
the resultant granules (right). The grey shaded AD process is shown producing biogas and 
digestate. Liquid digestate is processed (blue shading) and the result is solid fertiliser and 
clean wastewater minus nutrients. 
 
Through this project we have gained a great deal of knowledge and formed a number of key 
partnerships, all of which are already showing fruition. The WRAP funding enabled us to put 
together a top team to investigate the scaling-up work, meet with many AD companies and 
hire a specialist cleantech consultant to develop a business plan and strategy. 
 
In terms of the lab work, we have learned in detail about scaling-up of the granulation 
process and moving from a small bench-top system to a large granulator. The complexities 
involved in moving to such a system have resulted in a few necessary tweaks and 
methodology adjustments in order to obtain the granules at the right size, shape and 
nutrient components. We have also been able to assess the increased adsorption ability of 
the substrates used which is allowing us to formulate methods to improve the amount of 
nutrients that will remain in the granules. The two PDRAs and their hard work would not 
have been possible without the support. The team has benefitted from this project in 
understanding the process in more detail which has allowed us to redesign the prototype 
and system components. 
 
From the business and commercialisation side, the DIAD award allowed us to hire a 
consultant to meet with AD companies to gain support and co-operation. The companies 
were very keen to play a role and three are now supplying AD digestate as evidence of their 
high interest. We learned a great deal about the AD market and all the market players in the 
UK and internationally. Discussions with experienced B9 Organic Energy‟s and Williams 
Industrial Services‟ specialists progressed so far to us agreeing to bring together the 
university team, the start-up company, an experienced engineering company and an AD 
plant manufacturing company.  
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The proposed consortium is perfectly poised to build and test the prototype at a fully 
functioning AD plant. This consortium also provides a potential route to market with a device 
manufacturer and AD partner on board to assist with the production and sales of the 
devices. 
 
2.3 Phase 1 tasks and associated outputs 
 
The Phase 1 proposed tasks, deliverables and associated outputs were as follows: 
 

Â Task 1: Granulator Design and Commissioning.  
 
Deliverable: A design of granulator which can be used for Phase 1 feedstock trials. Building 
the system and ensuring that it can be easily adapted to other AD systems. 
 
Achieved: We have developed a number of potential granulator and adsorption unit designs 
to take forward to Phase 2. In this Phase 1 we tested variations of the granulation 
component which is the key part of the system. We have identified designs that are suitable 
to take forward, although these have not all been fully tested. 
 

Â Task 2: Preliminary Tests.  
 
Deliverable: Successful production of granular product using the scaled-up system pilot 
granulation plant in a variety of conditions and with different feedstock consistencies.  
 
Achieved: Adsorption experiments were carried out using different powered adsorbents. The 
objectives of these experiments were to test the feasibility of adsorbing nutrients on the 
above mentioned material using different digestate formed from AD plants using different 
feedstock (food waste, cattle slurry, etc.). Positive results were obtained. There were a 
number of issues regarding the size of the granules which we will solve in Phase 2. 
 

Â Task 3: Product characterisation and testing.  
 
Deliverable: Report showing the product specifications in terms of product yield, strength 
and nutrient release profiles. This will be done on each batch of granular product. 
 
Achieved: This was performed and adsorption results collated. Testing was achieved with all 
products. There was a range of yield and adsorption values produced depending on the 
method of granulation – some more desirable than others. We are hoping to further research 
this in order to clearly identify the cause so we can maximise uptake. No nutrient release 
files were able to be completed during the Phase 1 study. 
 

Â Task 4: Sensitivity analysis, system optimisation and Phase 2 design 
 
Deliverable: Development of a protocol to be used for production of the granules in the 
prototype granulating device to take forward to Phase 2. 
 
Achieved: The protocol has been addressed and developed. As we have used a wide range 
of feedstock, we are in the process of developing protocols specific for each feedstock. No 
new IP has been created in Phase 1 although we have considered new IP which could be 
further developed in Phase 2 with further designs, tests and confirmation. We would aim to 
protect this if suitable but at this stage it is not certain. 
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Â Task 5: Proof of market, commercialisation quote for device manufacture, 
feasibility report writing, business plan writing and spin-out formation  

 
Deliverables: Market assessed and route to market identified. Feasibility report written for 
Phase 2. Rough quote obtained from device manufacturing partner. Spin-out company terms 
agreed and business plan drafted. 
 
Achieved: The market was fully assessed and various routes to market identified. We held 
many meetings with a number of AD device / plant manufacturers and now have a group of 
very interested parties on board who are able to contribute and support this project in Phase 
2 and are committed to purchase. The company has been spun out and we have an outline 
quote for the full prototype development. 
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3.0 Evaluation including Phase 1 results 
 
3.1 Overview of results from Phase 1 
 
In Phase 1 we established the detailed technical feasibility of scaling up the technology and 
quantified the estimated benefits. We tested device components to optimise granule 
formation and enhance the nutrient adsorption process for a prototype device, in parallel. 
Results from the adsorption experiments can be seen in the graphs below.  
 
Experiments were performed to remove N-P-K nutrients from AD liquor by different 
suppliers: Monsal, REACT Environmental (Burdens) and AFBI. Different powder substrates 
were tested as possible candidates for use as low-cost adsorbent material within the pre-
prototype granulator unit.  
 
The first task was to ascertain the levels of N-P-K in the different AD liquors which varied 
widely, particularly for P and K. For all the three AD liquors P removal was between 80 and 
96% depending on the AD liquor type and dosage ratio (adsorbent substrate to liquid). 
There was also significant removal of nutrients N (20-75%) and K (30-55%). These were 
performed over a short period using a single adsorption cycle. We are confident that with 
further optimisation in Phase 2 we can achieve close to complete removal for most nutrients. 
 
3.2 Adsorption results 
 
3.2.1 Experimental Procedure 
 
AD liquor was mixed with the adsorbent material at room temperature (20ºC) and stirred for 
5 minutes. The solids fraction was separated from the mixture using filtration (Whatman 
filter paper). The N-P-K composition of the filtrate was then analysed using ICP and HACH 
meter. Different ratios of AD liquor to adsorbent were investigated. The dosage of adsorbent 
substrate (predominantly dolomite) varied from 10 g/l to 200g/l. The Monsal and the REACT 
AD liquors were used as received i.e. without further process whilst for AFBI the liquor was 
sieved to remove the particulates. 
 
3.2.2 Adsorption results 
 
Experiments were done to remove N-P-K nutrients from AD liquor supplied by Monsal, 
REACT Environmental and AFBI. Levels of N-P-K in the different AD liquors were measured 
and recorded and there was wide variation of both P and K (Figure 3).  
 
 

AD supplier Nitrogen Phosphorous Potassium 

Monsal 1640ppm 40ppm 804ppm 

REACT  2760ppm 56ppm 1416 ppm 

AFBI 2320ppm 900ppm 4350ppm 

 

Figure 3 N-P-K nutrient composition of the three AD liquors provided. 
 
Combined results from the adsorption experiments can be seen in the graph below (Figure 
4). For all the three AD liquors removal between 80 and 96% was achieved for phosphorus. 
There was also significant removal of the other nutrients N (10 to 75%) and K (10 to 50%) 
depending on the AD liquor type and dosage ratio. These are positive results considering 
that our main challenge was to remove phosphate which is more of a challenge compared to 
the other two nutrients due to its role in eutrophication of natural water bodies. These were 
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performed over a short period using a single adsorption cycle. We are confident that with 
further optimisation of the methods we can achieve 80-99% removal for most nutrients. 
 

 
 

Figure 4 Percentage comparison adsorption of nutrients in AD liquor onto granules (150g/l). 
 

To confirm the presence of N-P-K further analysis of the composition of the solid substrate is 
required. This could be done using either XRD or environmental SEM. Desorption 
experiments could also be done to find out amount of nutrients that could be recovered from 
solid substrate. 
 
3.3 Granulation results 
 
Granulation is defined as a size enlargement process of the agglomeration of smaller 
particles together into larger, semi-permanent aggregates (granules) in which the original 
particles can still be distinguished. The granulation is used to process powder material into 
better quality product with improvement in handling and flow properties. The granulation 
process has been extensively used in the fertiliser production industry, although it has not 
been previously used to produce a granular fertiliser from AD liquor. 

 

Figure 5 Surface plot showing effect of process variables combing product yield, granulation 
time and liquid/solid ratio of a typical batch produced in high-shear mixer using the React 
Environmental digestate. 
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Granulation time, binder concentration and interaction between the batch size and 
granulation time were found to be the main factors affecting the granule median size. 
Product yield is mainly influenced by granulation time and solid/liquid ratio. The interaction 
between impeller speed and batch size also have a significant influence on the product yield. 
Figure 5 shows the product yield as a function of granulation time and amount of AD solid 
and liquid used. 
 
Increasing the liquid-to-solid ratio increases the availability of binder for agglomeration. It is 
therefore expected that increasing this variable should result in an overall increase in the 
mean size of the granules. Results presented in Figure 5 show an increase in the liquid to 
solid ratio which would result in an increase in product yield. Increasing the liquid to solid 
ratio by a factor of 1.15 will result in an increase in the product yield of about 10%. It is 
worth noting that increasing the amount of binder added would increase both the product 
yield and the amount of the nutrients in the resultant granules. However, there is a limit on 
the amount of binder that can be added to the systems; excessive amounts of binder would 
result in paste formation. Specifically, there is a threshold beyond which further increase in 
liquid binder would result in over-growth of particles and hence reduced product yield. The 
effect of the granulation time on the product yield is also illustrated. 

 

 
 

Figure 6 Typical mass size distribution of a batch produced in a large scale shear mixer 
using the REACT digestate. 
 
Trial granulation experiments were performed in a large-scale mixer with a capacity of 100L. 
Mixed results were obtained. We noted that compared to earlier work using the small-scale 
3L mixer, spherical strong granules were formed in the large-scale mixer within a minute of 
addition of the materials to the mixer. However, the yield was lower that produced under 
lab-scale conditions in high-shear mixer due to overgrowth of the granules and a significant 
fraction of the granules was larger than the required size (Figures 6, 7). Product size 
distribution was found to be dependent on binder addition rate and binder characteristics. 
Figure 6 shows the typical product size distribution and Figure 7 shows photos of the 
granules. 
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Figure 7 Typical granules produced in small-scale (3 litres, left) and large-scale (100 litres, 
right) mixers. The image shows a significant portion of the granules in the large-scale mixer 
are over-sized and less uniform. This will be further addressed in Phase 2. 
 
3.4 Common alternatives to the ADFerTech technology 
 
There are a number of processes which deal with liquid digestate that are listed below in 
Figure 8. The most common procedure of dealing with the waste is just spreading/applying 
the digestate on land (either unprocessed or solid and liquid separated). 
 

 
 

Figure 8 An overview of the various methods to process and enhance digestate 
 
There are a number of dewatering technologies for solid-liquid separation of digestate. 
These include sedimentation, flotation, screen separators, belt presses, centrifuges, screw 
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presses and drying/evaporation technologies. The choice of which process to use depends 
on the type and properties of feedstock, throughput, energy requirements and efficiency. 
 
Most processes to deal with liquid digestate involve concentrating the liquid (often using 
membrane bioreactors) to either dispose, transport or spread it on land. Membrane filtration 
gives two products, a nutrient concentrate and purified processed water. Other methods 
such as aeration are used to remove ammonia, hydrogen sulphide and other volatile 
compounds (often called air stripping) – aerobic biological wastewater treatment could be 
included here too. Many of these technologies are highly energy intensive. 
 
There are a number of very limited methods to extract and recover the nutrients within the 
digestate liquid. None of the commercially available methods give value-added products and 
often a sequential combination of processes is needed for complete nutrient removal. Soluble 
phosphate can be precipitated by large amounts of calcium, magnesium or potassium. This 
would typically be added in a powdered form to the liquid digestate. Magnesium combined 
with pH adjustment is often used to form struvite (magnesium ammonium phosphate) and 
this readily precipitates out of solution into the well-known crystalline solid which can be 
used as a source of phosphate in fertiliser. Other nutrients can also be extracted using acids 
and chemical reactions to form precipitates. 
 
There are a number of technologies that offer the ability to recover the ammonia in solution. 
Column aeration (and recovery) or column binding (to adsorbents) are two technologies that 
have been developed to remove and concentrate the ammonia in solution. This is then 
reacted with sulphuric acid to form (NH4)2SO4. Ion exchange processes recover ammonium 
by adsorption. Both these technologies require significant capital investments of specialised 
and often custom-built machinery. Quite often the investment is not worth the nutrient 
recovery. 
 
In short there is no low-cost solution available which can perform multiple nutrient removal 
with resultant processed water. Ideally treated liquor from any process should result in clear, 
nutrient-free water, used for irrigation or discharged to sewer. In almost all the nutrient 
recovery systems an additional treatment stage has to be added in the form of reverse 
osmosis (RO) to improve water quality or enable direct discharge to a watercourse. 
 
3.4.1 Current barriers to digestate enhancement systems2 
 
According to WRAP, widespread adoption of digestate enhancement technologies/techniques 
faces a number of barriers in the UK. The most significant barrier is the current cost of 
installation, as well as the associated operational costs. This barrier is directly linked to the 
cost of alternative disposal arrangements such as landfill or energy recovery facilities. 
However, the relatively low value of digestate products and the associated cost of developing 
outlets or markets for these products is also a significant barrier. 
 
The report goes on to say that a key step to overcome these barriers is to raise awareness of 
the waste sector to enhancement technologies and techniques. Costs also need to be 
reduced and the financial benefits of implementing enhancement systems need to be 
highlighted. There are a number of potential techniques and methods for treating and 
enhancing digestate in the UK, however there has been little investment as there is concern 
that there is little potential income from digestate. The report concludes stating that there is 
a need to raise awareness of potential improvements to digestates and ensure that the 

                                           
2 Enhancement and treatment of digestates from anaerobic digestion, WRAP 
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industry is aware that there may be advantages in developing flexible sites where changes 
can be adopted as new technologies become available.  
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4.0 Economic / Cost Benefit Analysis 
 
The majority of digestate currently produced in the UK is recycled to land as either whole 
digestate or dewatered fibre. Digestate liquor is commonly treated by biological oxidation / 
aeration, particularly in the waste water industry. There is, however, an increased interest in 
creating improved fertiliser products from digestate in order to increase its value, secure 
outlets and potentially generate an additional revenue stream for the plant. 
 
It is anticipated that the practical demand for these products will increase as the financial 
and commercial value goes up. The key challenge in the short term will be to manage the 
increase in digestate and secure outlets.3 
 
In this section there are a number of cost comparisons between using a number of standard 
processes to treat or dispose of AD digestate. A wide range of sources were used and a 
number of companies contacted during compiling this data – they are listed wherever 
possible. In many cases it was difficult to obtain accurate figures for the processing of 
digestate solid and liquid separately or operating costs of some systems. Further costs will 
become more apparent in Phase 2 as the prototype device is developed and operated. 
 
4.1 Capital costs for digestate storage and processing (CAPEX) 
 
A wide range of technologies and techniques are available to create novel digestate products 
such as concentrated nutrient streams for the production of standardised fertiliser products. 
However, operational experience of these technologies in the UK is currently limited. Below 
are the approximate capital costs (and estimated operating costs) for a range of technologies 
used to process digestate. This covers separation of solid and liquid as well as methods to 
treat, remove or in some cases extract nutrients from digestate. Adapted from WRAP‟s 
Enhancement and treatment of digestates from anaerobic digestion: 
 

Technology or process CAPEX OPEX 

Thermal Hydrolysis  High n/a 

FITEC grit remover £25k n/a 

FITEC scum remover £70k low 

Gravity belt thickening £50k+ low 

Centrifuge thickening £80k+ n/a 

Belt press £100k+ low 

Screw press £30k low 

Centrifuge £80k+ n/a 

Decanter centrifuge £200k high 

Membrane or reverse osmosis £250k+ medium/high 

Rotary drying high high 

Band/belt dryer £300k high 

Solar dryer £300k low 

Surface scraped heat exchanger (HRS) £250k medium 

Pyrolysis £400k £85k pa 

Biological oxidation / aeration £500k £50k pa 

Ion exchange Medium medium 

 

                                           
3 From WRAP‟s Enhancement and treatment of digestates from anaerobic digestion 
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4.2 Digestate operating costs (OPEX) 
 
4.2.1 Digestate transport and spreading costs 
 
As part of our research we contacted a company that handles spreading digestate onto farm 
land. They informed us that current digestate UK transport costs would include an artic unit, 
tanker (30 tonne) and driver and cost approximately £600 per day (10hr day). The cost to 
transport the liquid digestate to farms depends on the distance: 
 
5 mile or less radius:  typically £2.50 – £3.00 per tonne. 
6 – 10 mile radius:  typically £3.50 per tonne 
11 – 15 mile radius:  typically £4.25 – £5.00 per tonne 
 
To apply the liquid digestate on land using a GPS umbilical cord/trailing shoe system costs 
approximately £2.00/ tonne. Other estimates provided to transport and spread digestate 
close to an AD plant is about £6 to £7 per tonne. 
 
One AD management company (40,000 tonne AD plant) we spoke to said that they budget 
approximately £7 per tonne to transport digestate. Due to the high cost with transporting 
liquid they first dewater it. They highlighted the many benefits of dewatering and solid 
digestate. This reduces the volume of material transported by a factor of ~2-fold, so rather 
than tankering 40,000 tonnes of whole digestate at the one plant they are transporting 
~18,000 tonnes of solid fraction digestate by lorry. 
 
The cost saving of transport by dewatering the digestate is approximately £7 X (40,000 – 
18,000) = £154k per year. 
 
The drawback is that the liquor then needs to be treated by aerobic process with a capital 
cost of ~£500k and an annual running cost of ~£50k. 
 
4.2.2 Digestate storage costs 
 
Another AD company we spoke to told us that the easiest (and most cost-effective) way to 
store digestate is either in a (man-made) lagoon, or a traditional (above ground slurry tank). 
Their budget figure for slurry tanks is ~£35 per m3 (equals 1 tonne) – i.e. a 5,000 tonne tank 
would cost £125,000. Lagoon would be a little cheaper but is not popular due to health & 
safety risk (to animals and people) and they tend to have a larger footprint. 
 
The NNFCC in their AD cost calculator provides a figure of £65,000 capital storage costs for 
digestate storage in a typical 25,000 tonne AD plant4. One AD company we spoke to 
provided digestate storage costs as high as £100 per tonne and estimated that storage costs 
in a 25,000 tonne plant are closer to £200k to store just over 10% of the annual digestate 
produced. 
 
The size of digestate storage facilities depends on a number of factors. If the plant treats or 
transports their digestate away from their facilities then storage costs can be lower. Many 
farm based AD plants spread their digestate and the amount they can spread depends on 
available land and time of year for spreading. In wet summers the digestate needs to be 
stored for longer (needs bigger tanks) and then spread when a few dry days come along – 
there is no alternative other than to build expensive wastewater treatment facilities and 
often this is not financially viable on small farm-scale AD plants.  

                                           
4 http://www.nnfcc.co.uk/tools  

http://www.nnfcc.co.uk/tools
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4.2.3 Digestate processing operating and outsourcing costs 
 
In the table below a selection of digestate processing operating costs in the UK were 
compiled. The operating totals were calculated and compared to costs provided by a number 
of AD plants. There is a wide range of costs depending on the method chosen. The cheapest 
OPEX is the screw press, although the device only separates solid and liquid digestate:  
 

Treatment for 

25,000 m3/year 

Belt dryer Evaporation Membrane 

technologies 

Screw 

press 

Decanter 

centrifuge 

Aeration 

Installation cost 300,000 500,000 275,000 30,000 200,000 300,000 

Cost per m3 (£)   5.75 8.8 5.7 1.4 4.2 2.8 

Cost per Year (£) 143,750 220,000 142,500 35,000 105,000 70,000 

 
 
One of the most increasingly used technology is membrane-based bioreactors or reverse 
osmosis which results in concentrated liquor and clean processed water. In most of the 
technologies there is a need to first separate the solid and liquid and then process the liquid. 
 
European figures comparing operating costs using various digestion disposal methods for 
Denmark and Italy are listed below. These figures were taken from a number of talks during 
the Biogaz Conference in Nantes, October 2011 and KTBL. In all cases a 20,000 tonne AD 
plant is used as the baseline for calculations 
 
Comparison of specific costs for digestate treatment and conditioning process 
(€/m³ digestate for a 20,000 tonne plant) 
 
Denmark 

(2011) 

Digestate 

application 

Separation Belt-

dryer 

Membrane 

techniques 

Concentration Stripping 

Fixed costs 1.62 2.15 4.01 5.19 3.03 5.07 

Energy & 

consumables 

0.29 0.30 3.74 2.77 7.03 3.42 

Transport and 

output 

4.42 4.77 4.53 3.17 2.82 2.21 

Gross costs 6.33 7.22 12.28 11.13 12.88 10.70 

Nutrients -4.40 -4.40 -4.26 -4.40 -4.40 -4.38 

Cogeneration 

bonus 

- - -1.23 - -2.15 -0.88 

Net costs 1.93 2.82 6.79 6.73 6.33 5.44 

 
 
Italy (2011) Digestate 

application 
Separation Belt-

dryer 
Membrane 
techniques 

Evaporation Stripping 

Fixed costs 1.50 2.00 3.84 5.86 4.55 5.25 

Energy  0.36 0.41 3.34 2.08 6.05 3.22 

Transport and 
output 

4.37 4.59 4.34 3.09 2.75 2.06 

Consumables - - - 0.82 1.47 0.66 

Gross costs   11.52 11.85 14.82 11.19 

Nutrients -4.40 -4.40 -4.26 -4.40 -4.40 -4.38 

Net costs 1.83 2.60 7.26 7.45 10.42 6.81 

 
There can be a wide variation in costs from country to country and supplier to supplier. 
These OPEX costs tend to depend on energy and chemical/consumable consumption and 
their associated costs. 
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HRS Heat Exchangers5 have estimated a figure of €25 per tonne of digestate for an external 
waste company to transport and handle the liquid waste, post mechanical separation. They 
estimate that a 20,000 tonne AD plant would budget for €520,000 per year to deal with this 
waste issue. 
 
An AD plant we spoke to has recently built a wastewater treatment plant for the 60,000 
tonnes per annum plant. The CAPEX alone for the treatment plant was over £1 million, and 
they have estimated an operating cost of around £5/tonne using a membrane bioreactor 
system. 
 
4.3 Nutrient benefit analysis of digestate 
 
The fertiliser value of digestate depends on the nutrients present in the feedstock while its 
value as a mineral fertiliser replacement is determined by the effect of AD on nitrogen 
availability, the effect of digestion on nutrient content and the implication of these issues for 
fertiliser planning. However, digestate characteristics are specific to each digester tank and 
can vary even between batches from the same digester and within the same batch of 
digestate during storage. Below is a WRAP example analyses for two types of whole 
digestate: 
 

 Units  Food-based  

digestate  

Manure-based  

digestate  

Dry Matter (solids)  %  4.33  8.22  

pH  8.41 8.22 

Specific Gravity (density)  kg/m3  0.99  0.97  

Total N  kg/m3 7.35  4.40  

Readily Available N  kg/m3 5.94  2.55  

Total Phosphate (P2O5)  kg/m3 0.48  1.35  

Total Potash (K2O)  kg/m3 1.81  3.49  

Total Magnesium (MgO)  kg/m3 0.06  0.74  

Total Sulphur (SO3)  kg/m3 0.44  1.28  

 
 
Using fertiliser prices based on current market prices (provided by FARM BRIEF) one can 
calculate the value of typical digestate according to available nutrients and the costs appear 
in the table below:6 
 
  Nitrogen 

(N) 

Phosphate  

(P2O5) 

Potash 

(K2O) 

Total 

(£) 

Market price of fertilisers (£/kg) 0.78 0.72 0.53   

Green Compost         

Fertiliser equivalent (kg/tonne compost) 0.00 3.00 5.50   

Financial value of nutrients in compost (£/tonne 

compost) 

0.00 2.15 2.90 5.05 

Green/Food Compost         

Fertiliser equivalent (kg/tonne compost) 0.55 3.80 8.00   

Financial value of nutrients in compost (£/tonne 
compost) 

0.43 2.72 4.22 7.36 

Biofertiliser (anaerobic digestate)         

Fertiliser equivalent (kg/tonne digestate) 5.92 0.50 1.80   

Financial value of nutrients in biofertiliser (£/tonne 
biofertiliser) 

4.60 0.36 0.95 5.90 

                                           
5 http://www.hrs-heatexchangers.com/en/resources/case-studies/digestate-processing/default.aspx  
6 http://www.wrap.org.uk/content/compost-calculator  

http://www.hrs-heatexchangers.com/en/resources/case-studies/digestate-processing/default.aspx
http://www.wrap.org.uk/content/compost-calculator
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Depending on the digestate properties and processing method chosen there can be a large 
difference in the amount of nutrients partitioned between the solid and liquid fractions after 
separation. This is due to a number of reasons. Primarily it is down to a nutrient‟s solubility 
and solid binding capability and also the separation efficiency of the processing method to 
remove all solids and particulates from the digestate.  
 
Majority of the phosphorous and organic nitrogen is partitioned into solid digestate while the 
liquid tends to contain higher levels of available ammonia-based nitrogen and majority of 
potassium. The net present value for solid digestate handled can vary from £5 to £10 per 
tonne. This is a higher value compared with liquid digestate (often only valued less than £2 a 
tonne or even nothing at all) and is explained by the high N and P content and lower 
volume. 
 
There are numerous benefits of using digestate as a substitute for fertilisers. In Appendix 1 
we have prepared a detailed calculation of the value of using liquid or solid digestate as a 
replacement to synthetic fertilisers. A summary of the results can be found in the table 
below:  
 

  Cattle Manure/Slurry Liquid Digestate Solid Digestate 

Soil N-Required Kg/ha 250 250 250 

N in total organic application  126 135 133 

Nitrogen utilisation % 25% 60% 70% 

Nitrogen utilisation Kg/Ha  32 81 93 

Mineral N requirement Kg/Ha  218 169 157 

Mineral N Saved Kg/Ha  - 49 61 

N saving £/Ha at £311/tonne 35% (£0.89) £43.61 £54.29 

 
Our estimations provided a value of £4.63 for the value of the liquid digestate per tonne. We 
calculated that for example a 200 ha farm using liquid digestate would save £8,722 pa and 
solid digestate would save £10,858 pa just for the nitrogen content only.  
 
An analysis of digestate by Imperial College London in 2008 (in the WRAP report referenced 
below) has allowed both total and available AD nutrient content to be estimated. The cash 
values for these nutrients have been derived by direct comparison with fertiliser prices. The 
digestate values are based on four-month rolling values of the analysis of digestate in the 
storage tank at the study AD plant. 
 
For the calculation the total N/ha required by the crop was taken as 120kg/ha with an 
application of about 22m3 of digestate per hectare. The calculations indicated that digestate 
can entirely replace inorganic fertiliser and also providing 10% of the phosphate requirement 
and nearly 50% of the potash requirement. In this study this particular digestate can 
therefore supply about £120/ha or 72% of a total nutrient cost of £165/ha (for all 
nutrients).7 
 
In the WRAP report Using quality anaerobic digestate to benefit crops the combined nutrient 
value of digestate being applied at 30 tonnes per ha was calculated to be £123.30 in 2011. 
This saving could be directly passed onto the farmer as a reduction of synthetic fertiliser 
costs. 

                                           
7 WRAP report: Anaerobic digestate. A technical report for the production and use of quality outputs from anaerobic digestion of 
source-segregated biodegradable waste 
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4.4 The cost benefit of using the ADFerTech device 
 
From our initial estimates we have calculated the final price of the ADFerTech device to be 
between £75k and £150k depending on the size of the plant and associate device – we are 
estimating a plant with 25,000 tonnes to have a capital spend of around £100k.  
 
The value of crushed dolomite ranges from US$10 to $80 depending on quality and volume 
ordered. In the UK we have a long standing relationship with a number of dolomite suppliers 
and we can purchase the crushed rock at £20 to £40. 
 
Using the results in Phase 1 we estimate that there should be at least a 10-fold decrease in 
liquid digestate volume – i.e. a ratio of 10 to 1 of liquid digestate to solid adsorbent is 
required. Therefore the amount of adsorbent substrate required per tonne of liquid will be 
£4.00. 
 
We estimate low operation costs, similar to those of mechanical separators as both systems 
have similar mechanical moving parts. Therefore we estimate that a typical 25,000 tonne 
plant producing 23,250 liquid digestate will have the following costs in the first year of 
operation: 
 
Capital costs £100,000 

Adsorbent substrate 23,250 x £4 = £93,000 

Operating expenses Less than £50k 

 
We estimate that we can achieve close to 100% phosphate removal and have demonstrated 
75% removal of nitrogen and potassium. However, in Phase 2 we aim to improve these 
values and aim to remove over 80% of N and K with a smaller amount of the adsorbent. 
 
We aim to replace the membrane technology required for the treatment of the liquid 
digestate. There may still be a need for mechanical separation (such as the screw press) 
before the liquid enters the ADFerTech process, but this is usually required for both 
membrane and belt dryer technologies. We estimate the first year running costs compared to 
the membrane technology and belt dryer as below: 
 
Treatment for 25,000 m3/year ADFerTech Membrane  Belt dryer Screw press 

Installation cost 100,000 275,000 300,000 30,000 

Cost per m3 (£)   6.0* 5.7 5.75 1.4 

Cost per Year (£) 150,000 142,500 143,750 35,000 

Total 1st year costs (£) 250,000 417,500 443,750 65,000 

Potential saving with ADFerTech - 167,500 193,750 - 

* This includes £4.00 per m3 for the crushed adsorbent. 

 
Compared to membrane and belt dryer processes, the ADFerTech device provides the plant 
with a saving of at least £160k in the first year. 
 
The additional ADFerTech cost savings to the AD plant and farmers benefiting from the 
processed digestate are as follows: 
 

Â Significant reduction in storage capital expenditure 
There should be a reduction in the cost in building large liquid digestate storage facilities. We 
estimate that storage can be reduced by 50% which should reduce this capital cost by over 
£30,000. 
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Â Significant reduction in digestate transport costs 
As the ADFerTech device allows for a large decrease in nutrient volume by in effect 
transforming the liquid into concentrated nutrients a tenth of the volume, the cost of 
transport could be reduced by as much as 10-fold from £7 to £0.70 a tonne. 
 

Â The high value of ADFerTech-produced fertiliser 
As calculated in Appendix 1, liquid digestate has an approximate value of £4.63 per tonne in 
terms of its nutrient content (other published estimates are closer to £6). The ADFerTech 
device can concentrate at least 80% of nutrients in the liquid onto 1/10 of adsorbent 
volume. Therefore the value of nutrients within ADFerTech produced fertiliser could be worth 
over £37.04 per tonne – we have some estimates closer to £50. 
 

Â Significant reduction in cost to use, spread and store the ADFerTech fertiliser 
As there is a significant reduction in transporting the smaller volume and due to solid 
granules are cheaper/easier to spread there will be a large cost reduction for the farmers. It 
is difficult to estimate the exact savings but we have calculated that there will be at least a 
5-fold reduction in cost spreading the digestate fertiliser alone. The additional benefits 
include: 

Â Spreading the solids during wet weather and on water saturated fields. 

Â Solids release nutrients at a slower rate and can be adapted to have slow release. 

Â Solids digestate can be stored for long periods in open barns rather than liquid tanks that 
require mixing. 

Â Solid digestate can be stored on fields under tarpaulins. 

Â Solid digestate is easier to spread on land. 
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5.0 Commercialisation of technology 
 
5.1 IP assessment 
 
The Phase 2 prototype will be designed to avoid any changes or modifications to current AD 
plant processes. Competing AD liquid digestate solutions have focused on standard 
wastewater treatment processes, however we have a different approach, viewing digestate 
as a source for low-cost nutrient reuse rather than a waste product. 
 
An initial UK patent application (GB1113313.9) was filed with a priority date of 02/08/2011. 
This has now been proceeded to PCT. We intend to file this patent in a number of regions 
and territories worldwide.  
 
An independent analysis of the technology, market sectors and IP position was recently 
undertaken by the firm IP Pragmatics. The report concluded that the AD fertiliser technology 
has excellent market potential and is a “novel process compared to what is currently 
available and its novel approach to producing a useful product from an unwanted waste 
source makes this a potentially lucrative product.”  
 
IP landscaping and patent searches by both IP Pragmatics and the UK IPO highlighted that 
this process technology was unique and there was little significant prior art. We are fully 
confident that all our patent claims will be granted. There is a good chance that additional IP 
will be generated in this project as part of Phase 2. This new IP will most probably cover the 
design of the device and additional information on the various adaptations of the adsorption 
and granulation processes to maximise nutrient adsorption/removal and granule production. 
New IP created will be protected to ensure that the technology continues its worldwide 
market and unique product dominance. 
 
Using the patent landscape a similarity search was done on patents surrounding and with 
common features to the QUB filing. The following embedded list was produced which 
highlights patents with similar features to the QUB filing: 
 

Publication 

Number 

Title (English) Assignee/Applicant Priority 

Date 

Publication 

Date 

WO2010084461A1  An anaerobic digester and a 

method for treating sludge in 

the digester 

SAPIR Uri,IL | DRESSLER 

Ofer,IL 

2009-

01-21 

2010-07-29 

WO2002043858A2  Process to prepare 

adsorbents from organic 
fertilizer and their 

applications for removal of 

acidic gases from wet air 
streams 

RESEARCH FOUNDATION 

OF THE CITY UNIVERSITY 
OF NEW YORK,US | 

BANDOSZ Teresa J.,US | 

BAHRYEYEV Andiry,US | 
LOCKE David C.,US 

2000-

11-29 

2002-06-06 

GB2335188A  Slow release matrix bound 

fertilisers 

UREKA Ltd(GB),GB 1998-

06-09 

1999-09-15 

FR2787103A1  Treatment and management 

of water purification sludge, 
used to generate heat, 

electricity and chemicals in a 

self-contained system that 
includes a gasification stage 

and phosphate recovery 

SUEZ-LYONNAISE DES 

EAUX 

1998-

12-11 

2000-06-16 

CN102690133A  Method for producing 
organic fertilizer by utilizing 

garbage 

Nanjing College of 
Information Technology,CN 

2012-
06-14 

2012-09-26 

http://www.thomsoninnovation.com/tip-innovation/externalLink.do?data=RiStzcJ5873L16uJgFMlkdHCvZk5HVz9jyDHmG5O3oux76COAZHIjMNddLM7h8Qg6UHwjJvZKqhFQVzTJ6uKQrrtN4%2BbDocc212l%2FZ26u6WQMd46IpjQTQDC0JhSU0P7VTrmCcVWFd9AkaS1jOBj%2FzWiP883FFjWcsECuvMGQvG5bdoxlR0vCP975VGZSLD9aogUqnSSH0jhZPDlgOiSHOGGdleznrZsujGmpWaxpml%2FKc7TGCLM11ZIRU2IJk95WbFbxFAfxa5Yf34840LggQ%3D%3D&code=0c33cd9bff891497229d654a55e84c05
http://www.thomsoninnovation.com/tip-innovation/externalLink.do?data=RiStzcJ5873L16uJgFMlkdHCvZk5HVz9jyDHmG5O3oux76COAZHIjMNddLM7h8Qg6UHwjJvZKqhFQVzTJ6uKQrrtN4%2BbDocc212l%2FZ26u6XfaUTAptEnSPZIJ1Q3wEi%2BWL6hMawuQVGGq969lRmnZwNLp6p7g7qEl%2Bi81FfBPHOSTRFp%2FK9K8IPaR4eIRW4vWQM4cNUhO9obQpU2r6sGdiRNTenJSo6IVcwtMLw4LjeGbdS6mhh7tXaEmvdVOrtPJ76AyxR1IK4nvL0fLiwwBw%3D%3D&code=c6665848dab6e8d478fa3702eee9857c
http://www.thomsoninnovation.com/tip-innovation/externalLink.do?data=RiStzcJ5873L16uJgFMlkdHCvZk5HVz9jyDHmG5O3oux76COAZHIjMNddLM7h8Qg6UHwjJvZKqhFQVzTJ6uKQrrtN4%2BbDocc212l%2FZ26u6Vk4mmFxR3aWd2CnkZz4KkYaRDcEfmosdBK3c0oaMi5PX6OLWciUlWc78apexUGQcUbUad1EYOCd3922wi5U6JDoDsHea8lC2VMCacYMoMW%2Fj2GnBq4MlXhWVKC3FlaPdaXr3E5%2BUjaOTzqNQ0e6PQFC0Vm7Nob8w%2FfwFv30hhrPg%3D%3D&code=ee6f251caec9ded6ce3ca4bd3d759e90
http://www.thomsoninnovation.com/tip-innovation/externalLink.do?data=RiStzcJ5873L16uJgFMlkdHCvZk5HVz9jyDHmG5O3oux76COAZHIjMNddLM7h8Qg6UHwjJvZKqhFQVzTJ6uKQrrtN4%2BbDocc212l%2FZ26u6UF5YmWv1Q3BD8LpaG5X2OtxkTfGLtLXRpdxMtZjfJJ%2BO%2FjA1qqyv8h%2FMT5LUNePdH%2FxWx4up%2FaOgnK6rshBhiALDrc0diNEI20xN%2F6OQ4vBvPM%2FbcYmN7pTSTqFJdXFkS8hye2RPHpG8Zj4gRxqdY2kokS%2BL86a2oQYb4FqjSqxw%3D%3D&code=e3cba9618be53bf6706f22e838abe652
http://www.thomsoninnovation.com/tip-innovation/externalLink.do?data=RiStzcJ5873L16uJgFMlkdHCvZk5HVz9jyDHmG5O3oux76COAZHIjMNddLM7h8Qg6UHwjJvZKqhFQVzTJ6uKQrrtN4%2BbDocc212l%2FZ26u6X5hP1I5ybcZMHc5mVdoP6E4yPbMTFYCgcWoZWRdLqkjSjR500hWfVGfau9xvQ19j1dXB8jdm5EiWEAyFs%2Fe5YgkDA7NP29%2BmF9yFe%2BbDhZKZGUJNipvPzxrLLc1P3zi1JDV3Qj%2BwO4oliB5gwuGB58vLQm1CdxRaujhkWSma%2Bsnw%3D%3D&code=b7f00d65588a1abdcdafb03e6b16bb79
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5.1.1 Relevant patents identified 
 
The ADFerTech team, IP Pragmatics and the UK IPO (in their search report) have identified 
relevant patents which are discussed below. None of the prior art identified is thought to be 
of particular concern: 
 
Korean Patent No. 10-0822377 B1 describes a process of transforming the liquor produced 
by the AD of livestock excrement into a solid fertiliser. The process involves concentrating 
the liquor, and mixing the concentrated liquor with a zeolite to form a solid product. 
However, the present inventors have found that zeolite is only capable of a limited uptake of 
nutrients and, in particular, has poor uptake of compounds that act as a phosphorus source. 
Thus, large amounts of such a zeolite-based fertiliser would be required to provide sufficient 
amounts of the required nutrients to a crop. 
 
US 2003/084693 describes a process for converting sludge that may have been produced by 
AD of organic waste into a solid fertiliser. In the process, zeolite is used as an ammonia 
retaining agent, and limestone is used as a densifier. There is minimal, if any, adsorption of 
nutrients onto the densifier under the conditions of such processes, for instance, because the 
moisture content is too low. 
 
GB2295146 describes a treatment method to stabilise organic waste so as to control the 
tendency of the organic waste to ignite. It involves combining the mineral by-product(s) with 
the organic waste and drying it. 
 
US 6001775A describes a process to produce a fertiliser with a herbicide in the form of a 
water soluble tablet structured to disintegrate and release into a stream of water at a 
predetermined rate. 
 
US 3214261A from 1963 details a method to prepare a granular soil neutraliser using 
limestone and dolomite. It just covers the use of such substances to neutralise soil. This is a 
well-known use for such substances, especially as liming of the soil. 
 
5.1.2 Freedom to operate (FTO) issues 
 
From the initial searches listed above, no FTO concerns were identified. However, a directed 
detailed freedom to operate search has not been undertaken. There have been no past 
agreements with companies or individuals interested in using the technology which may limit 
other potential licenses or further interest from other companies. 
 
5.2 Competitors and competing technologies 
 
As discussed in section 3.4 there are a number of other technologies for nutrient removal 
and processing. None can process many nutrients simultaneously and are low-cost like the 
ADFerTech system. Most are variations of standard procedures and often can only remove 
one nutrient at a time at a high capital cost. There is no other product or bolt-on device 
which can provide the AD plant with low-cost, value-added, multi-nutrient fertiliser. 
 

Â Colsen Group (www.colsen.nl) 
The biggest competitor is probably the Colsen Group. Colsen was established in 1989 (in 
Hulst, Netherlands) and is an environmental advisory, technology and engineering company. 
Colsen has experience in the areas of waste water treatment and valorization of industrial 
and communal organic waste streams. Colsen has developed technologies in (thermophilic) 
digestion and digestate treatment, biogas production, nutrient recovery. They sell a system 

http://www.colsen.nl/
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called AMFER which deals with the removal of ammonia from digestate & waste water using 
heating, aeration and acid washing. Their ANPHOS® process also involves the aeration of 
waste water, which induces a positive pH shift with the addition of magnesium hydroxide to 
form struvite. The MemPhos® system facilitates the desalination of water with high salt 
concentrations and can assist with some salt and nutrient recovery. 
 

Â Biostar Systems (www.biostarsystems.com)  
Biostar are an American AD company that have a strong focus on nutrient recovery and 
aftersales of biofertiliser from their AD plants under its N²PK Organics brand. They have a 
series of technologies which they claim produce granular fertiliser although it is not clear 
how they go about producing it. BioStar‟s fertilizer granulation process includes a patented 
A.J. Sackett system for granulating organic solids8. Their branded N²PK OrGran 3-8-5 
supplies slow-release organic nitrogen and a natural balance of nutrients to improve soil 
health and stimulate plant growth. 
 
Another two organic waste-to-fertiliser technologies can be found below: 

Â Biomax Technologies claims to have developed a technology that converts organic wastes 
into 100% premium grade organic fertilizer at high temperature in 24 hours 
(www.biomaxtech.com). 

Â The eco-digester uses a blend of 33 thermophilic aerobic bacteria to ferment organic food 
waste and turn it into a plant-nourishing fertiliser. This is a completely natural process 
with no emission of harmful gases whatsoever (www.ecoecosse.com). 

5.3 Market summary 
 
5.3.1 The global AD market  
 
The commercialisation of innovative and modern AD systems is promoting a new wave of 
growth in the green energy sector globally, estimated to grow at 24% and reach US$4.6 
billion by 2016 (Frost & Sullivan). The AD plant represents an excellent option to treat 
biological waste and produce both energy and fertiliser, therefore many governments 
acknowledge that these plants are an ideal solution to help fight climate change and 
guarantee energy independence. Driven by government regulation and support, demand for 
biological waste to energy plants in the world is growing and the market is becoming more 
competitive. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9 Total global biological waste-to-energy plant construction market forecasts (left, 
Frost & Sullivan) and Installed AD capacity in the UK (right, SLR Consulting). 
 
 

                                           
8 www.ajsackett.com/PDFs/Granulation%20Systems.pdf  

http://www.biostarsystems.com/
http://www.biomaxtech.com/
http://www.ecoecosse.com/
http://www.ajsackett.com/PDFs/Granulation%20Systems.pdf


 

Granular Fertiliser from Anaerobic Digestate Liquor   33 

 

The UK has currently over 220 AD facilities which have an overall capacity to process more 
than 8 million tonnes material per annum. This has a total installed generating capacity of 
over 170MW of electricity – enough to power over 450,000 homes. The most rapid growth in 
the UK has been seen in waste-to-energy sector which now has over 80 plants in the country 
and grew at 30% in 2011 and over 46% in 2012. This trend is set to continue with over 200 
AD plants currently being planned for the next 2 years. Europe, by comparison, has over 
8,000 AD plants, the largest market in the world. Worldwide installed capacity has increased 
three-fold in 10 years, growing from 185 MW in 2004 to 575 MW in 2013 and this is set to 
generate $4.6 billion in 2016. 
 
Europe accounted for 87.4% of the world AD market revenues in 2009, and it is expected to 
account for 89.3% of the same in 2016 in the base case scenario. In this scenario, North 
America will account for 6.9% throughout the estimated period, and Asia Pacific will 
contribute 2.1%. In the optimistic case scenario, North America accounted for 6.9% of the 
revenues in the world market in 2009, and it will contribute 14.1% of the market revenues in 
2016, while the contribution of Asia Pacific will increase from 2.1% in 2009 to 8.1% in 2016. 
Africa and the Middle East will remain the smallest market for biogas in both scenarios and 
South America will be the second-least attractive market (Frost & Sullivan). 
 
On an additional related note, the worldwide fertiliser market is anticipated to reach 
$131.7bn by 2015 at a growth rate of 10.9%. The European fertiliser market alone is 
expected to grow to €15.3 billion by 2018. 

5.3.2 The market for digestate solutions9 
 
A 2009 report by ENDS10 warns that UK waste companies are rapidly facing a digestate 
disposal hurdle. The document goes on to say that councils and waste firms will find it 
difficult to dispose of digestate from AD plants on farmland in large parts of England and 
Wales. The German digestate situation is also getting worse. The amount of digestate now 
produced by the increasing number of AD plants is greater than the land available to spread 
the liquid. This has led to many AD plants building advanced wastewater treatment plants at 
a high cost, putting it through sewage treatment or burning dried digestate. 
 
UK markets for waste derived digestate are immature. There is existing competition in land-
based markets, not least with conventional inorganic fertilisers. However, in the future as 
natural phosphorous resources decrease and the cost of inorganic fertiliser increases, 
farmers will look to find alternative and potentially cheaper sources of nutrients for their 
crops.  
 
The UK Government is committed to increasing energy from waste through AD, which will 
contribute towards the EU target of generating 20% of total energy use from renewable 
sources by 2020. The UK produces over 100 million tonnes of organic material each year 
that could be used to produce biogas; 12-20 million tonnes of food waste (municipal waste 
collected by local authorities and hotel or food manufacturing waste); 90 million tonnes of 
agricultural material such as manure and slurry; and 1.73 million tonnes of sewage sludge 
(DEFRA, 2010). As more AD facilities become available there will be greater quantities of 
digestate produced and so there is a real need to develop markets for this digestate to 
ensure that this resource is used optimally.5 

 
The dilute concentration of nutrients in digestate liquor means it would be unsuitable for 
direct use as a home garden product due to the expense and difficulty in handling the 

                                           
9 Adapted from WRAP reports 
10 http://www.endsreport.com/20491/land-for-digestate-disposal-limited  

http://www.endsreport.com/20491/land-for-digestate-disposal-limited


 

Granular Fertiliser from Anaerobic Digestate Liquor   34 

 

product. To improve the product, it would be necessary to concentrate the nutrients; this 
would improve the economics of transporting digestate liquor. 
 
5.4 Legislation 
Legislative controls might impact on the marketing of the granulated fertilizer resulting from 
the process.  For example, if the product was derived from the digestion of animal by-
products (e.g. food waste), recent amendments to the legislation now mean that the liquids 
produced from the process would be controlled under the ABPR (Regulation EC 1069/2009).  
In addition the requirements of the COGAP (Code of Good Agricultural Practice) would 
usually have to be followed if material was being spread to agricultural land. There would 
also be a need to address issues around End of Waste.        
 
5.5 The market for ADFerTech 

5.5.1 UK and European AD market segmentation 
 
AD is not a new technology and has been widely applied in the UK for the treatment of 
sewage sludge for over 100 years. However, only recently has it been used in the UK for 
treating other waste and purpose-grown crops, in order to generate renewable energy and 
divert waste from landfill. According to a recent report by the Green Investment Bank, the 
UK AD market is fragmented and immature with the top 5 operators accounting for less than 
28% of the market with the majority of facilities in the UK having been in operation for less 
than 3 years. The AD market can either be defined by the size of the AD plant (ranging from 
small farm 0.25 kW to large commercial 4MW plants) or according to three broad feedstock 
categories: 

¶ Agricultural: farm wastes, as well as purpose grown energy crops 
¶ Source segregated food: controlled wastes produced by households, commerce and 

industry 
¶ Residual waste: waste which is left after recycling, composting, etc. AD is utilised as 

part of a mechanical biological treatment process in order to treat residual waste. 

Dedicated facilities in the mature wastewater/sewage treatment sector, operated as part of 
the regulated wastewater industry, will be excluded by ADFerTech (due to regulations). 

5.5.2 Target markets 
 
The ADFerTech target market is potentially all AD plants, both new and existing (for 
retrofitting). The final device can be adapted to a range of plants with varying AD 
feedstocks. The system is designed to be very versatile for a variety of plant designs, sizes 
and digestate outputs.  
 
Initially ADFerTech will target the small- to medium-sized farm-based and food waste AD 
plants. The device is particularly suited for farm-based plants as most of these farms have 
the problem of disposal of waste liquor from AD and the device potentially provides AD 
plants with an additional source of revenue through selling or by using less expensive 
synthetic fertiliser. Improving nutrient management will help improve the profitability of 
farming and its net environmental impact. Ensuring the carefully managed application of all 
nutrients helps to close the „nutrient gap‟ that arises as the crop uses nutrients to grow and 
is then removed at harvest. 
 
5.5.3 Worldwide fertiliser market and opportunity for ADFerTech 
 
Fertilisers are conditioners that are added to soil to recover lost fertility and thus support the 
healthy growth of plants. There are three major types of fertilisers: nitrogen, phosphorus 
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and potassium. Soil fertility is damaged on account of many factors such as water/wind 
erosion and global warming. Fertilisers play a key role in improving yields from cultivation. 
 
Increasing pressure to meet global food demands and the decreasing availability of arable 
land are vital factors driving growth in this market. Synthetic fertilisers have been widely 
used for decades since the industrial revolution, but growing concerns about the 
environment are increasing the need for fertiliser manufacturers to ensure the rapid 
development of more environmentally hazard-free nutrients. 
 
The total fertiliser market accounted for $68bn in 2009 and is anticipated to reach $131.7bn 
by 2015 at a compound annual growth rate of 10.9%. The fertiliser market experienced a 
major decline in demand of 5% in 2009 (Frost & Sullivan).  
 
The increase in the price of natural gas over several years has impacted on the production 
cost of synthetic fertilisers. High global phosphate and natural gas prices represent a 
significant cost addition to production of synthetic fertiliser. The world demand of fertiliser is 
expected to increase due to increase in the population and demand for food. The decision by 
governments to increase the proportion of renewable energy sources, such as bio-fuels, will 
also add to the demand for synthetic fertiliser. Therefore, there is an opportunity to develop 
alternative methods to produce fertiliser, which are less energy intensive. 
 
AD digestate is known to contain nutrients that are beneficial to plant growth, namely 
nitrogen, phosphorus and potassium. In theory this makes the digestate a suitable raw 
material for the production of N-P-K fertiliser. Converting liquid digestate into a solid product 
would offer several advantages such as ease of storage and transportation. Also, properties 
of the solid product can be tailored to give desired release profiles, which would alleviate the 
problem of run-off and leaching of nutrients, which is associated with direct application of 
liquid fertiliser. 
 
5.6 SWOT analysis of ADFerTech technology 
 
Below is a SWOT (Strengths, Weaknesses, Opportunity and Threats) analysis of the 
ADFerTech technology: 
 

Strengths Weaknesses 

Â Excellent R&D  

Â Patentable and novel technology  

Â Route to market 

Â Branding, trade secrets  

Â Access to R&D expertise and AD plants 

Â Links to partners in a wide range of locations  

Â Cost-effective product  

Â High calibre team 

Â Long time for market to embrace new 

products  

Â Regulations regarding feedstock and use in AD 

fertiliser  

Â Fertiliser may be regarded as waste product 

and therefore problems with usage 

Â Initial capital investment is needed 

Opportunities Threats 
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Â Very big and rapidly growing market potential  

Â Potential to target new and retrofit old AD 

plants 

Â AD expansion will boost demand  

Â Government incentives for AD  

Â Partnering with leading AD companies and 

collaborators  

Â Increasing need for low carbon fertiliser 

Â High price of fertiliser 

Â New regulations limiting digestate spreading 

 

Â Someone infringing our patented technology 

in the future  

Â Competitors have strong R&D  

Â Current economic climate  

Â Established large competitors (but competitors 
can be potential partners)  

Â Unknown emerging competition  

Â Preference for waste incineration and recycling  

Â Changes in AD legislation regarding spreading 

of AD-produced fertiliser 

Â Bad press or a health scare involving digestate 

or digestate fertiliser 
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6.0 Phase 1 Conclusions 
 
Along with growth of the AD comes the corresponding problem of the large quantity of 
waste liquor from the AD process. Currently this waste stream is used untreated as a raw 
liquid fertiliser on land. However, with increased capacity in AD technology forecast, this 
simple disposal technique is unsustainable. Therefore, there is a major need for a solution 
such as the ADFerTech device.  
 
In Phase 1 we established the detailed technical feasibility of scaling up the technology and 
quantified the estimated benefits. We tested device components to optimise granule 
formation and enhance the nutrient adsorption process for a prototype device, in parallel.  
 
Experiments were performed to remove N-P-K nutrients from AD liquor by different 
suppliers: Monsal, REACT Environmental and AFBI. Different powder adsorbent substrates 
were tested as possible candidates for use as low-cost adsorbent material within the pre-
prototype granulator unit.  
 
The first task was to ascertain the levels of N-P-K in the different AD liquors which varied 
widely, particularly for P and K. For all the three AD liquors P removal was between 80 and 
96% depending on the AD liquor type and dosage ratio. There was also significant removal 
of nutrients N (20-75%) and K (30-55%). We are confident that with further optimisation of 
adsorption cycles we can achieve 80-99% removal for most nutrients. 
 
In Phase 2 we are aiming for a low-cost, easy-to-install, low-maintenance, mass-
manufactured and adaptable prototype which could be used with various digestate feedstock 
and will complete the liquid-into-solid fertiliser process. This, in turn, will be commercialised 
by the ADFerTech team. 
 
There has been significant interest in ADFerTech from a number of AD companies. We 
propose to build and test a prototype device whereby AD liquor nutrients are concentrated 
and processed using readily-available materials into a solid, granular fertiliser utilising our 
innovative technology. 
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7.0 Appendices 
 

7.1 Appendix 1 – Nutrient calculations of slurry, liquid and solid digestate  
 

Current values of mineral 
fertiliser 

Value/kg of 
nutrient 

 

Cattle manure AD plant with 25,000 t per year 
turnover. Digestate volume is 93% of manure/slurry 
added 

  N £0.55 - £0.89 

     P2O5 £0.55 - £0.83 
     K2O £0.51 - £0.53 
            

 
Value of Undigested Livestock Manure/Slurry as Fertiliser 

 

1) Cattle manure/slurry   
Total Kg/m3 
in Livestock 
Feedstock 

Plant available 
nutrient 

Plant Available Nutrient kg/t Value of feedstock  

 
 

N 6.0 25% 1.5 £0.83 - £ 1.34 
 

 
P2O5 0.3 50% 0.15 £0.08 - £0.13 

 

 
K2O 2.0 90% 1.8 £0.92 - £0.95 

 

    

Total value per wet tonne £1.83 - £2.42 

        

Cattle manure/ Slurry 
      Liquid digestate  

  

Type of fertilizer 
Total Kg/m3 in 
digestate 

Available 
Nutrient 

Available 
Nutrient kg/t 

Value of digested slurry as 
fertiliser/m3 

Subtract Value 
undigested slurry Benefit/m3 

N   6.45 60% 3.87 £2.13 - £3.44     

P2O5  0.32 60% 0.19 £0.11 - £0.16     

K2O 2.15 90% 1.94 £0.99 - £1.03     

Total Value of digestate        £3.23 - £4.63 £1.83 - £2.42 £1.40 - £2.21 

*N  5 60% 3 £1.65 - £2.67     

*P2O5  0.9 60% 0.54 £0.30 - £0.45     

*K2O 2.8 90% 2.52 £1.29 -£1.34     

Total digestate Value       £3.24 - £4.46 £1.83 - £2.42 £1.41 - £2.04 

* University of Southern 
Denmark 

                    Using Fertiliser costs: 
  

Value of Fertilizers per year 
  

N £0.89 
 

Value of untreated 25,000 tonnes of animal 
slurry 

  P2O5 £0.83 
 

25,000 x £2.42 = £60,500 
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K2O £0.53 
 

Value of liquid digestate (93% production of 
digestate from AD) 

  

   
23,250 x £4.63 = £107,648 

         

   

Therefore liquid digestate has a net value of 
£47,148 over animal slurry 

         

Application 
Fertilizer benefit of digestate over slurry 21 tonne 
application/ha 

   

 
  Cattle Slurry Digestate 

   

 

Soil N-

Requirement 
Kg/ha 250 250 Using  Liquid Digestate 1 info 

  

 
N in total organic 
application  126 135 

21 x 6.0 slurry, 21 x 6.45 
digestate   

 

Nitrogen 
Utilisation % 25% 60% 

   

 

Nitrogen 
utilisation Kg/Ha  32 81 

   

 

Mineral N 
requirement 
Kg/Ha  218 169 

   

 

Mineral N Saved 
Kg/Ha   49 

   

 

N saving £/Ha at £311/tonne 35% 
(£0.89) £43.61 

   

 

Example 600 Ha farm using digestate would save 600 
x £43.61 = £26,166 pa 

           

 

Cattle manure/ Slurry 

      

 

Solid digestate  

  

 

Type of fertilizer 
Total Kg/m3 in 
digestate 

Available 
Nutrient 

Available 
Nutrient kg/t 

Value of digested slurry 
as fertiliser/m3 

Subtract Value 

undigested 
slurry Benefit/m3 

1 N  9.69 70% 6.78 £3.73 - £6.03     

 

P2O5  4.97 60% 2.98 £1.64 - £2.47     

 

K2O 5.29 90% 4.76 £2.43 - £2.53     

 

Total Value of digestate       £7.80 - £11.03 £1.83 - £2.42 £5.97 - £8.61 

2 *N  10.9 70% 7.63 £4.20 - £6.79     
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*P2O5  2.4 60% 1.44 £0.76 - £1.20     

 
*K2O 3.8 90% 3.42 £1.74 - £1.81     

 
Total Value of digestate       £6.70 - £9.80 £1.83 - £2.42 £4.87 - £7.38 

 

*Source: Lantbruk & Industri 2006 
              

  

N.B solid digestate is only up to 25% w/v of 

liquid 
   

  

Liquid = 23,250 m3 and solid is 5813 tonnes so 
less storage needed for solid 

                           

 

Application 

Fertilizer benefit of digestate over slurry 21 

tonne application/ha 

Solid 12.2 tonne 

application 

  

  

  
Cattle 
Slurry 

Liquid 
Digestate Solid Digestate 

  

  

Soil N-Requirement 

Kg/ha 250 250 250 

21 x 6.0 slurry, 21 
x 6.45 digestate 

 

  

N in total organic 

application  126 135 133 

21 x 6.0 slurry, 
12.2 x 10.9 
digestate 

 

  

Nitrogen Utilisation 

% 25% 60% 70% 

Using  Solid 
Digestate 2 info 

 

  

Nitrogen utilisation 

Kg/Ha  32 81 93 

  

  

Mineral N 
requirement Kg/Ha  218 169 157 

  

  

Mineral N Saved 

Kg/Ha   49 61 
  

  

N saving £/Ha at £311/tonne 35% 

(£0.89) £43.61 £54.29 

          

  

Example 200 Ha farm using liquid digestate would save 200 x £43.61 = £8,722 pa and solid digestate 
would save 200 x £24.92 = £10,858 pa 

 

  

Application of liquid is 21 tonnes and solid 12.2 tonnes so less cost to apply solid but solid would run out 

faster  
 

  
i.e. you can apply liquid to 1107 Ha and solid to 476 Ha 

 

  

N.B if 50% of all liquid digestate is used savings are £24,138 but other 50% (11,625m3) needs to be 
disposed of at £15 per m3 = £174,375 

                  Amount available nutrients Liquid  Solid  
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spreadable on land /year 

 

  

Kg/Ha max per 

year 

Max 
Application 

t/Ha 

 Kg/Ha max per year 
Max Application 

t/Ha 

 

 
N 250 64.6  250 32.77 

 

 
P2O5 50 263.16  50 34.72 

 

 

K2O 42 21.7  42 12.28 

 

 

           

 

 
Maximum application 21.7 tonnes   12.28 tonnes  
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