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3 Introduction
Agricultural by-products are a huge pool of untapped biomass resources leading to
undesirable economic and environmental burdens in many regions of Europe and the world,
especially considering the trend to special separation of animal husbandry and crop production
These agricultural wastes can be converted into bioenergy, a state of the art technology in
Europe, and bio-based products (for example biofertilizers or bioplastics) hereby realising them
as true resources, within a circular economy context. They should be rather considered and
called agricultural by-products. However, there are still some major challenges in waste
management, promoting effective use of resources and waste valorisation.
Agricultural by-products are usually defined as plant or animal residues that are not (or not
further processed into) food or feed, most often creating additional environmental and
economic burdens in the farming and primary processing sectors. In order to further improve
resource efficiency, reducing waste and improving waste management in primary production
is considered of paramount importance to promote circular economy. Agricultural by-products
can be turned into resources using intensified conversion processes, which may yield
potentially to sustainable bio-products such as fertilizers, energy, materials and chemical
molecules. The residues conversion is crucial for supporting the decoupling of economic
growth and human well-being from (primary) resources use, preventing putting pressure on
land, causing adverse effects on biodiversity and jeopardizing global food security.
This document is a best practices’ guideline prepared for farms and businesses on agricultural
waste management to serve and facilitate implementation of circular economy and
environmental investments reducing environmental impacts in the agriculture, by valorising
agricultural by-products that would otherwise mainly landfilled or burned.
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4 Aims and the short introduction of NoAW project
No-Agricultural Waste (NoAW) project is dealing with innovative approaches to turn
agricultural waste into ecological and economic assets using circular economy approach for
agricultural wastes on a territorial and seasonal scale. Mostly unavoidable and continuously
generated agricultural wastes are a true resource for valorisation. Eco-design approach where
special consideration is given for the environmental impacts of the product and process are
considered even in design phase. This provides innovative and robust tools for the
determination of waste-resource recovery strategies at the early stage of production and
valorisation chain design and minimize the negative impacts on water, air, and soil.
Turning waste into resources is one of the key elements of a circular economy and “near-zerowaste-society”. The objective of the NoAW Horizon 2020 project is to enhance the progress
towards the concept and to promote the application of circular economy through the application
of an early eco-design approach, considering the opportunities for converting agricultural
waste, by-products into eco-efficient, bio-based products with direct benefits for environment,
economy and society. For the purpose of this project, “agricultural wastes, by-products and coproducts” are defined as plant or animal residues that are not (or not further processed into)
food or feed and create additional environmental and economic issues in the farming and
primary processing sectors.
NoAW intends to explore the potential of agricultural waste to be converted into a portfolio of
eco-efficient products which are produced using fewer resources and creating less pollution
such as bio-energy, bio-fertilizers, bio-packaging and bio- molecules, in symbiosis with urban
waste conversion. The project also considers environmental and human safety risks which can
emerge from circular management of agricultural wastes.
The project has received funding from European Union’s Horizon 2020 research and
innovation programme under grant agreement No 688338.

7

Best-practice guidelines for farms and businesses on agro-waste management

5 Valuable raw materials in agricultural wastes
The range of agricultural wastes and/or by-products in primary production are quite large in
general that can be valorised. Losses occur during production, rearing or growing of primary
products including harvesting of crop, milking and farmed animal production.
The usability of crop by products (for example, cereal straw, beet leaves, potato tops, corn
cobs, hay grass, etc.) is relatively wide, can be used as feed, as litter in rearing, as building
material (insulation), as bio energy. The biorefining crop residues is also a possibility on order
to extract platform molecules.
The transformation of agricultural wastes and by-products into biofuels and value added
molecules is becoming increasingly popular as a way to mitigate global warming and diversify
energy sources. For this purpose, circular bio-economy based on agricultural wastes and byproducts has become a major issue for sustainable development of the agricultural sector.
Anaerobic digestion (AD) is a biological process by which organic matter is transformed in
absence of oxygen into biogas (a mixture of carbon dioxide and methane). AD process has
been found to be a promising route for the valorisation of agricultural wastes such as manure,
crop residues and winery wastes. The biogas produced can be valorised as transport biofuel
or injected in the national gas grid (biomethane after a purification step) or further converted
into heat and electricity through a Cogeneration (Combined Heat and Power - CHP) system.
Winery residues are rich in bioactive compound. Polyphenols content is an important
parameter to be monitored during the agricultural wastes management processes.
Polyphenols compounds are naturally present in several agricultural wastes streams such as
winery and olive wastes industries. Due to the continuously increasing consumer demand for
the use of natural compound, there is a growing interest for the utilization of grape and winery
by-products.
It also possible to produce biodegradable polymers, the polyhydroxy-alkanoates, PHAs, which
could replace, at least partially, the traditional oil-based plastics.
Therefore, by these innovative routes we can extract from vinery wastes bio-active chemicals,
that can be exploited as building-blocks for new bio-based materials or antioxidant additives;
moreover, vinery wastes can be converted into bio-polymers, from which new composites can
be also prepared. In this way, NoAW will contribute to enlarge the resources for a sustainable
packaging production. Besides, a nutrient rich digestate is produced. It is generally used as
fertilizer on fields of crops.
The conventional and innovative end-products of agricultural waste valorisation are
summarized in Figure 1. (Gontard, és mtsai., 2018).
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Figure 1: Conventional and innovative end-products of agro-waste valorisation [Gontard et al. 2018]

Agro-waste presents potentially high opportunities as a source of added value bio-molecules
and bio-products. However, its molecular complexity and heterogeneity make difficult its ecoefficient conversion. Presently, only 5% of chemicals are bio-based, whereas it is known that
agricultural products, lignocellulosic material and waste biomass could be converted to
platform chemicals (Pfaltzgraff et al. 2013) and then to secondary chemicals, intermediates
and final products (Jang et al. 2012).
The straw left after harvest in many cases under-valorised even though it can be used as one
of the inputs for renewable energy and materials.
The next subchapters focus into three valuable group of agricultural by-products, like crop
residues, animal manure and winery wastes.

5.1 Straw and stalk from cereals crop
Huge amount of straw and stalk as agriculture by-products generated during harvesting from
the cultivated cereal crops (straw from wheat, spelt, rye, rice, barley, oat, and triticale, stalk
from maize).
As it is shown in Figure 1, the cultivated production of cereals (including rice) in the European
Union (EU) was 310 million tonnes in 2017, which means about 12 % of global production.
Common wheat and spelt represented 46 % of all cereal grains harvested in the EU in 2017.
The next shares in order are: grain maize and corn-cob-mix 21 %, barley 19 %, oats 2.6%, rye
and winter cereals mixtures 2.5% and remaining other cereals 9.1% (Eurostat online data
code: apro_cpnh1). The share of the total cereals production in 2008-2017 was similar.
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Figure 2: Share of main cereals, Eu-28, 2017

Straw
Among different lignocellulosic raw materials, wheat staw is very suitable for biorefinery
approach (Tomás-Pejó et al., 2017). The production of 1 kg of wheat grain generate of 1.1 kg
of straw (Bamaga et al., 2003).
It should be emphasized that only a part of the straw is collectable, because after seeds harvest
the bottom part of the stems released on the soil, as result more than 50% from the organic
matter remains in the field. There are other limiting factors which reduce the collectable straw
production: both the modern combines cut the stems higher and grind more the straw, and the
cereal breeding to prevent lodging of grain is directed towards the production of short stems
varieties.
However, straw has value for soil quality, because important for maintaining soil organic
matter. Therefore, the removal of straw requires attention and agricultural expertise.
Corn residues
Traditionally if the grain yield was poor and the yield of cereal straws was below normal, after
harvest cobs the remained part of maize of maize was used by small farms as bedding or even
as feed replacement too
Corn is one of the main agricultural crops In EU countries and worldwide. The corn residues
(including mainly stalks and cobs) are also valuable. Corn stover consists the different part of
the plant like stalk, leaves, husks, cobs, tassels, which belongs to the second-generation
ethanol crops. However, there are challenges in harvesting, handling, storing and transporting
the biomass.
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In US the milled cobs used for various industries (feed filler-additive, oil-drilling adsorbent,
desiccant, or bio-abrasive). The usage of corn cobs is being developed as feedstock for
gasification projects, co-firing, and cellulosic ethanol. On dry matter basis cob represent about
16% of the total stover biomass in a field, and the yield of cobs is in average 14% of the grain
yield (Dahiya at al., 2015).
Italian researchers (Blandino et all, 2016) found the relative yield of maize cobs are about
18.7%. Due to its composition cob is more stable than other vegetative parts (leaves, stalks)
of maize, therefore cobs could be used as feedstock in different ways, like as freshly harvested,
or stored by silage (alone or mixed with maize plant).
Harvesting cobs has little potential impact on soil residue, soil carbon, or the nutrient
requirements of subsequent crops:
The stalk of maize represent also a significant bioenergy potential, or the cobs residues can
be used as valuable raw material to produce bio packaging compounds.

5.2 Animal manure from livestock farming
There are varieties of animal manures (e.g. livestock dung, liquid manure from livestock
holding facilities) from the farming stage. As fertiliser, the animal manure is one of the most
used by-products in agriculture: if handled properly, manure can represent a valuable resource
for its nutrients recovery for agriculture. However, the handling and storage of manure may
lead to problems such as e.g. odours, ammonia evaporation, pathogens, nutrient run-off and
infiltration into water bodies caused by nutrient leaching, and greenhouse gas emissions.
New statistics of nitrogen inputs to agricultural soils from livestock manure (FAO New
Statistics, 2018)

The statistics of nitrogen inputs to agricultural soils typically involve the manure applied to
soils, manure left on pasture and synthetic (chemical) fertilisers.
From these new statistics can be highlighted the followings
i)

Global N input from livestock manure and synthetic (chemical) fertiliser during the
period 1961 – 2014 (see Figure 1):
• the whole Global input from all livestock increased from 66 to 113 million tonnes of
N (Mt N) with 71% (however, this increasing was caused mostly by manure left on
pasture);
• Due to the higher demand of modern agriculture, was a seven fold increase (from
12 to 102 Mt N) in the usage of chemical fertiliser
o caused by this huge increase, the inputs from synthetic fertiliser became not
only comparable with inputs from livestock, but in 2014 they represented the
highest proportion of N inputs
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Figure 3: Global N input from livestock manure and synthetic (chemical) fertiliser during the period 1961 –
2014

ii)

Regional (only Asia and Europe) N inputs from livestock manure and synthetic
(chemical) fertiliser during the period 1961 – 2014
• Asia (see Figure 4 ):
o the N input from manure left on pasture increased from 4 million tonnes in
1961 to about 12 million tonnes in 2014 by 140 percent (despite this
growth, the ratio of the N inputs from manure deposited on pasture
reduced significantly to a half (from 61% in 1961 to 30% in 1961)
o Manure-N applied to soils increased from 4 million tonnes of N in 1961 to
about 12 million tonnes of N in 2014
o was 26 fold increase in the usage of synthetic N-fertiliser, and 2014
synthetic fertilizers accounted for 56.7 million tonnes of N and represented
almost 60 percent of total N inputs.

Figure 4: Asia, Regional N input from livestock manure and synthetic fertilizers, 1961-2014
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•

Europe (see Figure 5):
o The usage of synthetic N-fertiliser increased from 33% of the total in the
1960s to about 55 percent by the 1980s. However, was a marked
decrease in fertilizer N inputs from 1980s to the 1990s (it is worth of
mentioning, that Europe was the only one region, where dropped). This
nearly 50 percent decrease could be due to the EU nitrate directive that
led to tight limitations in nutrient use (Sutton et al., 2011)

Figure 5: Europe, Regional N input from livestock manure and synthetic fertilizers, 1961-2014

5.3 Winery wastes in context of production grapes and wines
Grape crops are one of the main extended agro-economic activities in the world. As stated in
the 2019 Report on World Vitiviniculture of the International Organization of Vine and Wine
(OIV 2019), 77.8 million tons grapes were produced global in 2018. The grape production (
grapes intended for all uses, as wine, table and dried grapes) shows an increasing trend
between 2000 – 2018 (see Figure 6). The majority this production was wine grape (57%),
followed by table grape (36%) and dried grape (7%).
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Figure 6: The evolution of the global grapes production, 2000-2018
Source: 2019 Report on World Vitiviniculture of the International Organization of Vine and Wine

In 2018 the global wine production was 292 million of hectolitres (mhl). Italy was the first wine
producing country in the world with 54.8 mhl, followed by France with 48.6 mhl, and Spain with
44.4 mhl. The Figure 7 shows the world wine production by countries in 2018.

Figure 7: Wine production by countries, 2018
Source: 2019 Report on World Vitiviniculture of the International Organization of Vine and Wine

The winery sector is thus a high waste stream producer, because they dispose a large amount
of grape pomace.
In the leader countries of the global wine production, like Italy, France and Spain the estimated
annual grape pomace is nearly 1200 tonnes per year (Beres at al., 2017).
14
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Winery waste can be divided into two main categories, solid and liquid waste. Solid waste is
generated during the collection of grapes and liquid waste is generated during the wine making
process. The main winery wastes are grape stalks, grape pomace and grape seeds and wine
less (Da Ros et al., 2016a; Da Ros et al., 2016b; Zacharof, 2016)
The main components of pomace are seeds, stems, residual pulp and skin: all contains a
significant amount of bioactive compounds, such as phenols, and fibres. Indeed, it is reported
that about 70% of phenolic content is retained in grape pomace after wine processing.

5.4 Review of legislation
NoAWs concept is to valorise agricultural residues and by-products in order to substitute fossilbased energy, plastics, chemicals and fertiliser. To achieve this existing anaerobic digestion
plants shall serve as hubs for additional or improved processes studied in this project. For
optimising the whole process, NoAW looks at the feedstock, digestion process itself and the
output streams, which partly cover already existing outputs like biogas and digestate, but also
innovative outputs like biopolymers as a basis for biobased and possibly biodegradable
plastics. It is obvious that the legislation related to agricultural waste valorisation has to cover
all areas from feedstock via the biogas plant to the different output streams. Thus, the
respective legislation covers topics from the following sectors:
•
•
•
•
•
•
•
•
•
•
•
•

Waste Management / Circular Economy
Agriculture & Organic agriculture
Emission Control (air, soil, water)
Chemical Safety,
Construction,
Product’s safety,
Plastics,
Energy & Vehicle Fuels,
Food Safety,
Packaging,
Worker’s health and Safety
(Natural) Gas

While some of the listed sectors are well covered by legislation – in this case we are focussing
on EU-Directives that have already been or soon need to be implemented into national
legislation –, other sectors don’t cover possible products from agricultural by-product
valorisation properly. Especially biobased and biodegradable plastics are only partly
considered as a reasonable step to reduce the effects of plastics accumulation in the
environment. Figure 8 shows a schematic representation of how the typical biogas system and
as other possibilities, the added NoAW-system relates to current EU legislation.
Within the frame of this Best Practice Guide the focus is put on legislation about the feedstock
and the products that are studied in the NoAW project. Legislation relating to the technical,
economic and organisational aspects of the biogas plant and technical NoAW add-ons will not
be discussed here. Also exempt from this overview is the legislation on the use of renewable
energies, as this legislation is considered to target already the existing biogas sector and is
not considerably affected by the NoAW products.
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Figure 8: : EU legislation and how it relates to the NoAW-project (non exhaustive representation)

5.4.1 EU Waste Legislation & Circular Economy Package
In the EU the Waste Framework Directive (WFD) – Directive 2008/98/EC – sets the basic
concepts and definitions related to waste management, such as definitions of waste, recycling,
recovery. It explains when a waste ceases to be a waste and becomes a secondary raw
material (so called end-of-waste criteria), and how to distinguish between waste and byproducts. The Directive lays down some basic waste management principles: it requires waste
to be managed without endangering human health and harming the environment, and in
particular without risk to water, air, soil, plants or animals, without causing a nuisance through
noise or odours, and without adversely affecting the countryside or places of special interest.
It further introduces a hierarchy of how to manage waste with the top priority of preventing
waste via preparing for reuse, recycling, recovery and finally disposal.

The Packaging and Packaging Waste Directive (Directive 94/62/EC), which has been
amended lately regarding lightweight plastic carrier bags (Directive (EU) 2015/720), also plays
a role with regards to the topic. In its original version it defines “organic recycling” as one means
to reduce negative impacts of packaging on the environment. In the latest amendment a clearer
distinction between oxo-degradable, biodegradable and compostable is discussed, at least in
regards to specifications and labelling.
In recent years the Circular Economy Package of the European Commission revised and
complemented the legislative framework on waste. The implementation of Directive (EU)
2019/904 on the reduction of impacts of certain plastic products on the environment (SingleUse Plastics Directive) is important, because it opens the field for the introduction of biobased
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and truly biodegradable plastics as one option to solve the issue of increasing accumulation of
plastics and micro-plastics in the (marine) environment.
For NoAW project this Directive is highly relevant because it highlights the need of new,
innovative solutions. One of the main focuses of the NoAW project is the production of polyhydroxy-alkanoates (PHA), precursors of the biodegradable plastics based on agricultural
waste such as livestock manure and crops silages, which is fully in line with this new Directive.

5.4.2

EU Agricultural & Fertiliser Regulation

Anaerobic digestion usually yields a digestate that is used as fertilizer in agriculture and hence
fertilizer-related legislation has to be considered. Since fertilizers have an effect on surface
and groundwater bodies, fertilizer and water related legislations are interlinked.
To protect (ground)water bodies against pollution caused by nitrates from agricultural sources,
including digestate from anaerobic digestion or digestate products, the Nitrate Directive
(Council Directive 91/676/EEC) promotes good farming practices, for example by limiting the
periods and amount of applying nitrogen from organic fertilisers like livestock manure, by
reducing nitrogen run-off or leachate through better fertiliser management on farm level, by
planting intercrops that « catch » nutrients outside the main crops vegetation period or before
the main crop fully covers the soil or by storing manures over a longer period of time. Solutions
need to be found to extract and concentrate nutrients from livestock manure in areas where
excess nutrient levels pose a risk for the water bodies. By doing so the nutrients become
worthwhile transporting them over longer distances into regions or sectors where they are
needed. Additionally, methods of fertilising near the plants nutrient demand during the
vegetation period need to be established and promoted. NoAW addresses this topic as
described above for the Groundwater Directive by assessing precision fertilising using Nearinfrared Spectroscopy and GPS.
The Fertiliser Directive (Regulation (EC) No 2003/2003) aims at removing trade barriers
between member states for mineral fertilisers and thus creating an internal fertiliser market.
Due to its focus on mineral fertilisers it, however, only covers about 50% of all fertilisers and
excludes all fertilisers and fertilising products made from organic materials (e.g. livestock
manures, organic wastes, agricultural by-products). Organic materials offer the opportunity for
sourcing nutrients like phosphate and nitrogen locally and thus contribute not only to better
waste and nutrient management, but also to reducing dependency from external sources, to
reduce greenhouse gas emissions and to strengthen the circular economy. Within the Circular
Economy Package, the Commission reflected on this situation and presented a draft proposal
for a new Fertiliser Products Regulation in COM 2016/157/EC in 2016. Along with this are
amendments in Regulations (EC) No. 1069/2009 and (EC) No 1107/2009. This is for example
relevant with regards to biochar products, which have also been part of NoAW scenario.
For organic farming the EU-Eco-Directive (Council Regulation (EEC) No. 834/2007) on organic
production and labelling of organic products defines how agricultural products and food
labelled as organic products have to be grown. This includes regulations on suitable fertilisers
and the use of livestock manures and resulting digestates from anaerobic digestion in organic
farming. In general the EU-Eco-regulation is very open towards the use of digestate as
fertiliser, even if feedstock does not come from organic farms. The only limitation it makes is
that livestock manure from conventional farms may only be used, if it comes from non-industrial
and area bound animal husbandry. It stipulates a minimum standard that – at least in Germany
17
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– is surpassed by most organic farming labels.

EU Fertilising Products Regulation (EU 1009/2019)
The new EU Fertilising Products Regulation (EU 1009/2019) providing harmonised conditions
for making fertilisers made from such recycled or organic materials available on the entire
internal market should be established in order to provide an important incentive for their further
use. Promoting increased use of recycled nutrients would further aid the development of the
circular economy and allow a more resource-efficient general use of nutrients. The aim is to
reduce the EU dependency on nutrients from third countries, most importantly the replacement
of the Cadmium and Uranium contaminated chemosynthetic mineral phosphate fertilisers
targeted. The EU 1009/2019 scope of the full harmonisation; which will be implemented from
July 16, 2022; extended to include recycled and organic materials. Already in 2022, the primary
food production sector has to meet future policy changes: most importantly the new EU
Fertilising Product Regulation functionality specifications.
The European Commission envisages a replacement of the currently valid Regulation (EC) No
2003/2003, expanding its scope to secondary raw material based, i.e. recovered and biobased fertilising products. A new EU Fertilising Products Regulation (EU) 2019/1009 was
approved by the European Parliament and the Council of the European Union on 5 June 2019.
The new (EU) 1009/2019 Regulation is repealing (EC) No 2003/2003 by July 16, 2022 and
shall enter into force on the twentieth day following that of its publication in the Official Journal
of the European Union. This Regulation shall apply from 16 July 2022 and shall be binding in
its entirety and directly applicable in all Member States. The Regulation (EC) No 2003/2003
will be replaced by the new Regulation by July 16, 2022.
The existing EU rules do not affect the so-called ‘national fertilisers’ placed on the market of
the Member States in accordance with national legislation. Some Member States have very
detailed national rules whereas others do not. Producers can choose to market a fertiliser as
‘EC fertiliser’ or as ‘national fertilisers'.
The key elements of the new and bioeconomy driven agri fertilizer product rules are:
•

Opening the Single Market for bio-based fertilisers: The agreement on the Fertilising
Products Regulation will open the market for new and innovative organic fertilisers by
defining the conditions under which these can access the EU Single Market.

•

Rules on safety and quality: The new Regulation will provide strict rules on safety,
quality and labelling requirements for all fertilisers to be traded freely across the EU.
Producers will need to demonstrate that their products meet those requirements before
affixing the CE mark.

•

EU fertilising products divided into different product function categories (PFC), which
should each be subject to specific safety and quality requirements adapted to their
different intended uses.

•

Component materials for EU fertilising products divided into different categories, which
should each be subject to specific process requirements and control mechanisms. It
should be possible to make available on the market an EU fertilising product composed
of several component materials from various component material categories, where
each material complies with the requirements of the category to which the material
belongs.
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•

Introducing new limit values for contaminants in fertilisers.

Table 1: Type of fertiliser and the maximum limit of Cadmium

Type of fertiliser

Maximum Cadmium limit

Organic fertilisers, inorganic soil improver and other bio1.5 mg/kg dry matter
fertilisers
Organic soil improver and liming materials

2 mg/kg dry matter

Inorganic macronutrient and organo-mineral fertilisers
3 mg/kg dry matter
less than <5% P2O5 content by mass
Inorganic macronutrient and organo-mineral fertilisers 60 mg/kg phosphorus pentoxide
above >5% P2O5 content by mass (‘phosphate fertiliser’). (P2O5)
Low cadmium content organo-mineral fertilisers

20 mg/kg phosphorus pentoxide
(P2O5)

Inorganic micronutrient fertilisers

200 mg/ kg total micronutrient
content

•

Contrary to most other product harmonisation measures in Union law, Regulation (EC)
No 2003/2003 does not prevent non-harmonised fertilisers from being made available
on the internal market in accordance with national law.
o

Compliance with harmonised rules should therefore remain optional, and
should be required only for products, intended to provide plants with nutrient or
improve plants’ nutrition efficiency, which are CE marked when made available
on the market. This Regulation should therefore not apply to products which are
not CE marked when made available on the market.

The new EU regulation content is demonstrated in practice through the NUTRIMAN Nitrogen
and Phosphorus recovery thematic network, which ensures that when the new EU Fertilising
Products Regulation law harmonization is reaching implementation status by 2022, the
agricultural practitioners already know, have tried and are applying such recovered products
in practice (https://nutriman.net/farmer-platform).

EU Critical Raw Materials (COM (2017) 490 final)
Disrupted nutrient recycling is a problem for Europe and all over the world. Phosphorus and
nitrogen are lost across environmental media during food production or are wasted instead of
being used for plant nutrition (European Commission, 2016b). Reserves of the phosphate rock
used to make such fertilizers are finite, and concerns have been raised that they are in danger
of exhaustion. For long term global food security is the sustainable supply of Phosphorus, a
key resource for soil fertilisation that cannot be substituted (European Commission, 2011a).
One of the main fertiliser constituents is chemically processed phosphate rock, which has been
identified by the Commission as a critical raw material. For phosphate fertilisers, the EU is
19

Best-practice guidelines for farms and businesses on agro-waste management

currently highly dependent on import of phosphate rock mined outside of the EU (European
Commission, 2016a). Concentration of phosphorus mines outside the EU makes the EU
fertilising product industry and the European society dependent and vulnerable on imports,
high prices of raw materials as well as the political situation in supplying countries. (European
Commission, 2016b). High risk element is also that the mined and chemosynthetically
processed mineral phosphate rock containing various levels of toxic cadmium and uranium
contaminations (Smidt, 2011) (Schung E, 2013). The fragmentation of the non-harmonised
part of the market is seriously hindering trade opportunities (European Commission, 2016c).
Phosphorus-containing mineral fertilisers are produced from toxic Cadmium and Uranium
contaminated mineral phosphate deposits. Currently a 20% efficiency of phosphorus (P) use
along the mine-to-fork pathway is calculated, giving room for improvement along each step of
the process. Therefore, Phosphorous recycling is one of the key priorities of the sustainable
agricultural systems to replace mineral phosphate. Trends and developments on the global
phosphate rock market are putting the EU’s security of supply of phosphate rock under
increasing pressure. (de Ridder M., 2012).

5.4.3

EU legislation on Food Contact Materials

Biobased plastics and polyphenols extracted from agricultural by-products might come into
contact with food. For this reason, the EU legislation on Food Contact Materials (FCM) applies.
The framework is set by the Commission Regulation (EC) No 1935/2004. For plastic materials
and articles with food contact the rules are specified in the Commission Regulation (EU) No
10/2011 (Plastics Implementation Measure). The latter describes rules on the composition of
plastic FCMs,and establishes a Union list of materials that are permitted for use in the
manufacturing of plastic FCMs. The Regulation also describes restrictions on the use of the
listed substances and provides rules to determine, whether or not plastic materials and article
comply with the Regulation.
The Regulation uses „migration limits” to ensure the safety of plastic FCMs. Two migration
limits exist: Specific Migration Limits (SML) and the Overall Migration Limit (OML). The SMLs
are based on the toxicity of each specific substance on the Union list. Since a plastic FCM
does not only consist of one substance, the OML restricts the overall migration to a food from
all substances together to 60 mg/kg food, or 10 mg/dm² of food contact area.
Strong emphasis is put on documentation to ensure the safety and compliance of plastic
materials. Therefore, adequate data has to be provided – meaning communicated – throughout
the production chain up to but excluding the retail stage via a „Declaration of Compliance”
(DoC).
This regulation is being amended regularly based on the findings and scientific opinions
published by the European Food Safety Authority (EFSA). A compilation of all amendments
can
be
found
online
at
https://ec.europa.eu/food/safety/chemical_safety/food_contact_materials/legislation_en (last
visited 22 October 2019).
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6

Best practices and methods for agricultural waste
valorisation

6.1 Overview of main possibilities of agricultural waste valorisation
routes
Valorisation of manure as feedstock biogas production
Manure produced by intensive livestock rearing systems contains excess of nutrients and
organic matter. Manure, similarly to other agricultural residues, is destined to be used as
feedstock in biogas plants, especially if manure or slurry results from large animal number in
intensive farming. The biogas plant is a proven technology, it is a ready part of agricultural
sector, but it needs to be improved to be more efficient. The 2-steps anaerobic digestion
provides valuable materials besides the biogas. Moreover, we can use microbial cells to
upgrade biogas to have biomethane. This can be used in automotive sector or injected into the
gas network.

Valorisation of straw
Straw potential can be used as renewable energy source. However, not the whole straw
potential is collectable, because there are existing competitive uses, which are limiting the
whole collectable straw potential: the major one is the animal bedding (cattle and chickens).
The crop protection (for the protection of sensitive vegetables during winter against frost when
they are left in the ground), or mushroom growing industry (where wheat straw is used to
provide a composted medium), or paper pulping, etc. are also limiting factors.
Taking into account the wheat straw already used for animal feeding/breeding and soil
maintenance, about 60% of the world production is still available for energy production
purposes (varying from the geographical localization), missing clearly of valorisation outputs
(Kim and Dale, 2004).
Second-generation biofuels are produced from lignocellulosic crops, such as fast-growing
trees and permanent grasses or from straw residues. As stated by researchers (Rouches et
al.,2016), could be reached significant increase in methane production from wheat straw basis
when the straw was pre-treated with white rot fungi. Wheat straw also suitable for biorefinery
approach.
PHA is an important polymer family that has been in development stage for a while but to finally
enter the commercial market at of which production capacities are estimated to quadruple in
the next five years (Chen et al., 2016; Briassoulis and Giannoulis, 2018). It has been proven
to have the great potential as a substitute for traditional plastics due to its biodegradability.
Agro-industry waste has been investigated as a low cost substrate for polyhydroxyalkanoates
(PHAs) production. Organic waste may be subjected to anaerobic fermentation or
hydrothermal treatment to produce organic acid rich solutions. The volatile fatty acid (VFA) rich
liquors are an ideal feedstock for PHA production.
The research activities are intensive on the production of polyhydroxyalkanoates using straw
as cheap substrate: PHAs are polyesters of natural origin accumulated in form of intracellular
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granules by a wide variety of bacterial strains. Due to these R+D activities, the industrial
production of polyhydroxyalkanoates used straw as cheap carbon source is getting closer.

Valorisation of winery waste towards bio-materials
About 55 million of tonnes of vegetable waste have been produced in Europe in 2016 (Eurostat,
2019). This large amount of agro-waste does not yet find a valuable exploitation, due to the
difficulties connected to the management of a so large amount of waste and the poor diffusion
of the idea that vegetal waste can contain high value resources.
Grape growing and winemaking activities generate wastes, aside the wine. Vine shoots, grape
stalks, and wine pomace are not properly exploited although they are rich in lignocellulosic
fibres and high value molecules, such as polyphenols.
Lignocellulosic materials, such as vine shoots and stalks, constitute a significant vegetal waste
in terms of amount. Moreover, from the winery industry the main solid organic waste is grape
pomace. The amount of pomace generated depends on the grape cultivar, the pressing and
fermentation processes. However, studies have shown that pomace represent about the 2030% of the original grape weight. Grape pomace as potential source of many valuable healthy
and technological compounds, which can be applied by different industries like food and feed
production, pharmaceutical and cosmetic industry, etc..
The main components of pomace are seeds, stems, residual pulp and skin: all contains a
significant amount of bioactive compounds, such as phenols, and fibres. Indeed, it is reported
that about 70% of phenolic content is retained in grape pomace after wine processing.
The difficulties encountered in a real exploitation of the grape pomace can be identified in a
not controlled composition, that depends on grape variety, location, fertilization conditions, soil
and harvest period. Therefore, a better knowledge of the grape pomace composition should
be useful for future industrial applications.
For example, polyphenols contained in grape pomace could be better exploitable as bio-active
molecules. The conventional methods used to extract phenols from grape pomace are based
on the use of solvent, more specifically a mixture of solvent and water. Other not traditional
techniques have been also investigated mainly at lab scale. In any case, the extraction
procedures do not find yet a large development at industrial scale.
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6.2 Biomaterials, bioplastics: Summary of bioplastics, production of
PLA, PHAs (PHB, PHV) and their uses, cellulosic materials, starch,
etc.
Nowadays, the worldwide production of plastic is about 335 million tonnes per year with
bioplastics accounting only for approximately one percent of the total production (European
Bioplastics, 2019.). However, bioplastics market is estimated to continuously increase due to
the great interest that they are attracting over the last years. Bioplastics are not a single
material, but a family of materials with different properties. According to European Bioplastics
(European Bioplastics, 2019.), a bioplastic is a biobased or a biodegradable material or a
plastic material with both features. The term biobased means that plastics are derived from
renewable resources whereas biodegradable indicates the property of a material to be
degraded into natural substances (such as water, carbon dioxide, methane and compost) by
means of microorganisms available in the environment. This property strictly depends on the
chemical structure of plastics and it is not related to the source feedstock a completely
biobased material may be non-biodegradable whereas a biodegradable plastic can be of fossil
origin.Figure 9 represents the three different types of bioplastics.

Biobased

BIOPLASTICS

BIOPLASTICS

e.g. biobased PE,
PET, PA, PTT

e.g. PLA, PHA, PBS,
starch blends

Non
Biodegradable

Biodegradable
Conventional
plastics

BIOPLASTICS

e.g. PE, PP, PVC, PET

e.g. PBAT, PCL

Fossil-based
Figure 9: Classification of bioplastics (European Bioplastics, 2019.)

A small group of bioplastics comprises materials that are based on fossil resources but are
biodegradable, such as the copolymer polybutylene adipate terephthalate (PBAT) or
polycaprolactone (PCL), that is a polyester. These materials are typically used in combination
with other bioplastics in order to increase their biodegradability. Technologies to make these
bioplastics at least partially bio-based are being developed.
Another family is made of commodity plastics that are biobased but non-biodegradable, such
as biobased polyethylene (PE), polypropylene (PP), polyethylene terephthalate (PET),
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polyamides (PA), polytrimethylene terephthalate (PTT). These petroleum-free materials,
besides limiting the consumption of fossil fuels, allow reducing greenhouse gas emissions and
their properties are identical to petrochemical derivates. Currently, the most commonly used
feedstock is bioethanol, that is typically obtained from the fermentation of sugarcane or sugar
beets or by hydrolysed starch deriving from corn grains or from other crops, such as potatoes
and wheat. However, since the production of this bioethanol (referred to as “first-generation”
ethanol) competes with food production, there is a huge attention towards the development of
the “second-generation” ethanol, produced from lignocellulosic biomass, that is the most
abundant carbohydrates source and includes agricultural wastes, wood, and grasses. Among
this group of bioplastics, bio-PE is being produced on a large scale since, in general,
polyethylene accounts for more than 30% of the global plastics market.
Both biobased and biodegradable properties belong to the third family of bioplastics which
mainly include starch blends made of thermo-plastically modified starch or polyesters like
polybutylene succinate (PBS), polylactic acid (PLA) and polyhydroxyalkanoates (PHA).
PBS derives from poly-condensation of succinic acid and 1-4 butanediol. It was exclusively
derived from fossil sources in the past, but now it can be completely biobased and its market
is expected to increase.
As for PLA, in 2016 it was among the most utilized bioplastics in the world. PLA is obtained
from lactic acid (LA) and converted back into its monomer when hydrolytically degraded. LA is
a naturally occurring organic acid traditionally produced by fermentation of sugars obtained
from renewable resources, such as agricultural waste straws, dairy waste, algal biomass, food
waste. PLA presents several distinct forms due to the chiral nature of lactic acid and, therefore,
it is a very versatile material with attractive mechanical and physical properties, including
excellent barrier properties. This makes PLA a suitable candidate for several demanding
applications including film and packaging materials, textile and fibres, construction and
automotive products. Also, thanks to its biocompatibility (due to the fact that can be assimilated
by a biological system) and non-toxic features, PLA can be adopted for biomedical applications
such as drug delivery, blood vessels and tissue engineering.
PHA are among the main drivers of the growth of bioplastics, mainly due to the fact that PHA
are not a single polymer, but a family of copolymers which feature a wide array of physical and
mechanical properties depending on the length and composition of the side chains. The
chemical structure of PHA is reported in Figure 10.
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Figure 10: PHA chemical structure. R1 and R2 represent variable hydrocarbon side chains; n
represents the number of carbon atoms in the linear polyester structure

The most promising PHA is the poly(hydroxybutyrate-hydroxyvalerate) copolymer, P(HB-HV),
with properties similar to polypropylene but completely biodegradable in the environment under
both aerobic and anaerobic conditions. These polyesters are synthesized by over 300 different
species of microorganisms as insoluble granules in the cell cytoplasm that function as internal
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source of carbon and energy for microbial metabolism. PHA can be obtained from a large
range of available organic feedstock, including industrial and agricultural wastes, food waste,
animal waste, and molasses, provided that a preliminary acidogenic fermentation (AF) process
is performed. The final PHA composition also depends on the composition of the mixture of
acids deriving from AF, that is primarily affected by the feedstock nature. As a consequence,
PHA can be used for a broad portfolio of market applications, including packaging, heat
sensitive adhesives, disposable utensils, agricultural films, bulk commodity plastics, as well as
medical applications such as drug delivery. However, a large commercialization of PHA is
mainly limited by their high production cost mainly due to the use of pure microbial cultures.
The development of innovative and robust technologies that imply mixed microbial cultures
makes it possible to estimate a rapid increase in the PHA market in the next future.
It is worth of mentioning that PHA are 3-times bio polymers, because besides being biobased
and biodegradable, they are also biologically synthetized. These properties offer specific
advantages for their use in agriculture and horticulture. The use of plastics in these sectors
has steadily expanded in the last 50 years and an attractive application is the production of
mulching films. Indeed, farming practices require the use of large quantities of plastic mulching
films that are used to create a favourable microclimate at the zone of the plant roots growth by
modifying soil temperature, preventing moisture loss, retaining nutrients, and
limiting/suppressing weed growth. Due to their excellent properties, these films have a positive
impact in agriculture because improve crop yields and allow producing earlier crops and
minimizing the use of pesticides. However, the majority of mulching films are made of nonbiodegradable plastics and cannot be naturally degraded in the land environment, and their
use likely leads to a gradual increase of plastic fragments in soil. Therefore, they are removed
after each growing season, generating thousands of tons of agricultural plastic wastes each
year. Only a small fraction of plastic films is recycled since recycling is complicated (due to a
high contamination with soil) and expensive. In many cases, large quantities of agricultural
plastic waste are disposed in the fields or landfills or burnt by the farmers, releasing toxic or
harmful substances, and possibly affecting food safety. This creates serious problems of waste
management and negative environmental effects, that can be solved by using mulching films
made of biodegradable plastics. These can be incorporated into the soil at the end of the crop
season undergoing biodegradation by soil microorganisms. Mulching films based on
bioplastics provides similar benefits to plastic based films with no significant differences in crop
yields, and it has been reported that about 200 days after the incorporation of a biodegradable
film into the soil, the concentration of its residues can be very small. Presently, most
commercially available biodegradable mulching films are based on polysaccharides such as
cellulose and starch blends but a variety of biodegradable plastics can be used and, in this
context, PLA and PHA (that are both biodegradable and biobased) represent a real challenge
for enhancing sustainable and environmentally friendly agricultural activities.
Other examples of bioplastic applications in agriculture and horticulture sectors are the
production of films for banana bushes (to be protected from dust and environmental factors)
or plant pots. The use of biodegradable plastics for pot-plant marketing is particularly
interesting because it allows to directly put in the soil herbs, plants or flowers with their pots.
The latter can disperse in the soil without negative environmental impacts while plants growth
can occur. An appropriate example is Poinsettia, that is a winter ornamental pot-plant whose
demand is concentrated in the Christmas period. A large quantity of plastic pots for Poinsettia
are produced per year becoming a waste at the end of their utilization. The possibility to replace
conventional plastics with biodegradable plastics creates a good and sustainable solution to
this environmental problem.
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Finally, the largest market area of bioplastics is the packaging sector with particular reference
to the food packaging industry. The requirements for food packaging are as various as different
are the types of food. As an example, flexible packaging solutions (e.g. films and trays) are
suitable for fresh products, such as fruits and vegetables, but are inadequate for shelf-life food.
Even though bioplastic packaging materials feature as existing conventional plastic packaging
materials in terms of food protection and self-life food prolongation, there is the need to improve
their antimicrobial and barrier properties, which include gaseous (e.g. water vapor, oxygen and
carbon dioxide) permeability. In this context, innovative bioplastic-based materials for food
packaging are being studied in the frame of the NoAW project which involve the production of
composite materials made of PHA and fibers or PHA and polyphenols, that are known to
possess antimicrobial activities.

NoAW progresses
The first class of materials that can be obtained by starting from agro-waste are bacterial
polymers, specifically poly(hydroxy alkanoate)s (PHAs). In NoAW the production of PHAs is
developed by starting from Volatile Fatty Acids (VFA), produced by two step anaerobic
fermentation.
In particular, a research activity concerns the production of PHAs converting VFAs by an
innovative system that uses a mixed culture of photosynthetic organisms. In this way solar
energy will be the only source of energy and it will be possible to decrease the final cost of the
material.
The PHA materials not only are fully bio-based materials, produced by microorganisms, but
also are fully biodegradable, including in sea water, therefore they can contribute to the
decrement of the environmental plastic pollution.
Moreover, NoAW contributes to develop new strategical routes towards the valorisation of
winery waste for the production of a series of materials, as shown in Figure 11, and, more in
detail in Figure 12.
Here a sequence of different activities that can be developed:
-

-

vine shoots and grape pomaces can be milled and the obtained powders can be directly
added to a polymeric matrix using a melt-mixing procedure at high temperature to
produce bio composites;
in parallel bioactive molecules can be extracted from winery waste: a mixture of
polyphenols, tannins, some specific molecules, for example vanillic acid, if present in a
sufficient amount can be obtained. Two extraction procedures (solvent and pressurized
liquid extractions) have been optimized starting from two different kinds of grape
pomaces. The most promising extraction technique (solvent extraction) has been
selected through an evaluation by its environmental and cost impacts and will be scaled
up. In this way it will be possible to solve some problems concerning the scaling up at
pre-industrial scale of the extraction procedures.

The mixture of polyphenols can be used as antioxidant additives for polymers. In this way an
active packaging, with intrinsic antioxidant properties, by exploiting natural polyphenols
extracted from grape pomace can be produced.
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-

-

Tannins can be used as building blocks to obtain new bio-based polymeric resins.
Vanillic acid (or similar difunctional molecules) can be used to prepare new bio-based
polymers and copolymers, such as PET-like (co)-polyesters.
Finally, the residues of extraction are added to a polymeric matrix to prepare new bio
composites.

The bio composites, prepared by using the bacterial PHAs as a matrix (Vannini, 2019, Celli
2018), have the advantages:
- to be 100% bio-based;
- to be biodegradable;
- to decrease the cost of the polymeric matrix, maintaining the final mechanical properties;
- to probably have improved performances, for example in terms of antioxidant properties.

Figure 11: Activities developed in NoAW to valorize winery waste
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Figure 12: Activities developed in NoAW correlated to the extraction of bioactive molecules from winery

Finally, agricultural waste can be exploited
-

to produce monomers for polymer synthesis: a mixture of fruit and vegetal waste can
be used to produce succinic acid by fermentation.
to extract different active molecules, according to the composition: for example,
proteins and pectin can be extracted from potato processing waste.
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6.3 Biogas production and bioenergy
Bioenergy is a form of renewable energy that derives from organic material. In this context
organic matter refers to biomass, e.g. wood, straw, manure, agricultural products and byproducts as well as the organic fraction of municipal solid waste, catering waste and residues
from the food processing industry. The processes to convert organic matter into energy can
be physical, chemical, thermal, biological or a combination of those.
Biogas production via anaerobic digestion is one way of converting organic matter into
bioenergy. It is a biological process in which consortia of microorganisms convert organic
matter into biogas and fertiliser. Suitable feedstock for this process is any type of “soft”
biomass, meaning that it is poor in lignin and celluloses. Cellulosic feedstock like straw needs
special pre-treatment before it can be added to the digester. Anaerobic digestion takes place
in digesters which aim at providing ideal conditions for the microorganisms. The produced
biogas is a mix of methane, carbon dioxide with traces of hydrogen sulphide and ammonia.

Figure 13: Traditional Flow streams on biogas plants

This gas can be used in a variety of ways (see Figure 13). It is usually burned in a combined
heat and power unit (CHP), also called cogeneration unit, and the generated electricity is fed
into the public grid. The biogas plants' own electricity requirements can be met either from the
power grid or directly from the CHP unit. In addition to electricity, CHP operation also produces
heat. Part of the waste heat generated during this process is used to heat the fermenters.
Depending on the size of the biogas plant, however, most of the heat generated is available
for other uses, for example to supply heat to a district heating grid or directly to industrial
enterprises.
The amount of power and heat produced by one CHP depends on its electrical and thermal
efficiency. As a rule of thumb, the electric efficiency increases with size, while the thermal
efficiency decreases with size. Nevertheless, variations are possible depending on the supplier
and the CHP model. Table 2 shows a range of CHP sizes with typical electric and thermal
efficiencies.
Table 2: Typical electric and thermal efficiencies of CHPs

50 kW
35 %
50 %

75 kW
38 %
43 %

160 kW
41 %
40 %

250 kW
42 %
42 %

550 kW
42 %
43 %

1 MW
41 %
45 %

2,2 MW
43 %
41 %

El. efficiency
Therm.
efficiency
Total
85 %
81 %
81 %
84 %
85 %
86 %
85 %
Biogas can also be used in boilers to generate low temperatures for heating and drying
systems or for steam generation. The prerequisite is that the biogas quality meets the
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requirements of the boiler. Alternatively, the biogas can be upgraded to biomethane by
separating the CO2 and thus be used as a natural gas substitute.
Apart from biogas, the digested feedstock which is called digestate leaves the process. This
digestate still contains the largest part of the nutrients that have entered the digester with the
feedstock. Apart from the macro-nutrients nitrogen, phosphorus and potassium, digestate
contains organic matter for humus production and possibly also heavy metals as well as
organic pollutants. The latter is found in digestate from the digestion of organic household
waste, fat and grease as well as catering waste. Heavy metals might come from animal feed,
especially in pig husbandry.
The digestates’ nutrient content depends on the feedstock composition, their nutrient content
and the fermentation conditions. During anaerobic digestion, the readily degradable organic
matter is degraded, leaving behind mainly a more difficult to degrade, relatively stable organic
matter, which will eventually convert into humus. Humic matter contributes to soil aggregate
stability and thus also to the soils’ capability of retaining water and nutrients.
In the digestate nitrogen is present in a organically bound and a dissolved form. During
anaerobic digestion up to 80% of the nitrogen is converted into ammonium (NH4-N) which is
the dissolved form. In its dissolved form nitrogen is readily plant available and therefore has
the same fertilising properties as mineral nitrogen fertiliser. The organically bound nitrogen on
the other hand remains in the soil and will only become plant available after further degradation
of the organic matter which might take some years to happen.
Digestate usually has a pH-value of around 8 or even slightly higher. In combination with the
ammonium this bears the risk of loosing nitrogen in form of ammonia. One consequence is a
reduced fertilising effect, another consequence is high emissions. Therefore it is important to
apply digestate close to the plants’ demand and to immediately work it into the soil when landspreading it – e.g. by using trail hose or trail shoe technology.
Apart from nitrogen the digestate contains phosphate and potassium in a form that is easily
plant available as well as sulphur. Because of the nutrients and the organic matter, digestate
serves as fertiliser and also as soil conditioner.
A conventional agricultural biogas plant with a 500 kWel. CHP produces approx. 100 t/a of
nitrogen. Considering a maximum allowed nitrogen placement of 170 kg/(ha*a) a total area of
588 ha is needed to spread all the digestate. In areas where biogas plants meet a high
number of animal heads the totally needed area might not be available thus creating local
nutrient surpluses. In that case digestate needs to be transported – often over long distances
– to other sectors or regions. Alternatively digestate processing allows to recover nutrients in
a very concentrated form that can also be marketed.

6.3.1

Biogas in the context of Bioeconomy

Biogas plants have the potential to play a significant role in bioeconomy and by doing so to
widen the range of services for generating income.
First of all biogas plants can digest a wide range of organic residues coming from various
sectors, e.g. agriculture (manures, straw, intermediate crops), viniviticulture (grape pomace),
horticulture (fruit pomace) and food-processing industries. Depending on the lignin and
celluloses content a special pre-treatment might be needed to make the cells’ content available
for the microorganisms. This can either be physical processes like pressure and heat treatment
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or enzymatic processes. By using organic residues, biogas production is part of the circular
economy in agriculture.
Secondly, the digestion process itself yields different types of intermediate products which are
of interest for the creation of building blocks for further application. This is because of the wide
range of microorganisms present in the process. They complement and partly depend on each
other. Whilst the traditional biogas process relies on the complete degradation of volatile fatty
acids (VFA) to acetic acid, hydrogen and carbohydroxide as shown in Figure 14, the process
needs to be modified to produce longer chain fatty acids such as butyric acid which are
interesting intermediates for the bioeconomy sector. Consequently, the production of biogas
decreases, because the modification prevents a complete degradation of VFAs to acetic acid.

Figure 14: Degradation steps in anaerobic digestion

Thirdly, biological-technical interventions in the biogas process strive to increase the share of
methane in the biogas up to a level that is comparable with natural gas or by producing hythane
– a combination of hydrogen and methane.
When upgrading biogas to biomethane by removing CO2, this CO2 can also be used for further
applications, e.g. as dry ice. Research is currently trying to synthesize wax from CO 2, e.g. for
application in the cosmetics industry (A research project using Fischer-Tropsch process is
running at Fraunhofer-Institut für Keramische Technologien und Systeme IKTS:
https://www.ikts.fraunhofer.de/de/blog/aus_co2_wird_wachs.html (German only), last visited
22 July 2019).
Finally, digestate as a fertiliser can be treated and upgraded in such a way that either
conventional fertiliser products or new fertiliser products arise. In most of the projects the aim
is to concentrate nutrients and thus increase their transport worthiness. A very simple measure
is the solid-liquid separation, which already leads to higher variability when fertilising. It also
allows exporting the nutrients fixed in the solid form to another region. At the other end of the
range are large plants that aim at extracting and concentrating specific nutrients – e.g. nitrogen
or phosphorus. They use a combination of more sophisticated technologies. After recovering
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nutrients from the digestate, the remainder is a liquid that can also be used for irrigation
purposes. A more detailed description of fertiliser production is given in chapter 6.4.

6.3.2

Biogas upgrading into biohythane at pilot scale

6.3.2.1 Description of the pilot plant dedicated to biohythane (H2+CH4) production
The pilot is composed of two anaerobic reactors in series as shown in Figure 15. The first
reactor (22L) is dedicated to hydrogen production (acidogenic step). The retention time is
ranging between few hours to 1-2 days depending on nature of the inlet and hydrogen
performances. Pressure, pH and temperature are automatically regulated and the reactor was
mixed by magnetic stirring at 60 rpm. The temperature is regulated at 37°C or 55°C. The
pressure is also regulated using two peristaltic pumps connected to a pressure sensor. Pumps
are automatically activated when pressure is higher than the set value. An automatically
controlled opening valve between the first and the second reactor allows transferring the
effluent of fermentation into the second reactor for methane production. The second reactor,
dedicated to methane production, has two compartments: one, at the top, treating wastewaters
with microbial fixed beds, and the second, at the bottom, degrading the remaining solid
residues after settling. This reactor presents a working volume of 358L, with a hydraulic
retention time of 2-3 days for the liquid and a solid retention time as high as possible (>60-90
days).

Figure 15: Fully automated two-stage process for biohydrogen and methane (biohythane) production with
a feeding track specially designed for solid substrates
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Biogas composition, as well as pH, temperature, conductivity, and redox must be monitored
online. Data are stored on a software called “SILEX” (Système d'Information pour
l'EXpérimentation). Hydrogen production and VFAs concentration in acidogenic reactor should
be periodically determined by online GC-TCD, and manual analysis on GC-FID, respectively.
Biogas productivity in the first reactor is measured using the working time of the calibrated
peristaltic pump used for pressure regulation. The biogas productivity from the second reactor
is measured using a Ritter meter and methane proportion is analysed using an infrared
detector.

6.3.2.2 Preparation of the Inlet
The substrate (here wine distillery effluents and waste) should be used immediately or stored
in a tank of 1 m3 cooled at 5°C prior to feeding into the acidogenic reactor using a peristaltic
pump (see Figure 16).

Figure 16: Vinasse storage tank

A mixture composed of vinasses and microbial inoculum (5% vol) must be preliminarily
prepared and the pH adjusted to 6 using HCl (5M). The mixture can be then injected into the
acidogenic reactor for hydrogen production using a peristaltic pump. The temperature in the
first reactor should be kept at 37°C or 55°C, and the pressure set at 550 mBar. At the end of
hydrogen production (2 to 4 days), the methanogenic reactor should be fed by the effluent of
fermentation. Thereafter, 1/20th to the working volume, ie. 1 L of the effluent of fermentation is
collected and used as inoculum to inoculate the next acidogenic cycle. The methanogenic
reactor should be performed as semi-continuous mode with a temperature regulated at 35°C
and a pH at 7.5. The recirculation of the liquid phase is carried out using a pump working at
400 L/min to maintain the mixing within the reactor. The digestate (20L) can be collected each
time the methanogenic reactor is fed by the effluent of fermentation.
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6.3.2.3 Special recommendations for running a two-step reactor system
•

•

•

•

Biohythane can be produced whatever the type of mixture of vinasses used as
substrate. The full experiments showed that the mixture of vinasses used (concentrated
and tartrate-poor vinasses) can produce biohythane whatever the ratio of vinasses.
In order to reach a stable and robust biohythane production we recommend to using a
temperature of 37°C, initial pH of 5.5, and regulated pressure at 550 mBar in the dark
fermenter. These conditions enable to reach an energy recovery of 3686±205 kJ with
a ratio of H2/CH4 of 23.3±4.7 % per feeding. Moreover, with these conditions, a
recirculation of the effluent in dark fermentation process without any treatment is
feasible and reduces the cost of the process and the maintenance time (no inoculum
treatment).
If the objective is to produce a maximum of energy, the best performance was observed
using 55°C and pH 7.0 in the dark fermenter reactor and reached an energy recovery
of 4906±926 kJ with a ratio H2/CH4 of 8.9±2.1 %. However, these conditions provoke a
higher instability on hydrogen production due to the development of methanogens in
the dark fermenter even though the inoculum is heat-treated before each dark
fermentation. Thus, a maintenance of the process needs to be performed more
frequently (i.e. cleaning the dark fermentation reactor) to operate the dark fermenter
reactor at the optimal conditions and reach the best performances.
The optimization of the acidogenic step enables the reduction of some pollutants, in
particular nitrates. Interestingly, denitrification occurs during dark fermentation process
but is involved on the consumption of the substrate which outcompete the hydrogen
production. We recommend (if denitrification is required) to operate the first acidogenic
reactor at 55°C and at an initial pH of 7.5.
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6.4 Organic fertilizer production and composting
Today organic matter is mainly being converted into organic fertilizer by applying either
composting or anaerobic digestion possibly with post-treatment of the digestate. Composting
and anaerobic digestion are completely different technologies for degrading organic matter.
While anaerobic digestion is mainly suitable for treating organic matter with a high water
content, composting is used for treating organic matter with a lower water content and higher
shares of substances that are difficult to degrade, such as lignin. Figure 17 shows the suitability
of wastes for composting or digestion depending on their water content and structure.

Figure 17: Suitability of organic matter for composting or anaerobic digestion depending on water
content and structure

The main points distinguishing composting from anaerobic digestion are:
•
•
•
•
•

the energy balance
oxygen demand
emissions
odours
technical complexity.

Composting is an aerobic process and needs a constant supply of air for optimal degradation
of the organic matter. Therefore, it is important to provide a porous structure for the air to enter
the composting heap and to maintain this during the whole process. Coarse material like green
waste or branches help to create the needed pore volume. Composting depends on energy
input, especially active ventilation during the main composting stage. During the actual process
the temperature inside the composting heap rises up to 70 °C, thus pasteurizing the material.
After the process the composted material serves as soil amendment and long-term fertiliser
for example in agriculture. Most nutrients including nitrogen are bound to the organic matter.
As a result, they are not readily available for the plants. Only about 5 % of the total nitrogen
content is available in the year of application the rest first needs to be mineralised before it
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becomes available to plants. Compost mainly contributes to increasing the soils nitrogen
reserve. Additionally, the application of composting activates the soil organisms, improves soil
structure, improves the soils air and water balance and finally improves the soils aggregate
stability.
Composting plants range from simple systems with open windrow composting to completely
closed composting plants with air treatment. Important aspects with composting are odour and
gas emissions that can go along with this technology. If, for example, ventilation is not
sufficient, parts of the process become anaerobic which results in greenhouse gas and other
emissions. Therefore, the application of best practices is crucial to maximise the benefits of
composting.
Anaerobic digestion does not rely on air, but provides an environment free of air (anaerobic)
for the processing of organic matter. While composting depends on an energy input and energy
dissipates in form of heat, anaerobic digestion produces more energy than is needed to
maintain the process. And while composting yields a solid product, digestate arises mainly in
liquid form, though special digesters also yield a more solid digestate. Table 3 lists the main
differences between composting and anaerobic digestion.

Table 3: Comparison between Composting and Anaerobic Digestion

Composting

Anaerobic Digestion

Substrate
properties

Rich in structure, rich in lignin

Poor in structure,
Lignin poor

Water content

25-65%

45-90%

Microorganisms

facultative anaerobic, aerobic,
bacteria, fungi, molds, yeasts,
protozoa, rotifers, earthworms

fermentative, facultative
anaerobic bacteria, strictly
anaerobic archaea

Temperature

thermophilic
(50-70 °C)

mesophilic (30-40 °C)
thermophilic (50-55°C)

pH-Value

neutral to low alkaline

acidic to low alkaline

Process duration

8-19 Weeks

2-8 Weeks

Degradation
products

Carbon dioxide, Heat

Methane, Carbon dioxide

Technical input

low to big
Danger of corrosion

big to very big

Specific Land Use

0,7-1 m²/Mg Input

0,2-0,3 m³/Mg Input
0,2-0,5 m²/Mg Input (aerob)
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6.4.1

Fertiliser products from digestate

In contrast to compost the complete digestate from anaerobic digestion plants is usually liquid
and contains considerable amounts of ammonium nitrogen (NH4-N). Because of this digestate
is a quicker acting fertiliser which can be applied close to the plants’ nitrogen demand.
Additionally, organically bound nitrogen needs time to mineralise in order to become plant
available. This part contributes to the soils’ nitrogen reserve. On the other hand, ammonium is
in a balance with ammonia (NH3), a gas that is released from the digestate at high
temperatures and/or high pH-levels. Ammonia volatilisation leads to nitrogen losses into the
air. Therefore special care has to be taken when applying digestate to the land. To minimise
losses digestate is best applied during good growing conditions using a band applicator (trailing
hose or trailing shoe) or a shallow injection system. In combination with a flow meter and a
NIRS to determine the fertiliser value in real time an optimal fertilisation is possible.
Digestate treatment has become increasingly relevant as an alternative to conventional land
application, especially in regions where a high number of animal heads and many biogas plants
exist, because both animal husbandry and anaerobic digestion produce a fertilizer and thus
influence the nutrient balance in the soil.
Digestate treatment is carried out to:
•
•
•
•
•
•
•
•
•

Save application costs
Facilitate transportation and nutrient export away from regions with a high nutrient
concentration
Produce marketable fertilizer
Produce compost
Reduce the amount of nutrients in the liquid phase
Avoid the escape of gaseous pollutants into the atmosphere
Decompose odor intense components
Deactivate pathogens and weed seeds
Improve transportability and reduce storage space through liquid removal
(Lokale Energie Agentur Oststeiermark, 2007; Weiland, 1997)

When it comes to digestate treatment, there are physical, chemical and biological
processes, which, in many cases, depend on each other. Regardless of the final product the
basic treatment processes usually starts with the same first step: digestate is brought into a
solid-liquid separator, producing a solid and a liquid phase. These phases are either treated
further or applied directly to the field. Figure 18 shows this basic process step.
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Figure 18: Basic processes of digestate upgrading (Fuchs & Drosg, 2010)

The following paragraphs describe the principle functioning of basic and further processing.
Whether or not digestate treatment makes sense depends on many factors, especially the
need for nutrient exports or the creation of a new business case, because each treatment step
involves additional machinery, energy and efforts resulting in increased costs for the final
products.

4.4.1.1

Physical treatment methods

Physical treatment usually starts with separating solid matter from the liquid. This reduces the
storage volume for the liquid phase, allows a better fertilizer management and also facilitates
further treatment of the solid matter. Further treatment of the solid matter usually includes
drying or composting and sometimes pelletizing of the solid phase for the purpose of
stabilization and upgrading the former digestate into a marketable product. This produces solid
fertilizer, litter and, although very rarely, pellets to serve as fuel in stoves. For the most part,
the practice of burning digestate pellets is still subject of discussion and research – especially
because of the higher NOx-emissions in comparison with conventional burning materials.
(Fuchs & Drosg, 2010)
The liquid phase’s most popular application is still land application for agricultural biogas
plants. If the feedstock has a high dry matter content it is also recirculated within the plant to
dilute the feedstock. In this case nitrogen accumulation might be an issue and respective
monitoring is needed.
For biogas plants in regions with a high nutrient concentration it might be necessary to further
treat the liquid phase because the maximum amount of nitrogen in the soil would otherwise be
exceeded. In this case, the methods and targets are twofold:
•
•

Mass reduction, mostly through vaporization or membrane separation techniques
Extraction of nutrients or other components which allow the remaining liquid phase to
be brought into surface waters

In most cases, these targets can only be achieved by lining up multiple processes. This means
that the treatment is connected to relatively high efforts and costs.
Further physical treatment methods include ammonia-stripping, drying through evaporation
and reverse-osmosis.
Examples of full-scale applications for nutrients recovery from digestate including a technoeconomic analysis are given in Bolzonella et al (2018).
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4.4.1.1.1
Screw press separators and decanter centrifuges
Depending on the digestate properties typical machines used for liquid-solid-separation are
screw-press-separators or decanter centrifuges. Screw-press separators are used for fibrous
digestate, as the fibres build a press cake that contributes to the result. Non-fibrous slurries,
e.g. from anaerobic sludge stabilization or from catering waste digestion, are separated using
decanter centrifuges for separating liquids from solids. Often flocculants are needed to achieve
an acceptable separation result.
Both the screw press separators and centrifuges represent “state of the art”-technology which
means that they are relatively easy to handle and cost efficient in both investment and
maintenance.
The liquid phase makes up the majority of the mass, usually between 80 and 90 % of the total
input. Further processing of the digestate without any previous separation of the solid and
liquid phases is only rarely carried out. (Lokale Energie Agentur Oststeiermark, 2007)
It is not possible to separate or extract nutrients from the digestate with these applications,
meaning that the nitrogen will remain in both phases, predominantly in the liquid phase.
Phosphorus, however, is predominantly available in the solid phase.
Of these two machines, the screw press separator represents the most energy efficient with a
consumption of around 0.4-0.5 kWh/m³ compared to that of the centrifuges 3-5 kWh/m³. Figure
19 shows the effect of mechanic separation of digestate with the distribution of mass and
contained components. The blue bars represent the liquid and the green bars the solid phase.
(Fuchs & Drosg, 2010)

Figure 19: Nutrient distribution in digestate
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As can be seen in Figure 19, the majority of the total mass and also the nitrogen content of the
digestate, both total and organically bound, remains in the liquid phase after separation. This
is especially important in regions where nutrient overload, nitrogen in particular, is an issue.
Depending on the severity a subsequent further nitrogen removal – e.g. via stripping (section
4.4.1.1.5 ) – is theoretically possible and easier to achieve.
4.4.1.1.2
Belt filters
Using a belt filter for solid-liquid separation of the digestate produces a solid phase with very
high dry matter content compared to the screw press separator. It also consumes less energy
than a centrifuge. A major downside is the high demand of flocculation products (chemical
treatment) which are necessary for a satisfying separation process. It is about two to three
times higher compared to the centrifuge and power consumption amounts to 1.5–2 kWh/m³.
4.4.1.1.3
Drying through evaporation
Since thermal drying is very energy intensive, this method is only used after a mechanical
separation of the solid and liquid phases through one of the above mentioned treatment options
has been carried out. Normally the solid phase is dried further to make its transport more
economic.
It is also possible to process the liquid phase using vacuum evaporation. Here the target is
also volume reduction by evaporating the water and thus concentrating the nutrients in the
concentrate. Often the concentrate is mixed with the separated solids before they are either
dried further or spread on the land. The water vapor also still contains nutrients and can only
be released into surface waters after yet further treatment.
In any of the two cases a cheap heat source is needed, which is typically the recovered heat
from the CHP-unit burning the biogas. Heat leads to increased ammonia evaporation and care
has to be taken to recover ammonia in order to prevent venting it to the atmosphere.
The most common use for dried fertilizer is still agriculture, although attempts are being made
to market the product to private gardeners. The reduced volume allows exporting nutrients to
other regions.
4.4.1.1.4
Filtration and reverse-osmosis
If a separation of fine, organic and inorganic digestate components from the liquid phase is
desired, micro- and ultrafiltration represent an interesting treatment method, especially as a
pre-treatment for a following reverse-osmosis. The size of removable particles ranges from 10
µm to 0.01 µm.
During the reverse-osmosis, the pre-treated liquid phase is pushed through a semipermeable membrane to remove suspended solids, organic compounds, colorants, viruses
and bacteria from the water. Around 95-99 % of all suspended solids and 99 % of the bacteria
can be removed through this method.
4.4.1.1.5
Ammonia-stripping
For the purpose of removing ammonia from the liquid phase or to extract it for fertiliser
production, the liquid phase of the digestate can be stripped. This means that volatile
compounds inside the liquid are pushed out via stripping gas. The volatile compounds enter
the gaseous phase through an increase in temperature or a reduction in pressure and are then
carried out of the system with the stripping gas. Usually the stripping gas passes an acid
washer to remove the ammonia from the gas before it is released to the atmosphere.
Alternatively the gas can be passed through gypsum (e.g. from flue gas desulphurization). In
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both cases the final product is ammonium-sulphate-solution, a commercial fertilizer product.
Depending on the stripping method CO2 might also be released from digestate (One
exapample is the ANA-Strip process by GNS). This CO2 would also react with gypsum
producing lime, which is also used on agriculture as soil amendment.

4.4.1.2

Chemical treatment methods

The digestate is treated chemically for the purpose of extracting nutrients, but also to prepare
the digestate or slurry for liquid-solid-separation. For a complete removal of all nutrients,
multiple processing steps are necessary. Flocculation and precipitation of the nutrients are
the most common chemical treatments. This method is effective for phosphate but is not
relevant for nitrogen removal. For this reason and for the high costs, the chemical treatment is
not commonly used in agricultural biogas plants.
To reduce the nutrient quantity and extract them, iron- and aluminium-salts can be added to
the digestate. This causes a flocculation, transferring the compounds into an insoluble state
allowing the solid flocculants to be removed from the liquid via sedimentation, filtration or
flotation. Although this technology represents a safe and reliable practice, it is only rarely used
since a market for nutrient fertiliser has to be established and this method only works in line
with previous treatments. Newer approaches also use a combination of lowering the pH-value
by adding acid to raw manure or digestate and thus dissolve phosphorous into the liquid phase.
After separating the solids, a caustic base (sodium hydroxide) will cause the precipitation of
phosphorous salts that can then be separated from the liquid. (Lokale Energie Agentur
Oststeiermark, 2007; Fuchs & Drosg, 2010; Wetter, 2018)

4.4.1.3

Biological treatment – composting

Aerobic degradation or composting of the solid phase of the digestate after the first mechanical
separation is a widely exerted method to produce a valuable and marketable end product.
Since the digestate already underwent anaerobic digestion, the reduced content of carbonbased compounds considerably shortens the aerobic digestion process. This also means that
the process temperature is lower compared to composting without preceding anaerobic
digestion. Thus, it takes more time for the digestate to be sanitized. In particular the Regulation
on the recovery of biowaste agricultural, forestry and horticultural use soils (BioAbV) regulates
the condition of the composting process in order to be consider also as sanitation of the
biowaste.
Composting is especially popular in dry digestion biogas plants since the digestate does not
need to be separated into a liquid and solid phase, and the BioAbV regulates that the water
content should be at least 40%. (Bundesministerium der Justiz und für Verbraucherschutz,
2017).
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6.4.2

Comparison of specific costs for digestate treatment methods

Naturally the most important criteria for planning and running a digestate treatment line are the
investment and operating costs. All numbers of Table 4 compares net costs for six different
method combinations. These represent a rough approximation since the exact costs depend
on multiple factors like the type of the transporting machine, the distance from the biogas plant
to the fields, the share of the liquid phase in the digestate, the nutrient content and more.
(Fuchs & Drosg, 2010).

Table 4: Comparison of specific costs for digestate treatment methods. (Fuchs & Drosg, 2010)

Fixed costs
Energy and
operation
materials costs
Transportation
and
application
costs
Gross costs
Nutrients
(saved
fertiliser costs)
Bonus for own
heat usage
Net costs

Screw
press
Centrifugal
separation
separation,
and
ultrafiltration
drying on
and reversea belt
osmosis
dryer
[€/m³ Digestate]
4.01
5.19

Direct
digestate
application

Screw
press
separation
and
application

Centrifugal
separation
and
evaporation

Centrifugal
separation,
stripping
and
flocculation

1.62

2.15

3.03

5.07

0.29

0.30

3.74

2.77

7.03

3.42

4.42

4.77

4.53

3.17

2.82

2.21

6.33

7.23

12.28

11.13

12.88

10.70

-4.40

-4.40

-4.26

-4.40

-4.40

-4.38

-

-

-1.23

-

-2.15

-0.88

1.94

2.82

6.80

6.72

6.32

5.43

For the biogas plant operator, the most economical solution to treat digestate is the direct
application onto the fields, followed closely by the solid-liquid separation using screw presses
in combination with land application. Nutrients are mentioned as negative costs because the
operator doesn’t have to spend money on phosphorus-, nitrogen- and potassium-fertilizer. All
processing steps lead to higher costs in comparison with direct application which is why
digestate upgrading can only be economically attractive if there is a market for recovered and
easily transportable nutrients or if the nutrient pressure on soil is very high. The condition for
this scenario is a surplus of nutrients in the region where the biogas plant substrates are
produced.
In future a combination of treatment methods aiming at removing and concentrating nitrogen
and phosphorous from digestate will become more and more relevant. The remaining water is
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rich in potassium and can be applied to the land close to the biogas plant, while recovered
nitrogen and phosphorous products are likely to be used in dedicated fertiliser products.

6.4.3

Best practice example: Agroenergie Hohenlohe GmbH

Originally Mr. Karles business was to fatten pigs. Due to low prices in this sector he began to
investigate additional sources of income for his farm. Biogas seemed to be a good option since
it allows to generate income from treating manures. The plan was to complement the manure
with other feedstock like sugar beet leaves and organic residues from the farm.
At that time – the turn of the millennium – only a small number of biogas plants existed and
one had to travel far to visit a biogas plant and talk to operators about their experiences. This
way Mr. Karle developed the idea about “his” biogas plant.
In 2001 Thomas Karle started operating his first biogas plant. The biogas plant was constructed
with quite simple technology and had a digester volume of 600 m3 and a co-generation unit
with the power of 55 kWel, which was below average (190 kWel) at that time. Over time the
biogas plant has been modified and optimised continuously.
Mr. Karle took the first step in 2003 when he increased the size of his biogas plant and installed
a bigger CHP-unit with approx. 300 kW electrical power. Operation of the new plant started in
2004. To produce the necessary amount of gas Mr. Karle increased the amount of digested
energy crops and also added leftovers from fruit and vegetable processing.
Again, in 2007 the biogas plant was upgraded by installing a micro gas-turbine in cooperation
with Greenvironment GmbH and by constructing a green-house type system for drying the
digestate. Greenhouse and micro gas-turbine had the synergy effect that exhaust gas from the
gas turbine served as hot air for the drying process. After drying the digestate is pelletised and
sold as fertiliser (see Figure 20 and Figure 21).

Figure 20: Pellets from Digestate (picture credits:
IBBK Fachgruppe Bigoas GmbH
Figure 21: . Figure: Packaged Pellets for private
Gardeners (picture credits: IBBK Fachgruppe
Biogas GmbH)

To maximise the heat use from the CHP Mr. Karle has built a district heating grid in 2009 to
supply the village of Füßbach with renewable heat. When the district heating started operation
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in winter 2009/2010, Füßbach was awarded to be the first “Bioenergy village” in the district.
Another part of the heat is used for grain drying by an external company.
In 2012 the micro gas-turbines were taken out of operation because of technical issues with
the gas cleaning. Instead a second CHP-unit was installed.
Since 2013 the CHPs are operated flexibly, which means that they produce electricity at times
when electricity is expensive and don't run during the night, when the prices are low.
The next step of expanding the bioenergy village together with the biogas plant was the
foundation of “eFüßle”, a car-sharing initiative for the village. At the moment the electricity for
this initiative is taken from the grid into which the biogas plant also feeds the produced power.
In future, after the period of fixed feed-in tariffs, electricity for charging the cars might directly
come from the biogas plant.
Mr. Karle often cooperates with universities and research organisations. He collaborated with
the “Fraunhofer Institut” in a project that aimed to find new and feasible ways for farms to
produce a diverse range of fertilisers from the digestate. Currently, in 2019, a pilot plant for
recovering nitrogen and phosphorous from digestate is taken to the next step by implementing
a full-scale demonstration plant.

Figure 22: Biogas Plant Karle / Agro Energie Hohenlohe GmbH & Co. KG; blue containers in from: pilot
plant fro nutrient recovery (picture credit: IBBK Fachgruppe Bigoas GmbH)

After a careful solids separation the liquid phase is processed further. Nitrogen is recovered
by firstly stripping it from the liquid and then washing it out of the stripped air in an acid washer
producing ammonium sulphate solution. Phosphate is recovered by precipitating phosphorous
salts. With those recovered nutrient streams it will be possible to produce tailor-made fertilisers
for special demands, assumes Mr. Karle. What remains is a liquid with very low nutrient
contents that is suitable for irrigation. More Information is available from the NoAW Factsheets
(NoAW 2020 Factsheets, 2019).
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6.4.4 Best practice example: High nutrient dense ABC-BioPhosphate
recovery from food grade animal bones

Europe’s access to phosphate/phosphorus (critical raw material) is under threat, over>88%
reliant on imports while contains dangerously high levels of Cadmium/Uranium toxic metals.
TERRA BioPhosphate has been objective driven developed to fully meet Circular-Economy
Fertilising Products Regulation and its new markets.
Terra developed (under multi-actor EU-application and market driven RTD programmes 20022019) a market-creating, breakthrough and high-potential original innovation with the potential
to create entirely new markets as of new 2022 EU Regulations to recover pure and
concentrated phosphorus (BioPhosphate) from unexploited biomass food-grade cattle animal
bone.
The company’s proprietary “3R” zero-emission-pyrolysis-technology treats the bones at 850°C
high carbon refinery temperature in the absence of oxygen. The result is the (apatite-based)
BioPhosphate with 30%-36% P2O5 content, having same concentration as mineral phosphate
(also apatite-based) and considerably higher than other organic sources, usually far below
<5%- P2O5.
The ABC-BioPhosphate is a natural and organic product with macrospores structure and
economically high concentrated recovered Phosphorus content, that is made of food grade
animal bones. According to the Eurostat databases more than 45 million tonnes of animals
(bovine, poultries and pigs) slaughtered in the EU 28 countries (Eurostat, 2015).
The ABC-BioPhosphate commercial products formulated to BIO-NPK-C in any composition as
of user/market demands for both organic and low input farming application cases.
The ABC-BioPhosphate contains high amount of Phosphorus expressed in P2O5 (over >30%)
and Calcium (37%) that are processed to be available for plants, which allows efficient,
environmentally safe and naturally renewable phosphorus supply. Beside the highly available
recovered phosphorus/calcium content the ABC-BioPhosphate also contains other important
recovered trace elements, and other nutrients, such as K and Mg.
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Figure 23: BioPhosphate technology (Figure credit: Terrra Humana Ltd.)

The product is a fully safe and economical innovative fertilizer with primarily application in the
horticultural organic/low input farming cultivations with combined beneficial and multiple
effects. The market competitive ABC-BioPhosphate product is proven field demonstrated to
validate ABC-BioPhosphate agronomical effects. Several open field and green house
cultivation tests have been performed in IT, IL, HU, DE, NL, SI and DK under different
temperate climatic and soil conditions. Both the 3R zero emission pyrolysis and nutrient
recovery process and the ABC-BioPhosphate products in open ecological soil environments
are EU Authority permitted. (MS permit number: 6300/13393-2/2019 for lawful marketing in the
EU 27 according to the EU 2019/515 implemented beyond 19 April, 2020.)
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Figure 24: BioPhosphate products (Figure credit: Terrra Humana Ltd.)
BioPhsohate technology and product information:
nutriman.net/farmer-platform/product/id_192
nutriman.net/farmer-platform/technology/id_193
www.3Ragrocarbon.com
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6.5 Best practice examples of waste valorisation routes
Within the NoAW project an expert assessment on strengths, weaknesses, opportunities and
threats (SWOT) of different waste valorisation routes was conducted. The so called “SWOT
analysis” aimed at identifying the strengths and weaknesses of the valorisation routes (internal
to the valorisation routes) and to relate them with the opportunities and threats of the macro
environment (external to the valorisation routes), such as economic or legal conditions.
To conduct the SWOT analysis, almost 60 interviews with experts in Europe and China were
analysed. The target group of the interviews comprised a wide range of stakeholders dealing
with agricultural wastes such as farmers, converters, R&D institutions, governmental
organisations, NGOs and universities. In these interviews, the experts were asked for their
most preferred valorisation routes and their assessment on these routes. These statements
were coded to the 4 categories of SWOT: strengths, weaknesses, opportunities and threats.
This best practice guideline now focusses on the success factors and barriers of the SWOT
results of the most preferred and most mentioned valorisation routines, as the experts overall
mentioned more than 30 different valorisation routes.
Grinding and mulching
Mainly stakeholders of the wine sector refer to this already established waste valorisation
route. The majority of experts assess grinding and mulching as a low-cost valorisation route
as it is labour extensive and time extensive. Additionally, it is easy to implement and has a
positive environmental impact such as on the soil balance by improving the organic matter in
soils. It meets today’s and future legal obligations. A success factor for grinding and mulching
is identified in legal obligation or tax incentives which in future could favour the use of wastes
for grinding and mulching. Furthermore, it is successful if the cost- and time-effectiveness are
major decision criteria for the valorisation route. A failure factor refers to the costly machinery
for grinding and mulching and the lack of qualified staff.
Composting
The experts assess composting as a cost-effective, environmentally- and particularly soilfriendly valorisation route. Major success factors from the experts’ point of view is the necessity
to identify suitable markets for the valorised product and the handling of legal obligations or
tax incentives. The combination of composting with biofuel production seems promising.
Barriers are mainly identified for those schemes where composting is organized on a supraorganisational level. Schemes which need regrouping, sorting, treating and selling seem to
hold several uncertainties and challenges. Firstly, investments are needed for cost-efficient
solutions to collect and sort waste. Secondly, bureaucratic barriers should be reduced. Hence,
at this moment, composting is a suitable valorisation route for straw-containing manures and
plant residues on the level of the individual organisation. Composting at a bigger scale is less
evident and needs solutions in terms of logistics, investments and marketing.
Biomaterials
In general, the experts assess biomaterials as a future-oriented and commercially interesting
technology. Furthermore, its scheme is advantageous as it can be combined with other
valorisation routes such as biofertilizer and bioenergy. The experts emphasize an urgent
necessity for a more cost-effective production of biomaterials, e.g. by combining its production
with other valorisation routes. A further success factor is the need to invest into Research and
Development as well as market research to identify possible markets. Barriers for a success
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of biomaterial valorisation routes are subsidies which favour biogas production and that not all
wastes are suitable to produce biomaterials.
Biogas and bioenergy (biomass)
Many experts comment on the valorisation routes biogas and bioenergy, wherefore only the
most often arguments will be presented here. Biogas and bioenergy are assessed as a futureoriented promising technology. It is advantageous as it is an environmentally friendly
technique. Many different success factors were mentioned, such as the profitability and costeffectiveness of this valorisation route and the present degree of maturity of this valorisation
route e.g. regarding the method itself and the logistic infrastructure. The possibility to combine
this valorisation route with agricultural activities and other valorisation routes (bio refinery,
composting, biofertilisers) appears to be even more attractive. Furthermore, a crucial success
factor is the governmental support as bioenergy is subsidized and biogas and bioenergy are
crucial part of the recent transformation of the energy sector. The experts identify barriers
mainly in the availability of feedstock in sufficient quantity and quality and the along coming
logistic questions, such as the collection of wastes. They also refer to certain challenges that
can cause high production costs, e.g. depreciation, transportation, maintenance, labour and
collection.
Biofertilisation
Many experts comment on the valorisation routes biofertilisation, which is why only the most
often arguments will be presented here. Many experts evaluate biofertilisation as a futureoriented and environmentally and soil friendly techniques contributing to a circular economy
approach. Some experts state that it is a low-cost technique, e.g. because other ways to
dispose slurry and manure would be more expensive. It is also advantageous as it can also be
combined to other waste valorisation routes. Relevant success factors are primarily the costeffective of biofertilisation, because the demand is still low and costs for collecting,
transportation etc. of the wastes are high. A clear promoting factor are legal obligations or
economic incentives through taxes to further push the biofertilisation scheme. However, the
legal framework for biofertilisation is not yet clear. Missing logistical infrastructure due to e.g.
missing storing or collection possibilities are also barriers for a market success. Threats are
also existing through the low costs of fossil-based fertilizer options.
Synthesis of SWOT
Biogas, biomaterials and biofertilizers are considered as the most promising valorisation routes
and confirms the pertinence of the cascading principle.
The topic of logistics and appropriate scale of the sites is for sure a crucial transversal
challenge. Solutions for identifying, sorting, stocking and storing, transporting of as well
feedstock as of products is a crucial one. The necessity of, at least in part of the domains,
industrial scale of the processing plants becomes evident. Particularly collecting and
transporting heterogeneous low-value feedstock over long distances and from a large number
of sites has evident limits. Re-distributing organic matter back to the agricultural land where
they origin constitutes a further challenge. The ecological footprint being one of the key
requirements to be fulfilled by future solutions, the transport issue has to be considered
critically. Consequently, the research and development efforts have to take into account that
not only big industrial sites are to be conceived, but as well medium or smaller solutions for
local scopes.
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The equilibrium of organic matter in soils is as well raised transversally by the experts. Soil
fertility depends in crucial manner on the content of organic matter. Modern agriculture has
brought about an important reduction of organic matter, rendering soils vulnerably to erosion
and incapable of maintaining nutrients and water. Future-oriented solutions for valorisation
routes must consider this and organic matter (from manure and straw) must be fed back into
soils. This is particularly important for organic agriculture which, following consumer demand,
occupies rising surfaces all over Europe.
Another transversal issue is the question of investments: even in well-established valorisation
routes, the economic equilibrium is often fragile and depends on the competitiveness with
fossil-based material flows. It is difficult to get private funds for bigger and long-term
investments under these conditions.
Research and development are the next transversal issue. All valorisation routes evoked
here, even the well-established ones, need still more and new research and development
input, on technical questions as well as on logistics and socioeconomics.

50

Best-practice guidelines for farms and businesses on agro-waste management

6.6 System approach for waste and loss analysis
There is an increasing demand for a more competitive production and on a global food market
cost reduction is a basic requirement for food SMEs. Wastes, losses and related unnecessary
costs can be identified by a system approach for waste and loss analysis. A new procedure
was developed by Campden BRI Hungary for systematic dentification of the valorisation
opportunities of agro-waste to ensure the selection of the most feasible eco-efficient
valorisation routes. The structured approach includes a step-by-step analysis of types, amount,
sources, causes of losses and waste; the definition and characterisation of the targeted
intermediate or end product for each valorisable material for each process step; the
identification of methods, solutions, techniques for valorisation of waste, by-products into
exploitable materials, products; followed by exploration of the different alternatives; evaluation
of strategies and techniques for valorisation of waste and by-products, and selection of the
most efficient valorisation routes. Existing methods put less emphasis on chain approach
therefore this new method provides a new framework. It helps to understand the potential of
prevention, reduction and valorization of agricultural wastes along the whole chain and
integrates different assessments such as compliance with human safety and legal
requirements, evaluation of environmental and social impact.

Short description of the concept

The approach is based on mapping the process of production of the agricultural material along
the whole value chain and analysis of the types of waste and losses, their causes, sources and
valorisable material content step by step. Mapping means splitting the whole process into
consecutive steps and preparing a flow chart. At the valorisation phase for the selected
valorisation routes, the flow-chart has to be extended with the steps of the valorisation
processes.
For each type of waste and losses and each cause of waste and losses the methods for its
control (Reduce-Reuse-Recycle, i.e. prevention, elimination, reduction to an acceptable level)
or/and valorisation will be defined systematically, the feasibility of the application for each
control method and valorisation method will be assessed and the priorities will be established.
An inventory of valorisable materials will be prepared during the step-by-step analysis.
Based on the priority analysis the hotspots for control of losses and valorisation of waste will
be identified.

From this point two consecutive routes have to be followed to achieve the objectives.
1.
It has to be ensured that only that type and amount of waste is generated, which is
unavoidable, e.g. to maintain the level of waste at the technical minimum (REDUCE principle).
For this task the amount of the generated waste and losses have to be measured and
performance criteria shall be established for controlling the waste generation and to indicate
when the actual operation is acceptable. (Steps 4, 6-9)
2.
For the waste, which can’t be avoided, the hotspots have to be identified, considering
the whole process of waste valorisation from collection through segregation, stabilisation,
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logistics till conversion. For hot-spots strategies and techniques for valorisation of the waste
and the by-products have to be selected (REUSE and RECYCLE principles) and developed,
and their feasibility be verified with focus on the hot-spots. (Steps 5, 10-19)
3.
For the feasible strategies, technologies, the compliance to food/feed safety and legal
requirements has to be checked.
4.
For those which are in compliance with the food safety and legal requirements, the
acceptability from the aspects of environmental (step 20) and social impact (step 21) has to be
evaluated.
5.
Those strategies, which are acceptable from the aspects of environmental and social
impact, will be implemented.
6.
The whole analysis has to be re-evaluated periodically at least every 3 years, or in case
of any significant change in the process.

52

Best-practice guidelines for farms and businesses on agro-waste management

Flow chart
1. Map the agro product supply chain
2. Describe all sources of losses, by-products and waste for each step and their causes focused
on the priority areas of the waste and loss analysis (see TEMPLATE 1)

3. Characterise the losses, by-products and waste – quantity, composition of byproducts/waste, content / concentration of valorisable materials. Consider accessibility, stability,
seasonability. (Template 1a)

Modify the strategy, no
method, or stop

10. Prepare an inventory
of valorisable materials
and technological options
for their utilisation (see
TEMPLATE 2)

5. Identify methods, solutions
techniques for valorisation of waste,
by-products into exploitable
materials, products (Template 1b.)

4. Identify methods, solutions for
their prevention, elimination or
reduction to an acceptable level.
Evaluate their feasibility
Is it
feasible?

11. Describe the target intermediate and end
products (TEMPLATE 3)

yes
12. Identify hotspots for
valorisation of waste and byproducts

6. Identify hotspots for control of
losses

16. Select strategies and
techniques for valorisation of
waste and by-products

7. Establish performance criteria

13. Establish performance criteria
for each hot-spot

8. Monitor performance

14. Monitor performance

17. Develop strategies and
techniques for valorisation of
waste and by-products

9. Implement corrective actions, as
necessary

15. Implement corrective actions,
as necessary

18. Verify the feasibility of the
developed strategies and
solutions

19. Verify compliance to human
safety and legal requirements

yes

Is it
feasible?
no

Modify the strategy,
method, or stop

Is it in compliance
with human safety
and legal
requirements?

no

Modify the strategy,
method, or stop

yes
20. Evaluation of the environmental impact (Template 4)

Is it
acceptable?

no

Modify the strategy,
method, or stop

21. Evaluation of the social impact (Template 5)
no

Is it
acceptable?

no
yes

Are both
acceptable?

yes

yes

22. Implement strategies and techniques for valorisation of waste and by-products
23. Periodic re-evaluation of the process including the technological and market potential and feasibility of valorisation of
the waste and by-products
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Procedure

1.

Define the agro product chain, which is analysed.

2.

Define the starting steps and the final step of the agro-product chain.

3.
Define the area of application. Specify the geographical area and/or a specific case
within that, as appropriate.
4.
For each process step of the production of the agricultural product list each type of
waste + cause and targeted use (Template 1.a) Waste type/name: accurate description of
the type of the waste, e.g. straw, manure, head of sugar beet, corn husk, etc. Type of
valorisable material: protein, bioactive material, biogas, PHA, digestate etc.
5.
Describe the total quantity of waste, the concentration of the valorisable material and
calculate the quantity of these valorisable materials
6.
Define methods, techniques, technologies (measures), which can be used as
prevention measures: to reduce Quantity (column J) by elimination or reduction of waste and
by-products to an acceptable level OR measures to improve the Quality/Yield of the waste
for further processing as applicable at the generating process (column K).
7.
Calculate scores for defining the priorities from the previous aspects of preventive
measures.
Use the following priority matrix:
S Significance (1-4): 1. Negligible; 2. Medium; 3. Considerable; 4. High
F Feasibility (1-5) 1. Difficult; 2. Low; 3. Medium; 4. Considerable; 5. Easy (strong, economic,
worth to deal with)
P Priority:
1 - 4: Action is not required
5 - 8: Short term action is not urgent, consider actions, changes on longer term
9 - 11: Action necessary
12 - 20: First priority for action
8.
Based on the top priority define hotspots, which are the main points on which
preventive actions for reduction of waste should be focused.
9.
Define measurable performance criteria, which indicate whether the waste reduction
activities are carried out properly.
10.
Establish a system for monitoring the performance of the preventive action. Define
the method of monitoring, minimum frequency of checking (a continuous monitoring may be
applicable), the responsibilities for monitoring and the file, where records are made.
11.
Define corrective action for the case, when monitoring indicates that the performance
is poorer than the level defined by the performance criteria. Define the task to be carried out,
the responsibility of corrective actions and name of the file, in which records are made.
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12.
Define the targeted intermediate or end product for each valorisable material for each
process step (Template 1.b.)
13.
For each process step and targeted product and waste type define the measures
(method, technology), which can be used to prepare the intermediate and end product.
14.

Prepare an inventory for valorisable material (Template 2)

15.
Characterise/describe the target intermediate/end product obtained from valorisation
of agro-waste (Template 3).
Prepare a description for each targeted end product and intermediate product.
16.

Select strategies and techniques for valorisation of waste and by-products

17.

Develop strategies and techniques.

18.

Verify their feasibility.

19.

Define the priority for valorisation of waste (Template 1.b).

Use the same matrix as at step 7.
F Feasibility (1-5) 1. Difficult; 2. Low; 3. Medium; 4. Considerable; 5. Easy (strong, economic,
worth to deal with)
F Feasibility (1-5) 1. Negligible; 2. Low; 3. Medium; 4. Considerable; 5. High
P Priority:
1 - 4: Action is not required
5 - 8: Short term action is not urgent, consider actions, changes on longer term
9 - 11: Action necessary
12 - 20: First priority for action
The top priority have/has methods, where the higher scores were received.
20.
Select hot-spots, priority action points for waste valorisation. These valorisation
hotspots are the key points, which basically influence the success of the valorisation and
where the proper operation of valorisation efforts has the largest impact.
21.
Define performance criteria for the key steps of the valorisation procedure, when the
process operates appropriately.
22.
Establish a system for monitoring the performance of the valorisation step. Describe
the method of checking, the frequency, the responsible person(s) and the files, where
records are made.
23.
Define corrective actions for the case, where the performance if not in line with the set
performance criteria. Define the tasks to be carried out, the responsibility for the corrective
action and the files, where records are made.
24.

Evaluate compliance with human safety and legal requirements.

25.
If the product/process in compliance with the human safety and legal requirements,
evaluate environmental impact (Template 4) and social impact (Template 5).
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The aspects of the evaluation of the environmental and societal impact for templates 4 and 5
will be provided by the NoAW project at a later stage.
26.

Implement the strategies and techniques.

27.

Review the whole process at any changes or at least in every 3 years.
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Notes:
Column B
Column C
Column D
Column G
Column H

Process
step in the
chain

Component

Concentration
of valorisable
material (%,
ppm etc. on
DRY basis)

Quantity

Total quantity
Geographical
of valorisable
area (region)
material (dry
tons per year)

Seasonability
(e.g. all year, or
give month to
month period for
availability)

Waste type/name: accurate description of the type of the waste, e.g. straw, manure, head of sugar beet, corn husk, etc.
Type of valorisable material: protein, bioactive material, biogas, digestate, PHA, etc.
Please provide details for ALL valorisable components (1 line per component)
Seasonability: indicate NO or specify the period of availability, as appropriate
Current use of the waste: provide: intermediate and/or end product

Waste type / source
Total waste
valorisable material,
cause and targeted amount (tons per
year)
use

1. Template for waste and loss
analysis (a)

Current use of the
waste

F Feasibility (1-5):

1. Difficult; 2. Low; 3. Medium; 4. Considerable
5. Easy (strong, economic, worth to deal with)

5. Priority matrix for preventive measures and for valorisation methods:
1. Negligible; 2. Medium; 3. Considerable; 4. High
S Significance (1-4):

Priority for preventive measures
Preventive measure aspects
Measures to
Measures to
improve the
prevent, eliminate,
QUALITY/YIELD of Significance Feasibility
reduce the
Priority
S
S x F= P
F
waste
QUANTITY of waste
(method, technique, (method, technique,
technology)
technology)

1. Template for waste and loss analysis (a) - cont'd

Hot spot for
PRevention

P Priority:
1 - 4:
5 - 8:
9 - 11:
12 - 20:

Performance
criteria for
PRevention

Monitoring

Corrective Actions

Action is not required
Short term action is not urgent
Action necessary
First priority for action

(Method, Frequency,
(Tasks, Responsibility,
Responsibility,
Record)
Record)
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Process generating
Name of the
the waste
valorisable material

Template 2: Inventory

Type of waste

Geographical
area (region)

Amount of currently
Quantity of the
Current use of
used valorisable
valorisable material
valorisable material
material
(dry)
Potential use of
waste

P Priority:
1 - 4:
5 - 8:
9 - 11:
12 - 20:

Targeted
intermediate and
end product

Priority*
(1-20)

Action is not required
Short term action is not urgent
Action necessary
First priority for action

Technology for
conversion
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Template 3.1: Description of intermediate/end products obtained from
valorisation of agro-waste
Name of the product:
End product:

Y/N

Intermediate product:
If yes, specify further processing
needed

Y/N

Use of the product:

Physical properties:

Chemical properties:

Biological/microbiological
properties:

Human safety of products:

Use for:

Use patterns:

Target Group / Target Sector:
Reference price (bulk product):
Main competitor of the product:
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Template 4: Evaluation of environmental impact
(Note: The current version is only a demonstration of the approach. This should be replaced by the evaluation methods developed by the
NoAW project as the results are available)
Method, technology
for valorisation of
agro waste

Impact on soil

Impact on water

Impact on air/climate

Impact on energy

Total impact

Template 5: Evaluation of social impact
(Note: The current version is only a demonstration of the approach. This should be replaced by the evaluation methods developed by the
NoAW project as the results are available)
Method, technology for
valorisation of agro-waste

Impact on human health and
safety

Impact on employment

Fair trading practices
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7 Business models for agro-waste valorisation for practical
implementation
7.1 Main triggers of eco-innovations
Participant researchers in NoAW project by the leading of SOFIES and DLO-FBR have
collected and listed existing international business concepts designed for an efficient use of
agro-resources. More than 60 successful initiatives have been analysed. Success and failure
factors, as well as key triggers of initiatives were analysed and concluded in case of clustered
and non-clustered agricultural waste utilization initiatives at different levels. After collecting
information on case studies, triggers were analysed and summarized in this chapter.
Entrepreneurs with eco-innovative ideas may be looking for these triggers in different areas to
support implementation and develop relevant business models.
From analysing case studies, it can be concluded that mainly technological, environmental
reasons, and financial, market and legal aspects trigger industries to develop industrial ecology
solutions. Market need as a trigger of an initiative was found 7 times, technical development,
valorization of by-products, recycling wastes, avoiding or reducing pollution, environmental
awareness and need for sustainable development could be observed in 5 cases each and the
other aspects appeared less than 5 cases.
Key triggers and objectives of the analysed initiatives are listed according to occurrences:
1. Market need
2. Technical development
3. Valorization of by-products, recycling wastes
4. Avoiding or reducing pollution
5. Environmental awareness and need for sustainable development
6. Legislation and incentives
7. Need to cooperate to increase effectiveness
8. Additional income generation
9. To be energetically independent
10. Corporate Social Responsibility (CSR), Green marketing
Market need for use of agro rersources can be for example the increasing demand for bio
sourced aromatic or the demand to replace a significant share of conventional fossil-based
plastics with 100% bio-based and biodegradable plastics. A trigger can be the growing need
for proteins based agricultural by-products to feed animals, or for example producing cellulosic
ethanol from biomass as an alternative to petroleum from agricultural residues. When a
company’s customers in an industry are constantly looking for new solutions to reduce their
CO2 footprint, then modern bio-based materials may also fulfil a market need. Promoting the
development of a bioeconomy model based on the efficient use of renewable resources and
on the regeneration of local areas may be also an important aspect.
Technical development is an important trigger when industrial technology goes forward, and
companies intend to keep their competitiveness. An objective can be increasing resource
efficiency and better process control with an environmentally friendly alternative to fossil-based
heater. Technological development is also a trigger when the aim is to bring a patented
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technology from a pre-commercial level to a commercial level, including demonstration of the
whole value chain. A discovery may be used for other (for instance medical) applications.
District heating can also be developed by using agro-waste or biogas from agro-waste.
Valorization of by-products, recycling wastes can trigger eco-initiatives, because
agricultural by-products are valuable resources of raw materials. Valorization of corn husk and
rice husk at the same time in a region may led actors to cooperate. Farming cooperation, vast
agricultural area, huge biobased feedstock, vertical integration, high willingness to collaborate
to innovate may also lead to eco-initiatives, even in the area of cross-sectoral and non-food
applications. The regional manure surplus, the local availability of emitted CO2 and heat
financial incentives for bio-energy can subserve the valorization of residual biomass and heat
through mutual exchange between different companies. Recycling vegetable remnants from
food industry can be used for eco-friendly colours in textile industry. Valorizing manure on
farms in energy production can lead to being self-sufficient and energy independent.
Avoiding pollution or reducing pollution is a strong trigger for companies because of the
environmental and health effects and consequences of pollution, and environmental
challenges. Aim can be to produce biodegradable product alternative or producing renewable
energy on the territory. Industrial by-products and sewage sludge is able to be valorized into
gas for vehicles which fuel is more effective than classic fuels in terms of air and noise pollution.
Reducing carbon footprint of a product also aims to reduce pollution. Agricultural residues
when burned or buried lead to greater pollution, but recycling by-products of agricultural
residues and waste reduces pollution.
Environmental awareness and need for sustainable development is a strong trigger for
eco-initiatives. Some committed and environmentally conscious majors get inspired after a visit
in Sweden and their aim is to achieve ambitious climate goals. Some companies aspired to
further develop their business, but in a more eco-sustainable way than stand-alone.
Recognizing the impact of rapid climate change on the survival of the human race and to
uphold the philosophy that we must all do our part to protect our only planet, a textile company
(Singtex) has invested hundreds of millions of dollars over recent years to establish a
pioneering R&D center and precision environmentally dyeing center. Their objective was to
increase added value and branding via the development of eco-friendly functional textiles, via
a partial substitution of fossil-based components for increased textile functions. Another
company’s customers in the footwear and consumer electronics industries are constantly
looking for new solutions to reduce their CO2 footprint, and bio-based thermoplastics
polyurethane is one such solution. A project aims to improve eco-friendly colours in the
competitive textile industrial chain made from recycled vegetable remnants, because tons of
fruit and vegetable peelings with potentially fantastic dyeing properties are sorted and then
thrown away to make bioethanol.
Legislation and incentives are a great help for implementing innovative green technologies
and circular economy approach. Incentives, favourable conditions for renewable energy
production leads to additional income generation for farms through renewable energy
production. Energy costs and waste disposal costs can be reduced by biogas production from
waste and burning it for energy production to cover electricity demand and heat demand (e.g.
in case of slaughterhouses and many other industries). A law obliges winemakers to deliver
their waste for distillation and valorization of grape marc for distillation as a response to legal
obligation.
Need to cooperate to increase effectiveness: Clustering companies in the direct
environment of other companies they could benefit from in terms of waste management,
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natural resources and logistics. In several cases there is a need to reach a critical mass for
this bioeconomy “emerging” sector and a need to organize the value chains and de-risk
investments. For example objectives can be to develop sustainable and competitive biobased
industries in Europe, based on advanced bio refineries that source their biomass sustainably
by demonstrating new technologies using biomasses and new consumer products from
biomass; developing new business models integrating economic actors along the value chains;
and setting-up flagship bio refinery plants deploying technologies& business models.
Additional income generation for a farm through renewable energy production, nutrient
recovery and export to other regions / sectors and favourable conditions for renewable energy
production also enhances the opportunities for eco-innovations and implementing
developments.
Willingness to be energetically independent also can be motivating trigger for farmers. For
example, valorizing the manure produced on a farm, be self-sufficient and supply other
households.
Corporate Social Responsibility (CSR), green marketing, branding and greener products
can also trigger eco-initiatives and eco-developments. Strong sustainability vision at a
company with sustainability strategy, calculating and reducing carbon footprint of a product or
a company may improve company judgment by consumers and customers.
The list of the investigated initiatives and contacts are available at the NoAW coordinators.
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7.2 Success and failure factors of existing eco-innovative case studies
In this chapter key learnings from eco-innovative case studies are summarized that turn
agricultural waste into ecological and economic assets. Researchers of SOFIES and DLOFBR have collected and listed existing international business concepts designed for an efficient
use of agro-resources by analysing more than 60 successful eco-initiatives (as mentioned
above). Success and failure factors of initiatives were analysed and concluded in case of
clustered and non-clustered agricultural waste utilization initiatives at different levels. Results
are summarized in the followings.

Transversal learnings from eco-initiatives
•

Every business model is context-based;

•
Operational and costs optimization via shared infrastructures, utilities and expertise
(reaching a cost competitive production) is a must to accelerate the roll out of the bio-based
economy;
•
Industrial symbiosis (e.g. for heat and CO2) requires large volumes to get a return on
investment. Industrial symbiosis requires a series of actors with different responsibilities to
work (developer of networks, traders);
•
Setting-up a large facility/cluster can only happen when local governments, citizens,
entrepreneurs and NGOs are involved.

Key learnings from clustered initiatives
Success factors identified in clustered initiatives

Level

Success Factors in clustered initiatives

Organizational
and/or spatial

• Geographical proximity of 3 ecosystems: industries, applied R&D
and academia;
• Development of an open technological platform for industrial scalingup of biotechnology processes;
• Available space to grow in the future;
• High efficiency infrastructures, local smart-grids and driven Industrial
Symbiosis to reduce production costs in an Agro-industrial Park;
• Driven top-down strategy to benefit from efficient Industrial
Symbiosis;
• Geographical proximity of actors of the primary sector (growers) and
actors of the secondary sector;
• Development of local areas by using old industrial sites that are
decommissioned;
• Combining the treatment of households’ waste with bioethanol and
biogas plants to reuse most by-products and to lower CO2
emissions;
• Collaboration between private companies and local municipalities.
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Level

Success Factors in clustered initiatives

Technical
and/or logistic

• Huge quantity of feedstock available, high storage;
• Vertical integration via existing agro-food actors in search of value
creation through non-food applications;
• Optimal logistic model in and out;
• Combining a variety of energy and supply tasks in a unified system
concept to optimize synergies between individual elements by
making efficient use of the energy flows between the individual
plants;
• 3 different companies in charge of the 3 steps in the biogas
production;
• Development of Bio-CCP (Carbon Capture Products) in the region.

Economic,
financial
and/or
marketing

• Strong and long-lasting Public-Private partnership at regional level,
with a clustered and topical competitiveness approach combined
with an Eco-industrial park approach leading to advanced industrial
symbiosis;
• Economies of scale in a cluster or an agro-industrial park;
• Strong open to the world promotion strategy;
• Co-investment in R&D and demonstration plants;
• Economic promotion of local areas through the creation of new
industries, products and jobs;
• A non-profit principle leading to maximum hedging for investors,
creditors and heat costumers;
• Use of local biomass resources based on long-term contracts for
high security of supply;
• Strategic innovation to anticipate and lead the post fossil-based
economy;
• Financial support of the European Union

Environmental,
social and/or
cultural

• Setting-up a large facility/cluster can only happen when local
governments, citizens, entrepreneurs and NGOs are involved;
• Strategic Innovation and Research Program to anticipate and lead
the post fossil-based economy;
• Hundreds of thousands of CO2 equivalents saved per year;
• Use manure as a substitute for process water;
• Getting national and international prizes;
• Creation of jobs in rural areas while developing technological knowhow;
• Persisting even in situation with resistance from external parties.

Institutional
and/or legal

• Large strategic Public-Private Partnership between the EU and the
Bio-based Industries Consortium;
• Region as “agricultural development area”, creation of conditions for
business development; giving room for economic development
under the condition that the processing is sustainable.
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Risk or failure factors identified in clustered initiatives
Level

Risk or failure factors in clustered initiatives

Economic,
financial
and/or
marketing

• High dependency to large investment;
• Need to reach a critical mass for the bio-economy “emerging” sector.
Need to organize the value chains and de-risk investments;
• Difficult to be competitive with bio-based products in a context of
“too cheap” fossil-based energies.

Environmental,
social and/or
cultural

• High dependency to fossil-based energy; AgriportA7 acknowledges
the risk and plans to be fully independent of fossil-based energy in
the future;
• High competition with petrol-based technologies that are produced
at lower costs;
• Resistance from NGOs.

Institutional
and/or legal

• Fiscal incentives are critical for economic feasibility.

Key learnings from non-clustered initiatives
Success factors identified in non-clustered initiatives

Level

Success factors in clustered initiatives

Organizational
and/or spatial

• Available local agro by-products;
• Using local industrial by-products and sewage sludge;
• Possibility of valorizing all by-products when involving other local
businesses;
• Building an initiative on existing clusters;
• Implant plants such as refineries next to wastewater-treatment
plants to reduce energy and water consumption through resource
exchange;
• Successful collaboration between a German company and farmers
in Greece;

Technical
and/or logistic

• Anaerobic digestion is a proven technology);
• Going from R&D innovation to markets: building a long-term
collaboration between the project holder, R&D experts and potential
clients (markets) in order to reach a complete effective, economic
and commercially viable process;
• Innovative technology allowing new processes;
• The construction cost of small biogas plants can be reduced a lot by
self-building (but plant safety and environmental safety must be
ensured);
• Possibility to use slaughterhouse by-product as substrate for biogas
production;
• A large organic vegetable producer is almost energetically neutral
due to energy synergies between their biogas production plant using
vegetables co-products as substrate, their greenhouse and their
freezing facility.
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Level

Success factors in clustered initiatives

Economic,
financial
and/or
marketing

• Feed-in tariff for electricity coming from anaerobic digestion;
• Going from R&D innovation to markets: having a network of strategic
partners ready to invest in the next phases. i.e. industrialization;
• Successful public-private partnership;
• Selling the energy produced by a small biogas plant to neighbouring
households;
• To scale-up and commercialize a new marketable technology or
process: identify and partner with existing multi-national and ecoinnovative actors in the same field (i.e. FENC, Taiwan if you are in
the fibre industry as they are attractive partner for large brands using
synthetic fibres and willing to develop greener products);
• Designing new products that are drop-in replacements enabling full
utilization of existing logistics infrastructure without blending
limitations;
• Using slaughterhouse by-product as substrate for biogas production
reduces the disposal costs and can cover a large part of electricity
and heat demand;
• Replacing toxic components with natural nontoxic products can
significantly reduce some hidden costs like the recovery costs of fire
extinguishers;
• Including clients in the project management;
• Targeting the market of conscious clients;
• Protect innovative products with a patent makes them more stable
and interesting for investors;
• Traceability, high quality standards and fair agriculture attract clients
even if the products are a bit higher in price than conventional ones;
• Partnership along the overall new Value Chain from the start;
solution-oriented partnership between a green building block
developer and a high-tech material producer; A partnership of
strengths to answer to the market demand;
• Joint venture designed to develop strategic innovations;
• Designing alternative processes that are more than pure alternative;
for instance, processes that are bio-based but also source of
energy-savings or increased production capacity;
• Testing all the assumptions of the business model foreseen; Staying
connected to economic realities;
• Pro-active promotion of the project to obtain a permission to produce
and public support;
• Innovation capacities & product portfolio extension;
• Optimization of logistics costs;
• Technology transfer: robust and low-cost solution designed to be
implemented in developing and transition countries. Design that fits
with the needs of the targeted countries;
• Valorisation of all the new process co-products in order to be
economically and environmentally optimal;
• Global strategy in the niche market of functional textiles;
• A vertical integration enables a strong IP and labelling strategy; this
enables to build up a strong brand, facilitating cross-industry
cooperation and further innovation;
• The bio-sourced alternatives solve issues that are not solved by the
fossil-based products.
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Level

Success factors in clustered initiatives

Environmental,
social and/or
cultural

• Well accepted processes (energy and material recovery from pig
manure) in the local context;
• Very clean kind of fuel produced;
• Consumers and communities are always more interested in
ecological products;
• Keeping process cost-effectiveness in mind when developing new
processes; Designing the all process to reach the highest technical
efficiency and thus the highest possible economic performance;
• Transparency and traceability for an ethical and ecological
production is appreciated and an important marketing argument;
• Buying olive production by-products from local farmers avoids
throwing tons of coproducts in the sea;
• Winning prizes/awards facilitates promotion;
• Designing for sustainability from the start;
• Pro-active citizen awareness raising.

Institutional
and/or legal

• The biogas branch is supported by the states (Switzerland and EU)
and the current strategy wants to support the use of alternative
energies;
• Public financial support is critical.

Risk or failure factors identified in non-clustered initiatives

Level

Risk or failure factors in non-clustered initiatives

Organizational
and/or spatial

• Sufficient space (at least one hectare) is needed to set up a small
biogas plant;
• Odour emission needs to be considered (depended on the local
context and the baseline) when designing the concept of a biogas
plant;
• Seasonality alters the availability of by-products; thus, stocks must
be carefully planned;
• Far away from the farmers, today farmers are not benefiting from the
added value generated via the by-products.

Technical
and/or logistic

•
•
•
•

Economic,
financial
and/or
marketing

•
•
•
•

Outputs quality varies;
Clients do not trust a new kind of fuel;
Technology has never been tested on a large scale;
Contractors do not know and therefore do not trust an innovative
product;
• Working with fresh by-products requires an efficient logistic; but
scaling-up might result into not enough (fresh) by-products available
in nearby surroundings;
• The industrialization process is a critical phase;
Public entities have high quality standards;
The biogas branch relies on subsidies to be profitable;
Entering an existing market with a new product is challenging;
Bio-based structural elements are much more expensive to produce
compared to those that are mass-produced;
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Level

Risk or failure factors in non-clustered initiatives
• There is competition between different sectors for the same
agricultural by-products;
• Difficult to open a market for pellets from digestate as single plant
operator;
• Producing barbecue briquettes from olive oil by-products is more
expensive than regular wood briquettes;
• Getting food security/safety approvals is time consuming; it should
be considered carefully in the project design and development.

Environmental,
social and/or
cultural

• Biogas plants are sometimes not “wanted” in the landscape

Institutional
and/or legal

• Future remuneration of electricity (power) coming from anaerobic
digestion;
• Public financial support is difficult to get;
• Change in legislation is a risk;
• Dependency on public subsidies.
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7.3

Business model development using business model canvas

The purpose of this procedure is to assist the project partners and food businesses to
identify a combination of values represented by their products, processes, services for their
targeted customers and consumers; the method of creating and delivering this value; the
way how they persuade their customers and consumers to pay for this value, and the
mechanism how they can convert these payments into profit. The main objective of building
up a specific business model to develop an attractive offer to the customers/ consumers
based on the bundle of products or services and related value adding services what the
partners can deliver to them in a profitable way.
This procedure can be applied for such innovative products, processes, services and
systems, and market concepts, which are based on the commercialisation of the results of
research, development and innovation activities.

Definitions
Business model is a tool for identification of the distinguishable, potentially unique value,
what an organisation delivers to its clients and the society and also the method how the
organisation makes this available for the targeted clients and beneficiaries. Business
models include further aspects of the business strategy development such as the
identification how this value is produced and how the organisation offering this value will
achieve its profit.
Resources are assets, that a organisation can actually access and use in developing and
realizing products to create value in its markets.
Capability is the ability to execute repeatable pattern of actions, which are created through
a company’s management process for coordinating its resources in the process of value
creation.
Competencies are substantial capabilities for enabling the organisation to deliver a
fundamental customer benefit based usually on the combined, integrated and harmonised,
use of resources and/or (several) capabilities.
Core competencies are such competencies which enable an organisation to exceed its
rivals. These competencies should be: distinctive, applied better than the competitors;
typical (collective) for the company across-functions, products, business units; unique,
rare, difficult to imitate; flexible for continuous upgrading, reorganizing the routines,
resources and capabilities.
Partnership is a voluntarily initiated cooperative agreement formed between two or more
independent organisation to carry out a project or a specific activity jointly by coordinating
the necessary competencies, capabilities, resources and activities.

Procedure description
The business model basically explains how the business/organisation is doing its business
and helps to identify how a novelty can be created in the approach of making the business,
which will make the production and/or services more attractive to the users. This concept
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highlights the value can be created at several elements of the business activities
represented by the building blocks of the “Business Model Canvas” and the other elements
should be harmonised with the value creation. It explains how value is created for the
customers, how value is captured for the company and its customers and beneficiaries and
how it is made available for them. This value should be potentially unique, distinguishable.
A better understanding of the business model gives the organisation also insights to the
relationship between what the business does and the businesses’ successes, and it gives
the organisation the ability to compare its business model with other competing companies
and to understand what can advantageously be changed to keep its competitive advantage
on the market so that future growth of the business will continue.
An organisation’s business model can be analysed in different ways and many different
tools have been developed to analyse business model concepts. However, the business
model canvas tool is an intuitive way of understanding the business model concept and is
a good starting point for analysing an innovative approach for making business.
The business model canvas gives a company a simple and intuitive tool to describe and
think through the different elements of its business models in order to systematically
challenge the way it does business and thereby be able to create new strategic
alternatives. The canvas thus serves both as a tool for organisations to understand the
business model and as a tool to do business model innovation.
Business models are made of 9 building blocks. The nine blocks cover four main areas:
the value offer, the customers, the infrastructure and the financial viability. The main steps
of developing a business model are illustrated on the next figure, following the concept of
Business Model Canvas (Osterwalder & Pigneur, 2010). The development of the business
model should be based on a systematic analysis of the internal strengths and weaknesses
and the threats and opportunities of the business environment (like SWOT-SOR analysis).

6. Key
Activities
7. Key
partnerships

KA

KP

5. Key
Resource
s
KR

1. Value
Propositions
VP

4.
Customer
Relationships
CR
3.
Channels

2. Customer
Segments
CS

CH

9. Cost structure

8. Revenue Streams

C$

RS

Figure 25: The main steps of developing a business model following the concept of Business
Model Canvas
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Source: Business Model Canvas (Osterwalder, Pigneur 2010.)
For the implementation of the business model actions should be planned considering the
necessary resources, timing and responsibilities.

Define the value propositions
A value proposition describes the aggregated benefits what an organisation offers to a
specific customer/consumer segment though its bundle of products and/or related
services. The management of the food business should define what do they offer to a
customer/ consumer segment what these customers/consumers perceive as a solution for
one of their problems or as a valuable product, function or service which satisfies one of
their needs and for which they are ready to pay. The value proposition should state clearly
those benefits based on performance attributes of the products, services and their
complementary applications why customers/ consumers should choose this offer of the
company over another offer of the competitors. It should also be defined in which phase of
fulfilment of the customer needs (acquisition, use, disposal) the benefits are provided.
Define value propositions individually for each customer/consumer segment what your
organisation intends to serve.
Consider typical elements which can contribute to the creation of values to a specific
customer/ consumer segment:
•

Newness, novelty

•

Better performance

• Customisation of products and services to specific needs of customers/consumers or
their segment
•

Provision of related services

•

Attractive design

•

Brand and the status represented by it

•

Price

•

Enabling cost reduction

•

Risk reduction

•

Accessibility

•

Convenience/Usability

Record your findings for this element and for all of the other ones in the Template1.
Business Model Canvas.

Identify customer segments
Identify distinct groups of customers and consumers which have common needs,
expectations, behaviour or other attributes and what your organisation wants to reach
amplest those customer/consumer groups that are most likely to be attracted by a value
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proposition. At identification of different segments of customers/consumers consider
differences in their needs and product and service attributes perceived as a value,
preferred distribution channels, expectations and requirements for different relationships,
buying power, willingness to pay for different aspects of the offer. There may be other
aspects of segmentation.
Typical examples of customer segments:
•

Mass market

•

Niche market

•

Slightly segmented, slightly differing

•

Diversified

• Multi-sided platform (or multi-sided markets representing a situation where two or more
interdependent customer segments are served

Establish distribution channels
Define the distribution channels through which you want to communicate with your
customers and make your value proposition(s) available for them. Define which channels
cover the following functions.
•

Raising awareness among customers/consumers about your products and services

•

Helping customers/consumers to evaluate your value proposition(s)

•

Allowing your customers/consumers to purchase your specific products and services

• Making your value proposition based on your products and services and their
combination available to your customers/consumers
•

Providing post-purchase support

You may need to use a mix of several channels to cover all necessary functions.
Consider whether the use of your own channels or partners channels can provide better
access to your customers/consumers. Consider number of contacts, profit margin, cost
efficiency, financial risks. Owned channels can be direct such as own web-site, in-house
sales force, etc. and indirect as own retail shops and outlets. Owned cannels may enable
higher profit margins, but at higher risks, usually higher costs and the access is limited to
own customer/consumer population. Partner channels are indirect and may include retail
stores of partners, wholesale distribution, partner owned websites. Partner channels may
allow lower profit margins, but at lower costs and lower risks and may enable access to a
broader customer/consumer population based on the partners customer networks.
Define your optimal mix of channels to reach a specific customer/consumer segment.

Determine customer relationships
Define how you want to attract and retain customers/consumers. Identify for each segment
whether your main aim is to
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•

Acquire new customers/ consumers (usually through marketing)

•

Retain existing customers/ consumers (usually through services)

• Add-on selling (increase the purchase of the existing customers/consumers), (usually
through sales)
Analyse the nature of relationships used for delivering your offers, with each of your
customer/consumer segments and identify what they expect from you to provide in this
respect. Describe what interactions you are providing already which should be maintained
and what you have to establish newly to meet their expectations. Consider the following
typical types of customer relationships together with other options which all may coexist:
•

Personal assistance

•

Dedicated personal assistance

•

Self- service

•

Automated service

•

User communities (including online ones)

•

Co-creation by involving customers into the development process

•

Adjustment to personal needs

•

Etc.

Specify key resources, capabilities and core competencies
Specify which key resources, capabilities and competencies do you need create and offer
your value proposition, reach your markets, maintain relationships with your
customer/consumer segments, and earn revenues. Describe what are your main
resources, capabilities and competences and define your core competencies (see
definitions). Build your business model on exploiting your key resources, capabilities and
core competencies.
Do not limit your thinking on your own resources, capabilities and core competencies within
your company, but think beyond the company borders along your food chain. One
organisation's resources/capabilities and competencies and its suppliers’/customers’
complementary capabilities/resources/competencies can give the basis for a new joint core
competency of that relationship. This core competency can give the business the
competitive edge against its competitors.
Evaluate availability of physical (manufacturing facilities, buildings, equipment, machinery,
vehicles, systems, distribution networks, etc.), intellectual (brands, reputation, proprietary
knowledge, patents, copyrights, trade secrets, partnerships, databases, customer
databases, etc.), human (trained, skilled, knowledgeable people within the organisation
and in partnership), financial (cash, lines of credits, stock options etc.) resources and
capabilities and competencies built on them.
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Define key activities to create and offer value propositions
Describe which interdependent key activities are required to create and offer your value
proposition, reach your markets, maintain relationships with your customer/consumer
segments, and earn revenues. These activities form the value configuration of your
business model. Analyse and evaluate:
• Inbound logistics (purchasing, receiving, warehousing, inventory control of input – raw
material, ingredients, additives, packaging material, other resources- materials;
• Production (designing, preparation, manufacturing, delivering a product in required
quantity and quality by the required deadline)
• Problem solving (developing new solutions for individual customer problems,
knowledge management, regular training)
•

Outbound logistics (warehousing, order fulfilment, transport, etc.)

• Platform/network (establishing and maintaining matchmaking platforms or networkrelated activities)
•

Marketing and sale (channel selection, advertising, pricing, branding, etc.)

•

After-sale (customer support, repair services, etc.).

Identify key partnerships
Identify who are your key partners. Consider strategic partner alliances with noncompetitors, strategic partnerships with your competitors, joint ventures and buyersupplier relationships to assure reliable supplies. Think over the motivations behind your
partnerships such as optimisation and economy of scales, reduction of risk and uncertainty,
acquisition of particular resources, capabilities, competencies and activities. Describe
which key resources, capabilities and competencies you receive from your partners and
which activities do they perform.
Identify who are your key suppliers. Apply the approach and principles of food chain
management. Describe which key resources, capabilities and competencies you receive
from your suppliers.

Establish revenue streams
Develop your concept how you will generate revenue. Define for what value are your
customers/ consumers in a customer/consumer segment really willing to pay. Establish this
answer for each segment and evaluate options for several sources of revenue. List what
is the value for which they are paying currently and how they pay currently. Consider how
they would prefer to pay? Evaluate the contribution and importance of each revenue stream
to the overall revenues.
Consider revenue options both from one-time consumer payments and recurring revenues
from ongoing, repeated payments for delivering value propositions or provision of postpurchase customer support. Consider different ways to generate revenue streams
including:
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•

Asset sale;

•

Usage fee;

•

Subscription fee;

•

Lending/Renting/Leasing;

•

Licensing,

• Maintenance and updating fee for software, books and other knowledge-based
products;
•

Maintenance service fee for machinery;

•

Refilling

Define cost structure
Specify your costs related to creating, marketing and delivering value to your customers,
using resources, assets, carrying out activities, maintaining customer relationships,
maintaining partner network relationships, generating revenue. Consider most important
costs, and the most expensive key resources and key activities.
Consider which basic business model cost structure is most appropriate for your approach:
• Cost driven, which focuses on minimising costs wherever possible. These are typically
related to price value propositions, high level of automation and extensive outsourcing.
• Value-driven, which focuses on value creation. These are typically related to premium
value propositions and high degree of personalised services.
During describing your costs list fixed costs and variable costs and consider cost
advantages which may be provided by economies of scale and economies of scope.

Design your business model
Think over the findings of the analysis of the building blocks of your business model, revise
and harmonise them and organise them into a coherent, realistic model.

Use the business model as an input to your business strategy
Integrate your business model into your business strategy. Develop an action plan for
implementation.

Roles and responsibilities
The elements of the business model should be developed by the management of the food
business with the assistance of the expert of the intermediary.
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Associated documents and record sheets
Business Model Canvas
7. Key partnership
(KP)

6. Key Activities
(KA)

1.Value
Propositions (VP)

4.Customer
Relationships (CR)

2.Customer
Segments (CS)

•
•

•
•

•
•

•
•

•
•

..

..

..

5. Key Resources
(KR)
•

..

3. Channels (CH)
•
•

..

..

9. Cost Structure (C$)

8. Revenue Streams (RS)

•
•

•

..

..

..

Figure 26: Business Model Canvas
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7.4

Summary of business models developed

Summary of business models were developed in NoAW project by INRA. After reviewing
the 33 cases from NoAW Deliverable 5.1 and studying in-depth 12 cases (6 cases from
Deliverable 5.1 and 6 new cases), six types of circular business models have been
identified which differ in their way of value creation strategy (from lower to higher value)
and/or in their organisational structure:
1.
2.
3.
4.
5.
6.

biogas plant,
upcycling entrepreneurship,
environmental biorefinery,
agricultural cooperative,
agropark and
support structure (figure).

Identifying the organisational forms and types of valorisation pathways highlights the
potential of using biomass firstly for higher-added-value products, before exploiting finally
unused products as an energy source. However, it should be noted that in reality many
examples in the NoAW context have started as biogas type of business. Cascading
biomass use becomes to play a key role in the development of a circular economy,
especially at territorial levels where clusters of SMEs and start-ups seek competitive
advantages. Advanced and context-dependent circular business model concepts are
important for understanding the value creation mechanisms and for facilitating decisions
for managers to design appropriate economic models and market entry strategies (Donner
M., 2019) (Donner M., 2019) (Donner M., 2020).
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Figure 27: Typology of circular business models for valorising agro-waste and by-products
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8 Success stories
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