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PREFACE

This report was prepared under contract AIR1-92-8011-GB Soil fertility and cultivation of energy
crops, by CPL Scientific Ltd (UK) represented by Dr J Coombs in collaboration with | Kruger AS
(Denmark), represented by Dr Mogens Hedegaard and the University of Udine, Department of
Microbiology (represented by Dr Marco de Bertoldi).

This study represents a continuation of work carried out under the JOULE contract number JOUB-
0066-DK, coordinated by INRA (France) concerning the European Network on Soil Fertilisation
and Conservation - Assessment Study of Organic Fertilisers well as experimental work carried out
by | Kruger AS (Denmark). The initial intention was to continue the study activities under a further
contract to | Kruger AS, with the following objectives:

To look at the feasibility of using organic fertilisers as an environmentally beneficial way of
maintaining high soil fertility and hence high productivity, of high yielding biomass energy crops.
The purpose was twofold. The first part (to be carried out by | Kruger AS) was to consider the
technical aspects of producing and use of upgraded products generated from manures and
slurries and other ammonia or phosphate-rich effluents from agro-industrial plant as well the
impact on yields, environment, soil quality and productivity. At the same time it was proposed that
the second part of the work under this contract would be carried out by CPL Scientific Ltd in
collaboration with | Kruger AS and cover availability and application of materials in relation to
available systems, raw material quality, commercial activity and trends in waste production,
handling and management as well as the impact on their production and use of existing and
pending Directives and Regulations as well as activities of the CEN and ISO (as well as National
bodies) in legislating on quality standards for organic fertilisers and soil improvers.

Subsequently the contract JOUB-92-8002-DK was awarded to | Kruger AS at a reduced amount to
cover only the experimental work on development of a novel process for production of the organic
fertiliser and a separate contract was agreed with CPL Scientific Ltd to cover the aspects of soil
fertility, raw materials, conversion technology, products and legislation in collaboration with |
Kruger AS and the University of Udine as indicated above.

CPL Scientific Ltd

J Coombs (Dr)
Technical Director

Newbury
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EXECUTIVE S UMMARY

EXECUTIVE SUMMARY

1. This report covers the feasibility of growing biomass energy crops with reduced input of
synthetic chemical fertilisers by substitution with organic fertilisers. The purpose is to assess the
possible benefits which could be a reduced cost of crop production and a decrease in the damage
to the environment which might occur as a result of increased inputs of soluble nutrients and
associated pest, disease and weed control chemicals as well as annual removal of large
quantities of nutrients in high yielding species. The use of waste derived plant nutrients in this way
together with disposal to land taken out of food production and used for energy crops could also
contribute to solving the increasing problems and costs of organic waste treatment.

2. It is based on a combination of literature review, discussions with equipment manufacturers and
visits to sites where various wastes are treated. These wastes include sewage sludge, manures,
municipal solid waste, straw, source sorted domestic waste and selected garden/horticultural
waste as well as effluents and by-products of the agro-food industries ranging from meat and fish
processing to sugar and starch processing. The report covers the properties of soil in land which
might be used, the nature amount and processing of wastes, the growth of crops (with an
emphasis on high yielding energy crops) and the impact of legislation and standards on the
feasibility of the concept.

Soils

3. Throughout Europe the types of soil, their origin (bedrock), depth and organic content differ
considerably, ranging from highly organic soils (peat) in the north, through productive loams,
shallow mountain soils and the often degraded soils of the Mediterranean in the south. Current
agricultural practice reflects soil quality, resulting in large farms with high chemical inputs in the
central region of the Community, surrounded by smaller hill farms. Small farms are also found in
the Mediterranean region. Most areas show evidence of soil depletion, erosion and loss of fertility.

4. The factors which determine soil fertility are complex including aspects of plant nutrition, soil
structure and origin, climate and the impact of man's activities. Healthy plant growth depends on
an adequate supply of both macronutrients (nitrogen, phosphorus and potassium - NPK),
micronutrients (calcium, magnesium, sulphur), and a range of trace elements (the main ones
being boron, copper, iron, manganese, molybdenum and zinc). The ability to assimilate these
depends on their chemical form, soil pH and the extent to which cations ionically bound to
multivalent anions (clay colloids or humic acids) can be exchanged as well as the availability of
moisture and oxygen (air) to the roots. This in turn reflect the balance between mineral, organic
and living (microbial) components of the soil. Intense cuitivation tends to decrease the organic
content of soils and consequently reduce the extent and activity of microbial population,
increasing compaction and decreasing water holding capacity.

5. Environmental damage resulting from intensive, large scale farming falls into three areas:
destruction of natural vegetation, loss of organic matter and subsequent erosion due to wind and
rain as well as saturation of the soil water by excess nitrogen from fertiliser application or manure
deposition. Passage of surface water contaminated with soluble nitrogen to rivers, lakes and other
surface reservoirs causes eutrophication (excess growth of aquatic algae and higher plants),
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whilst increased levels of contamination of ground water have resulted in water which fails to meet
EC requirements in some (nitrate sensitive) regions. These problems have been accepted in the
past as a necessary consequence of the successful drive to establish self-sufficiency in food
production within the Community.

6. Since the early 1970s a combination of plant breeding, intensive management techniques and
high chemical inputs have resulted in EC yields of conventional arable crops, grown for food use,
which are among the highest in the world. These include wheat and sugar beet which could be
used as feedstock for bioethanol production and rape which is currently attracting attention for the
production of methyl (or ethyl) esters of the vegetable oil as a substitute diesei fuel. However, the
high costs of crop production means than such biofuels require significant subsidies. At the same
time the cost of support of agriculture through the Common Agricultural Policy (CAP) and global
problems resulting from over production and generation of surpluses has led to a policy of land
set-aside with the possibility of millions of hectares of productive farm land being taken out of food
production. This land could be used to grow large amounts of biomass using either high yielding
arable crops such as Miscanthus and sweet sorghum or fast growing trees grown under short
rotation or coppiced. However, the environmental penalties and economic costs which were
justified in providing food cannot be extended to cover plants grown for energy.

Wastes and residues

7. At the same time the EC is faced with increased problems associated with the management
and disposal of organic wastes from farms, forestry, the agro-food industry, commerce and
domestic activities. Although non-organic products made of metal, glass and some plastics (as
well as a proportion of the paper, card and fabric wastes generated) may be reused or recycled
this is not true for a wide range of readily biodegradable materials which include wood waste,
straws, manures, food processing residues and effluents, sewage sludge and the organic
components of municipal solid waste (MSW). Many of these wastes are wet and hence will not
burn. If placed in landfills they make the major contribution to leachate and gas (methane)
generation, contaminating ground water and contributing to the burden of greenhouse gases
released to the atmosphere unless costly preventative actions (liners and gas collection systems)
are taken.

8. The controlled biological consolidation of such wastes can generate large amounts of organic
fertiliser in the form of compost from aerobic processes or digestate from anaerobic processes.
However, neither process is entirely satisfactory for the treatment of sludges or manures with a
high content of nitrogen which may be released into the atmosphere as ammonia. High levels of
phosphate may limit the amount which can legally be spread each year per hectare of land. Such
wastes may require additional chemical treatment, but have the potential to produce fertilisers
with higher levels of inorganic nutrients as suitable conversion techniques are developed. In
theory the use of such materials for fertilisation of biomass crops could both help solve the
problem of disposing of unpleasant organic wastes and improve the economics of energy crop
production. The feasibility of achieving this depends on the amount, availability and quality of the
wastes.
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9. The total wastes produced within the EC have been estimated at around 2500 million tonnes,
comprising municipal solid waste (MSW), agricultural residues, manures, agrofood processing
wastes, forest and yard wastes, sewage sludge and industrial wastes. Of the available wastes
some 75 % will be organic in origin or include organic components as a significant proportion of
their solids. However, this total resource bears little resemblance to the actual amounts of wastes
which might actually be used to generate composts and organic fertilisers. The actual amount will
vary with some many factors that estimates are of little value. These factors will reflect changes in
both processes which generate wastes and residues and methods used for treating such
materials. The amount and composition of wastes will vary with geography and population density
(rural or urban), the extent to which they can be used will reflect technical ability, whilst the
amounts which are used will reflect economic factors and investment in plant. This in turn will vary
between farm, forest, industrial and domestic sectors and within each of these depend on local
availability of by products and residues from local processing of specific raw materials.

10. Each opportunity will have its own site-specific characteristics which may be influenced by
local markets and national legislation. Hence, rather than attempt the impossible task of deciding
what percentage of the above might become available, the factors influencing each area of
consideration are as follows: changes in time, reflecting changes in practice and legislation;
geographical availability, as transport costs are high waste must be locally available; technical
availability, the waste must be suitable for treatment and a process to treat them must exist;
economic availability, the net benefit of treating the waste and selling any product has to attract
investment in a process plant with transport costs, tipping fee and net product value the most
important factors; sectorial availability, reflects the extent to which a given industry accumulates
treatable wastes as an unavoidable consequence of normal business practice; local availability, a
consequence of cropping patterns, animal husbandry techniques and the nature and extent of
agro-industrial processing; legal availability, depending on constraints on waste use reflecting the
degree of contamination, especially by heavy metals, xenobiotics and soluble plant nutrients.

11. The level of heavy metals is only one factor which can be used to characterise the wastes as
clean or dirty. Other parameters include contamination with pesticide residues, antibiotics and
other man-made chemicals; the possibility of contamination with human, animal or plant
pathogens and contamination with inerts generated frorm mechanical sorting of domestic wastes
(fragments of metal, plastic and glass). The second way in which quality may be assessed is in
terms of the levels of potential plant nutrients (NPK) and digestibility. A highly putrescible waste,
or one with low level of inorganic plant nutrients is of less value since the final product will be of
low bulk and low nutrient status. Such problems can be overcome by admixing wastes. In
particular wastes with a high lignocellulose content (wood chips, bark or straw) can be mixed with
liquid wastes of higher nutrient content (sewage sludge or manures). Such mixing also improves
the waste treatment process.
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Processes

12. Both composting and anaerobic digestion (AD) have particular benefits in organic waste
consolidation with composting preferred for waste with a higher content of lignocellulose and
anaerobic digestion preferable for liquid manures and sludges. Wastes can be mixed to suit either
process. AD has the extra advantage of generating methane which may be used to increase the
revenue to the process plant by sale of gas, electricity or heat. AD plant costs may be higher,
control more difficult and failure of the plant irreversible - even a bad composting process cannot
fail in totality, whereas anaerobic digestion plant may. Composting has the advantage that it takes
place at a lower moisture content and tends to dry as a consequence of the heat generated by
microbial metabolism. In contrast AD occurs at solid levels of below 30% and digesters require an
external source of heat, especially when the incoming wastes are at ambient temperature in the
winter. The digestate may require further aerobic treatment and mechanical dewatering.

13. To process large amounts of waste requires large plant or areas of hard standing for open
composting. Capacities may range from 10s to 1000s of tonnes per day wet weight of input
material. Composting may accommodate this in windrows or in a large enclosed hall. However,
the capacity of anaerobic digestion plant is generally increased by adding to the number of tanks,
which may be between 500 and 3000 m® in volume. In the past the main activities have been
small on-farm or garden composting, small on-farm anaerobic digestion plant for manures, large
composting plant receiving mixed MSW for mechanical sorting prior to composting and large
industrial digesters treating site-specific liquid effluents from food processing (sugar, starch,
brewing and distilling, cheese production) as well as secondary treatment of sewage. Current
expansion in biological waste processing is occurring in the following areas: large joint biogas
plant receiving manure from a number of farms and also receiving selected agro-industrial
wastes; composting of source selected wastes (particularly garden, landscaping and horticultural
residues)

Products

14. The value of products as replacements for conventional chemical fertilisers, with defined
levels of the primary nutrients (NPK), depends on the level of these nutrients. In general these are
only high (of comparable levels to synthetic fertilisers) in products which are derived from special
wastes associated with animal processing, pectin extraction, etc., or are based on manures and
(sewage) sludges. The availability of animal by-products is limited and they may attract a higher
price as special inputs into home garden and horticultural products such as 'hoof and bone' and
dried blood. The low nutrient level of such materials can be compensated for by increasing the
level of application. However, this may reach levels of tonnes per hectare, rather than kg/ha,
increasing transport and spreading costs.

15. Where large amounts of waste derived materials are applied to the land there may be
associated problems and cause for concern as a result of the composition - the balance between
components and the levels of trace constituents. Such problems reflect the fact that final
composition reflects the original composition of the waste materials used and the conversion
process, whereas chemical fertilisers are formulated. It may be possible to formulate composts
and digestates on the small scale and products of this type are coming onto the market as peat

Axewuns 92AT3INOOX




EXECUTIVE SUMMARY

substitutes for home and horticultural use. In particular coir (imported coconut waste) is used to
increase the stability and minerals may be added to increase the level of inorganic nutrients. The
nutrient value of lignocellulosic-derived composts can be improved by co-composting of straw or
wood chips with manures or sludges. This has the added advantages of diluting concentration of
contaminants (but not the total amount) and increasing solids content. Problems of contamination
by inerts (glass, metal, plastics) of MSW-derived composts are well known.

Product quality

16. The quality of such organic fertilisers will determine their market value and market penetration.
Where these products have a low nutrient content their monetary value is low. Higher quality
products will be used in the home, garden, horticultural and amenity markets since these
command much higher prices. As a result it will be the bulk, low quality materials which cannot
find other uses which will be used with energy crops. Due to costs of transport these will have to
be used on a local basis, or the costs will have to be covered by a disposal fee. In other words the
primary driving force behind an increased use of waste derived organic fertilisers will be waste
disposal rather than plant nutrition. Set-aside land, or land devoted to plants grown for non-food
use will be used for such disposal, since this represents the minimum direct threat to human
health.

Environment

17. The key questions then concern the degree of contamination of such materials which can be
tolerated by the soil, the impact of these on plant growth, the extent to which heavy metals are
assimilated by energy crops and the overall long term distribution of these added contaminants in
both the local and global environment. A considerable amount of information is available from
field-trials of agricultural crops treated with approved levels of sludges and manure as well as
from plot or pot trials using indicator plants with higher amounts or concentrations of
contamination. The uptake of metals and growth response resulting from application of sludges in
trees and forests, including potential energy crops has been investigated in some situations. This
extends to studies which aim to establish the benefit of growing trees and other plants as methods
of selectively removing heavy metals from contaminated soil, as well as studies related to the
establishment of vegetation on highly contaminated areas such as mine spoilage tips. Detailed
studies on fast growing arable energy crops are not available, although some work has been
started as part of the activities of the Miscanthus network supported by the CEC under the AIR
programme.

18. Irrespective of the standard of management, plant design and precautions taken, many waste
treatment plants built in the past have been unpleasant, to varying degrees, due to odours,
leachate, wind-blown fines, etc. This has engendered the well known NIMBY (not- in-my-back-
yard) syndrome, which in turn has resulted in significant improvements in more recent plant, but
also raised costs considerably. Anaerobic digestion plant have the advantage that they can be
more or less totally enclosed, with liquid waste introduced (and digestate removed) by specifically
designed tankers through ports fitted with valves, minimising gas and liquid escape. Composting
systems are more difficult to enclose. However, odour can be reduced to a minimum by operating
in halls at negative pressure with the swept volume recycled through the heap, scrubbed through
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a water filter or passed though a soil bed (bio-filter). The off-gas from anaerobic digestion may
also require scrubbing to remove hydrogen sulphide to prevent engine damage. Such plant are
facing increasing problems in terms of planning consent and environmental impact assessments
may be required, as well as guarantees of zero emissions in terms of odours.

19. The most serious concerns about the widespread use of waste derived organic fertilisers and
composts relate to the levels of heavy metals which may be accumulated and, to a lesser extent,
the possibilities of disease transmission. Both anaerobic digestion and composting should provide
adequate sanitation and where the risk is significant for liquid wastes an additional heat-
sterilisation stage can be added. Sludge consolidation by settling, composting or digestion leads
to concentration of any heavy metais present in the solids. The only way to reduce the heavy
metal problem is to limit the amounts of heavy metals entering the agro-food and industrial
processing chains. Suggestions have been made that sludges can be washed or heavy metals
complexed by ion exchangers. This only transfers the problem of disposal to a new medium and
increases processing costs.

Crop yields

20. Conventional agricultural wisdom accepts that crop yields are proportional to nutrient
availability, which means nutrient inputs where high crop yields are harvested on an annual basis.
The response of plants to such increased nutrition continues until some other factor, water supply,
light, temperature, competition from other plants (weeds) or disease, limits this. The market value
of CAP supported agricultural crops, reflected in the increase in yield, has in general exceeded
the cost of chemical inputs. As a result use of soluble chemical fertilisers has increased in all
Member States over the last 2-3 decades. Since nitrogen fertilisers have a high solubility and are
not immediately assimilated by the plant leaching has contributed to nitrate levels in ground water.
A second source of this nitrogen has been the decay of organic residues as a result of conversion
of long-term pasture to arable use.

21. The use of organic fertilisers does not necessarily overcome such problems of environmental
contamination by macro-nutrients unless these are complexed in some way providing slow-
release of nutrients as a result of microbial action. A number of processes for generating such
slow release fertilisers are under investigation. However, these only represent one option, which
may not be feasible with many wastes. Unlike food crops, where yields benefits can be measured
in terms of the gross financial benefit per hectare and year, energy crop yields can be judged in
terms of GJ harvested per annum per hectare compared with the energy inputs, expressed in
similar terms. This reduces the value of bulky fertilisers with high distribution and spreading costs.

Political concerns and legislation

22. Political and environmental groups have expressed concern about the use of high chemical
inputs to generate crops for fuel use, as well as aspects of waste generation, waste disposal,
ground water contamination and environmental impact, including effects of large husbandry,
harvesting and transport machinery.
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23. These opinions can be viewed in respect of the increased environmental legislation which has
been proposed or adopted as a response to environmental concerns. However, legislation and
political considerations which impact on the use of organic fertilisers for production of energy
crops go far beyond purely the environmental. In particular aspects of the Common Agricultural
Policy (including set-aside) and General Agreements on Tariffs and Trade (GATT) affect the
availability of land and possible end-use or marketing of crops such as rape. The feasibility of
marketing biofuels depends on tax concessions, or improved competitiveness with fossil fuels
resulting from the possible imposition of a carbon tax. The movement of some biomass materials
in their raw state may be affected by legislation on plant product movements related to disease
control. The nature and availability of wastes for composting or digestion, as well as the chosen
route, will be affected by pending legislation covering landfilling and packaging. The application of
sludges and manures, as well as derived products, to land is already covered by a wide range of
national legislation, reflecting in part EC Directives. Legislation and quality standards for organic
fertilisers are currently under discussion, whilst various alternative farming organisations have
their own standards.

Fiscal measures

24. The deciding factor which determines the extent of energy cropping and hence the extent to
which waste derived organic fertilisers are used in this respect will be economic. In terms of
current market value biofuels cannot compete with fossil fuels and organic fertilisers cannot
compete with chemical fertilisers. As indicated above legislation may distort these facts by fiscal
means or subsidies. Some Member States have already introduced lower taxes on biofuels (eg
France, ltaly), whilst others offer preferential prices for electricity generated from renewable
resources (eg UK, Denmark, Italy). Alternatively the difference may be paid for as part of the cost
of waste disposal. This cost may be collected under local or regional taxes, paid for by
governments, recovered as a tipping fee charged at the gate of the disposal site or be built into
complex waste/packaging systems as in Germany. Irrespective of the route of payment the cost of
waste disposal to acceptable standards, to meet ever more stringent environmental legislation, is
growing.

Economics

25. Generating energy or organic fertilisers for sale, as a by-product of waste treatment, reduces
the net cost of disposal, especially for difficult wastes such as those derived from fish and meat
processing, sewage sludge and liquid manures. However, again there is a balance between the
direct use of wastes and residues for energy production (as in straw combustion or manure
digestion) and the application of waste derived products to the land to generate energy crops. In
the short term the true energy potential of many wastes and residues has yet to be realised.
Energy crops are attractive where they offer the opportunity for income generation from set-aside
land or where they provide a superior feedstock which facilitates the use of more efficient
conversion technology or a higher value product (eg liquid transport fuel). The feasibility and
economics of growing and processing the most likely candidates (Sorghum and Miscanthus) are
still under investigation. Until this work is completed and decisions made the main energy crops
grown will be trees where applications of waste-derived materials present fewer problems.



EXECUTIVE SUMMARY

Needs

26. The main needs, apart from a viable biomass energy cropping industry to take the waste-
derived organic fertilisers, relate to information on amounts, distribution, availability and
composition of wastes and residues which might be used as well as agreed methods of analysis,
product definitions, product standards and agreement on terminology. Some aspects are being
addressed by national government bodies, trade associations, professional institutes of waste
management, common interest groups supported by industry, agricultural unions, scientific and
academic institutes, environmental organisations and similar bodies. However, each group has its
own particular vested interests, action programme and targeted recipients of selected information.
There is a role for the CEC in maintaining a central position amongst these activities by a
continuation and expansion of previous activities supported under DGXII within the Recycling
Programme. This could be incorporated into environmental, regional or renewable energy
programmes. However, the scope probably falls outside the specific activities of the AIR
programme.

Community support of research and development

27. Areas of activity which could be supported under AIR, or future agricultural and forestry
programmes and/or JOULE or future renewable energy programmes should obviously
concentrate respectively on aspects of plant nutrition, plant yield, heavy metal accumulation and
the fate of these heavy metals during subsequent combustion or processing to generate heat,
liquid fuels or electricity. Due to the importance of soil composition, structure and physical
properties as well as impact of climate and cropping practices investigations would be required
covering a broad range of sites, using the preferred species matched to soil and climate.

28. Other needs for research into waste availability, waste management techniques, waste
composition and changes within industrial practices designed to minimise waste and
contamination by heavy metals lie outside the remit of AIR or JOULE and can best be funded by
national initiatives, the environmental directorate of DG Xll or by DG XI. However, a suitable
dialogue should be maintained between these interests, which may extend to DG XVI in terms of
regional development or planning and to DG VI in respect of agricultural policy.
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OVERALL OBJECTIVE

The overall objective is to review available information relating to the possible changes which
might occur in both soil fertility and crop vyield if existing farm land is utilised for the long term
production of high yielding energy crops following set-aside as well as the opportunities for
maintaining soil fertility and crop yields without recourse to high inputs of conventional chemical
fertilisers through use of inputs of biological origin where the term fertility is used to cover both the
(inorganic) nutritional status of the soil (N,P,K and trace elements) and soil structure (C:N ratio,
organic carbon content, water holding capacity, etc). The economics, practicality and future
potential for the combination of wastes utilisation with the production of high yielding arable
energy-crops is assessed in relation to relevant current and anticipated EC and/or national
legislation, regulations and standards. On the basis of this review areas where further R&D are
required are indicated. Information sources and information needs relevant to the CEC/BIS
(biomass information system) are summarised.



1.2.1.

1.2.2.

1.2.3.

1.2.4.

OBJECTIVES

SPECIFIC OBJECTIVES

Soils

To review soil properties and factors affecting the long term fertility of soils of the types occurring
in regions where set-aside land may realistically be used for the production of high yielding crops
likely to be used for the production of biofuels or electricity. This includes a brief introduction to
soil components (minerals and organic components) and their contribution to soil fertility, including
both nutritional and structural aspects as well as the role of organic matter in relation to microbial
populations and the development and maintenance of soil fiora and fauna in general. A summary
of the major soil types and their characteristics for the EC is included.

Organics

To review the nature and availability of organic wastes and residues produced by agriculture,
forestry, industry and municipal activities (including green wastes collected from restaurants,
markets, gardens, parks, road sweeping and amenity centres) as well as mineral containing
materials derived from the agro-food or agro-industrial production and processing chain which
might be processed to organic fertilisers. To consider conversion processes, including biological
(aerobic composting and anaerobic digestion) and chemical approaches as well as the nature and
characteristics of the products (fertilisers, soil conditioners, mulches, etc) which result from the
combination of various raw materials with various conversion technologies. Specific problems
related to heavy metal accumulation, possible disease transmission as well as accumulation of
phytotoxic compounds are considered.

Crops

Crop aspects relate to the nutritional needs of energy crops as well as the impact of continued
removal of high yields of biomass on soil composition and hence soil fertility. The potential
benefits of adding organic materials of various origin, treated in various ways, as well as potential
problems are discussed on the basis of published information concerning trials using organic
fertilisers, including those based on sewage sludges and manures. The impact of addition of
organic matter in increasing plant health through promoting the growth of beneficial organisms
which reduce the incidence and impact of pathogens, enabling a reduction in the use of
pesticides, is also reviewed.

Non-technical aspects

Non-technical aspects covered include considerations of the political (environmental) attitudes to
the use of energy crops and the impact of combining waste-derived organic fertiliser regimes with
arable cropping for the purpose of generating either liquid biofuels or electricity. This is extended
to consider the economic impact of such activity and the impact of existing and anticipated
legislation from the CEC as well as National legislation, regulations and standards relating to
combustion of farm residues (straws) in the field, waste disposal (inctuding considerations of the
levels of heavy metals in production systems, nature and amount of packaging, adoption of clean
manufacturing practices, etc), discharge to land of manures, sewage sludges and industrial
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1.2.5.

1.2.6.

OBJECTIVES

effluents, various water directives, relevant air quality standards (flue-gas emissions), biofuels
(including tax concession), land set-aside and other aspects of the CAP reform as well as
standards for composts, growing media and soil conditioners (including a review of the recent
activities of the CEN).

R&D needs

These are reviewed with specific reference to the nature and quality of waste-derived organic
fertilisers, relevant conversion technologies and the impact of the use of these on the long-term
quality of soil - including beneficial aspects of soil fertility and potential problems of short-term
leaching of pollutants and long-term build-up of heavy metals and related pollutants.

Information needs

The content of the previous sections is used to identify areas where quantitative information may
usefully be brought together in order to increase the benefits to be derived from the biomass
information system (BIS). In this respect it has been assumed that the aspects of soil types and
plant nutritional requirements will be covered by other activities related to the current series of AlIR
reviews and BIS activities, as will the nature and characteristics of the potential arable energy-
crops. Hence, aspects of information needs are restricted here to considerations relating to the
following activities:

i. Sources and characteristics of wastes and residues
ii. Operational characteristics of various conversion technology
iii. Performance of specific plant

iv. Physical, chemical and biological composition of final products derived from various
waste sources, converted using various technologies

v. Results of specific trials looking at plant growth, changes in soil quality or heavy metal
accumulation where such waste derived materials were used as a source of plant
nutrients, soil improvement or waste disposal to land.
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METHODOLOGY

This study extends work previously carried out under contract number JOUB-0066-DK,
coordinated by INRA (France) concerning the European Network on Soil Fertilisation and
Conservation - Assessment Study of Organic Fertilisers well as complimenting experimental work
coordinated by | Kruger AS (Denmark) under contracts JOUB-0029-DK and JOUB-8002-DK. It is
based on further literature reviews, including both scientific publications and CEC documents as
well as site visits. Discussions have been carried out with technical experts and commercial
organisations involved in the handling of organic waste, production of composts, operation of
anaerobic digestion facilities, sale of composts and plant nutrients (trace elements) as well as
production of energy crops - including some of the participants in the CEC sorghum and
Miscanthus networks. In addition information has been taken from the extensive experience of the
cane sugar industry with monoculture plantations of a very high yielding crop grown on the same
land for decades.

In addition the various participants met in Kropp (Germany) on May 5-7 1993 in order to discuss
the intermediate report and reach a consensus agreement on the content and nature of the final
report. During this period the opportunity was taken to visit the laboratory undertaking research
and development work on the chemical treatment of slurries to produce a slow release fertiliser as
described in the associated study (JOUB-92-8002-DK) prepared by | Kruger AS. In addition visits
were also made to the nearby large centralised biogas plants at Lintrup and Ribe (both in
Southern Denmark). The report also covers material obtained from meetings with commercial
organisations, visits to commercial composting and AD plant in the course of other activities as
well as attendance at relevant scientific meetings and workshops not funded by the CEC.
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THE SOIL

The general principles which relate plant yield to soil type and condition are well known as are the
performances and responses to added fertiliser, lime, micro-nutrients and water as appropriate.
Detailed studies have been carried out as part of the overall agronomy of the major agricultural
crops within the EC. These include a number of species which can, from a technical basis, be
used for the production of liquid biofuels such as bioethanol and biodiesel. This information can
be used to make assumptions concerning the needs and performance of novel cropping systems
aimed at producing high yields for energy purposes. However, direct correlations are not possible
for two reasons. First it is clear that the financial and environmental costs of high chemical input
farming cannot be justified for energy production.

In fact such inputs are being questioned in terms of food production associated with the
recognition of problems with ground water pollution by nitrate and recognition of 'nitrate sensitive
zones'. Second to a large extent the removal of nutrients reflects the volume of material removed
from the field. As a general rule about 1.5 kg N may be removed for every GJ of biomass energy
crop generated. High yielding crops, if harvested as green material, will result in increased soil
depletion as well as the possibility of greater structural damage to the soil through repeated
harvesting using heavy machinery. The need to prevent soil degradation by addition of organic
matter which can also provide inorganic nutrients in a form where they are gradualily released to
the growing plants but are not released into the environment in a soluble (leachable) form is an
attractive one.

To provide such organic inputs at a realistic cost requires that some other benefit also accrues
against which the process costs can be off-set. The obvious area is the one of waste disposal
since considerable amounts of sludges and manures are already disposed of in this way.
However, direct application, or application to the soil after some forms of treatment contributes to
problems of pollution and eutrophication. Hence, such use depends on the nature of the waste
and its treatment in order to generate a product which can be applied safely and beneficially.
These aspects are summarised in the next section.



3.2.1.

TECHNICAL CONCLUSIONS

PRODUCTION OF ORGANIC FERTILISERS
The production of organic fertilisers can be considered from the following view points:

The production of organic fertilisers at a price which can justify their use in connection with the
growth of crops for energy has to be linked with waste disposal. The cost of producing purpose
grown plant material for composting is prohibitive. Hence, the concept is dependent on financial
support' from the waste disposal industries. In fact land represents a major sink for waste disposal
already - both as the final resting place for solid waste in landfill sites and as an absorbent for
liquid wastes such as sewage sludge, manure/slurries and some agro-industrial effluents. The
need to dispose of wastes through such routes is increasing, whilst legislation increasingly limits
the amount and type of waste which can be disposed of directly in an attempt to reduce pollution,
which may benefit the environment.

Biological consolidation, through composting and/or anaerobic digestion, represents a means
whereby the two considerations of waste disposal and plant fertilisation can be linked producing
less pollution than the alternatives of incineration or landfilling, at reduced net costs. In the same
way some chemical treatments may also concentrate or partially immobilise the inorganic fraction
of many wastes (especially manures and sludges) which may otherwise be difficult to dispose of.

Irrespective of the treatment route the final product must be in a form suitable for incorporation
into the soil. The questions of suitability relate mainly to the environmental impact of using such
materials in this way. Since the nature of the raw materials used as well as the treatment process
affects the environmental impact the two main considerations are noted here. These are the
levels of soluble inorganic nutrients (especially nitrate and phosphate) and the level of other
pollutants (especially heavy metals, phytotoxic compounds, xenobiotics such as pesticides,
polychlorinated biphenols or PCBs and pathogens).

Nature of raw materials

Raw materials can be divided into two groups which have been described as either clean or dirty
on the basis of the likelihood of contamination with heavy metals, pathogens, parasite eggs,
xenobiotics, etc. The clean material include peat, bark, forest processing wastes and coir. The
dirty materials include sewage sludge and separated organic material from MSW. There is a third
category of material, which includes agricultural and agro-food industry processing residues and
manures. These may be regarded as falling into either the clean or dirty category depending on
the source and view point of the user. However, large variations in composition occur and similar
materials may be clean or dirty depending on the source. For instance sewage sludges from rural
areas may show much lower levels of heavy metals than those from urban industrialised regions.

In particular some raw materials which are acceptable to the general user as clean, may be
regarded as not acceptable by organic farming movements. This is due to concern about possible
levels of heavy metals, pesticide and herbicide residues, animal growth hormones and so on
which are used in crop protection and/or animal health and nutrition. However, in the present
context most of these materials can be regarded as clean since they will not cause an adverse
effect on the energy crop or the environment, unless highly contaminated due to excessive or
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illegal use of chemical inputs. Concermn about levels of xenobiotics may also be exaggerated as
both composting and anaerobic digestion may result in breakdown of some types of pesticides.
Conversely both composts and digestate from anaerobic digestion will contain higher weight
percentages of heavy metals than those of the input material, reflecting the loss of mass due to
release of carbon as carbon dioxide and/or methane.The major raw materials or potential raw
materials are thus:

Clean: Peat, bark, coir, fresh (untreated) wood chips

Variable: Manures, straw and other agricultural residues, agro-food processing wastes,
sewage sludges

Dirty: Municipal waste, waste paper

In terms of plant nutrients interest is focused on manures and sludges, whilst most ‘clean’
constituents provide only bulk organic material plus K and some trace elements. The nitrogen
content of sludge can range from 0.5 to 8% of dry solids with the amounts and chemical form
depending on the sewage works, catchment area and sludge treatment process. It is present in
undigested sludge as complex organics which are converted to ammoniacal compounds during
digestion. With 30-50% of the total nitrogen as ammonia digested sludge is potentially a quick
acting nitrogen fertiliser. De-watered sludges are a good source of slow release nitrogen as most
(soluble) ammoniacal compounds will be removed. The availabilities of nitrogen in various forms
of sludge can be roughly as follows: Liquid undigested 35%, Liquid digested 60%, Undigested
cake 20% and digested cake 15%.

Nitrogen in primary siudge is present only as organic or ammoniacal N, in general nitrate is not
present. However, after aerobic treatment nitrates may be present, while anaerobic digestion
increases the amount of ammonia. After spreading on land soil microbes will inter-convert the
various forms. Ammonia is strongly retained in soils, but can be lost during storage, spreading
and conversion to nitrate by nitrifying bacteria, becoming soluble and if not taken up by growing
plants, is at risk of being leached and lost to ground water. On average application at a rate of 4
tonnes per hectare will provide 200 kg/ha nitrogen. Five tonnes per annum of de-watered sludge
cake will provide 150 kg/ha of slow release nitrogen, of which 30 kg might be available in the year
of application. Both alternative will also provide 150 kg/ha phosphorous if this is allowed.
However, in some EC countries (eg DK, NL) legislation restricts application of phosphorous to
around 40 kg per hectare (averaged over 10 years), which in turn limits the amount of N which
can be applied.

Phosphate in sludge is mainly present in the solid phase in organic form. Where iron or aluminium
compounds are used in sludge conditioning they may combine with phosphates to form insoluble
compounds, which do not release to plants. Lime precipitates calcium phosphate which is more
soluble and available to crops. The introduction of synthetic detergents increased phosphate levels
to an average of about 1.5% dry weight in the UK, but can rise as high as 5%. About 50-80% of
sludge born phosphate is available to plants in the first year of application. It has generally been
accepted that phosphates are not in general leached. However, more detailed studies in DK
concemning the environmental impact of sludges has shown that this conclusion may not be correct,
resulting in the limits set by legislation.
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Products providing bulk with limited nutritional elements include tree bark as a waste product from
the forestry industry. Larch/spruce barks are often composted with a nitrogen source (eg poultry
waste) to satisfy the initial nitrogen demand on decomposition. Manganese toxicity may be a
problem in spruce/larch barks. Pine bark needs to be stacked to eliminate the turpentine which
would be phytotoxic. Bark is being used in mixes with manures as components of open ground
media. Spruce/larch bark is also used as a component of growth media and as a muich for
organic weed control. Leaf mould is principally a local product which might be used in situ but is
not suitable for distribution. Leaves have to be stacked and matured for between one to three
years or mixed as the smaller proportion with other organic materials providing a higher level of
metabolisable organic compounds to stimulate microbial growth. Turning and shredding improves
speed of production and quality of product.

Straw and similar agricultural residues with high lignocellulosic content have a negligible inorganic
nutrient content. Incorporation of straws directly into soils may contribute to nutritional deficiencies
associated with a stimulated growth of microorganisms. Incorporation of residues directly into the
soil can also contribute to the build up of pests, such as slugs, in wetter climates whilst microbial
degradation in the soil may also generate inhibitors of seed germination. These effects can be
avoided if straw and other similar residues are removed from the field, composted with additional
N-sources and the product returned to the fields. Hence, straws are suitable for co-composting to
add bulk to wet, nitrogen rich wastes (manures, sludges, effluents).

One tonne of straw may require 10 Kg of ammonia for composting and can lock-up a similar
amount of N if incorporated directly into the soil. This N may then be released slowly and become
available for plant growth. However, straw is only suitable for localised use in this way as it is not
cost effective to transport it over large distances. In a number of member states this creates
difficulties due to the separation of arable and animal farming; eg in the UK with wheat production
mainly in the east and animal production in the west. At the same time the prohibition of in-field
burning of straw has both created more problems for farmers and made more straw available for
other uses.

As far as domestic wastes are concerned a distinction has to be made between composting as a
method of stabilising green wastes and compost which is generated with the objective of
producing a useful product. The main differences relate to the composition of the input materials.
These will differ depending on the geographical location, time of year and collection method. The
ratio of inert materials (glass, metal, plastic, etc) to biodegradable materials (food wastes, market
wastes, garden wastes, paper, card, wood, etc) increases in areas of greater urbanisation and/or
industrialisation. Hence, the waste from large towns in the more northern member states may
contain less than one third of the organic content of domestic waste from the rural areas of
Mediterranean countries.

The composition of the waste derived from households to be composted also reflects the methods
used in selection or sorting. These can include:
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i. Mechanical sorting of mixed MSW, using mechanical methods based on size and
density variations, possibly after preliminary shredding. In general the organic-enriched
fraction represents the fines from rotating screens (Trommels) which also contains
mineral (sand, grit, soil) and ash as well as small fragments of glass and non-ferrous
metals (ferrous metals being removed by magnets). The fines fraction may be mixed
with low density fractions enriched for paper, but contaminated with non-biodegradable
materials such as plastic sheet. Such processes have been widely used as the front end
for composting plant and for demonstration scale anaerobic digestion facilities as well
as for Europe's largest commercial AD plant (Valorga, Amiens, France).

ii. Mechanical sorting of mixed MSW using mechanical methods based on screening of the
waste after addition of sufficient water to reduce the tear strength of paper so that it
passes through small holes in a rotating drum sieve (eg DANO drum). Such processes,
which may be described as hydro-pulpers or in some cases erroneously as composting
drums, have been used as the front end for both composting and anaerobic digestion
plant. Again contamination by glass and small plastic and metal objects can be a
problem.

ili. Source-sorted wastes, which in general come from household waste collection systems
in which the householder is provided with separate containers for different types of
waste. These include (in some areas of Germany in particular) special bins designed to
ensure aeration of organic materials (green wastes) and initiate the composting process
prior to collection. Other regions have introduced systems in which garden wastes are
collected separately.

iv. Source-selected wastes, are derived from specific sites known to generate large
amounts of clean biodegradable organic materials suitable for composting - includes
fruit and vegetable markets, gardens and parks, garden centres, landscape gardeners,
fruit and vegetable processors, etc.

Many large composting plant were built in Europe over the last three decades which receive
unsorted MSW and subject it to a number of physical treatments in order to separate various
fractions. These include removal of magnetic materials, use of wet screening (DANO drums),
screens (Trommels) of various aperture size, bounce separators, air knives and other mechanical
devices which separate the mixed waste on the basis of density. The objectives may variously be
to recover metal, glass and/or plastic as well as produce a combustible fraction for RDF (refuse
derived fuel) and a wet organic fraction for anaerobic digestion or composting. The main problems
relate to performance of the mechanical devices (with failure or blocking quite common) and the
efficiency of separation, which results in a feed material for composting which may be highly
contaminated with small pieces of glass and plastic. In some plant the extent of separation is
improved by having people hand-sort various fractions of the waste at various stages.



3.2.2.

TECHNICAL CONCLUSIONS

The quality of the input material for composting can be improved by selection. In an increasing
number of EC member states authorities are introducing sort-at-source systems which require the
householder to separate wastes. The precise details differ significantly from scheme to scheme.
In some instances the fractions sorted at home are subject to further mechanical or hand-picking
on receipt at the composting plant.

An alternative is to select the source of the material. This approach is being adopted by a
significant number of disposal authorities in the UK for example. Green wastes are selected by
establishing specific skips on waste disposal sites where members of the public can deposit green
(garden) wastes which in some cases is supplemented by green wastes collected from specific
sites such as stables, vegetable markets, restaurants, agro-food processors, road sweeping
(leaves), harbours (spoiled imports of fruit and vegetables) etc. This provides a fraction of the
waste which is generally free from metal, glass or plastic contaminants.

Availability of raw materials

The availability of raw materials reflects the total amounts of relevant wastes, residues and
sludges modified by considerations of location, competitive use, conversion technology and
economics as follows.

a. Total European Resource

The total wastes produced within the EC have been estimated at around 2500 million tonnes,
comprising municipal solid waste (MSW), agricultural residues, manures, agro-food processing
wastes, forest and yard wastes, sewage sludge and industrial wastes. Of these some 75% will be
organic in origin or include organic components as a significant proportion of their solids.
However, this total resource bears little resemblance to the actual amounts of wastes which might
actually be used to generate composts and organic fertilisers. The actual amount will vary with
some many factors that precise estimates are of little value. These factors will reflect changes in
both processes which generate wastes and residues and methods used for treating such
materials. The amount and composition of wastes with vary with geography and population
density (rural or urban), the extent to which they can be used will reflect technical ability, whilst the
amounts which are used will reflect economic factors and investment in plant. This in turn will vary
between farm, forest, industrial and domestic sectors and within each of these depend on local
availability of by products and residues from local processing of specific raw materials. As a result
generalities are not possible. Each opportunity will have its own site-specific characteristics which
may be influenced by local markets and national legislation. Hence, rather than attempt the
impossible task of deciding what percentage of the above might become available, the factors
influencing each area of consideration are outlined. These can then serve as pointers to
considerations which will have to be made in respect of any feasibility study related to a specific
site, raw material or market demand.
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b. Time dependent changes

One way of predicting future resources is to look at historical trends. However, this approach then
requires modulation in respect of future technical change and changes in market demand, which
in turn reflects population changes (numbers, demography, employment, etc) as well as changes
in family and personal life style including aspects of waste recycling. Many of the changes are
driven by legislation, which will have a greater impact in future as discussed in the final section of
this report.

Changes in agricultural residues and manures reflect changes in crop and animal husbandry
methods as well as cropping and stocking patterns. Throughout the EC, and indeed in agriculture
in general on a global basis, the changes reflect a move from small mixed farms to large arable
farms associated with monoculture of grains in particular combined with intense livestock
production in housed units, fed imported feed. This has led to a polarity of production as
discussed under geographical availability below.

Similar changes have occurred in the composition of domestic solid waste. The main changes
reflect the move from house heating using coal which generated large amounts of ash,
complemented by the increase in size and number of newspapers and magazines as well as
packaging, including plastics which came on the market in the early 1970s. Subsequent concern
about recycling of paper has led to a decrease in the proportion of waste paper and card, whilst
an increase consumption of prepared or partly manufactured meals has led to a drop in the
putrescible fraction. More dramatic changes are anticipated as a result of the proposed new
packaging directive.

Similar changes can be seen in other member states, although the basic composition of the waste
differs from country to country. For instance changes in waste composition observed in Lisbon,
Portugal over the last decade shows a similar trend to that in the UK during the 1970s with a drop
in putrescibles and increase in packaging of all types (glass, metal, plastic).

c. Geographical availability

The underlying statistics of waste composition reflects geographic differences in wastes
composition which in turn reflects differences in the level of urbanisation and industrialisation
between various member states. Countries, or regions, with a higher rural population produce
more putrescible wastes. At the same time it is interesting to note that these countries do not have
a particular problem with disposal of agricultural wastes. As discussed in more detail in section
All.b. problems of manure disposal arise in the more industrialised member states including the
Netherlands, Germany, Denmark and parts of the UK and France. This reflects the extent to
which agriculture has passed from the rural community comprising small mixed farms to large
centralised production facilities. It is in the same countries that large agro-industrial processing
facilities (including slaughter houses, starch processing factories, canning facilities, etc) have also
been established, again leading to localised waste disposal and environmental problems.
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Such patterns of production also affects the availability of agricultural residues such as straw. In
small mixed farms these residues may be used as bedding or animal feed. In contrast in regions
such as East Anglia (UK), several millions tonnes surplus straw may be generated in the same
way that large amounts of manure and agro-industrial processing wastes may be generated
elsewhere, as in the Netherlands, North Germany and Denmark for instance.

d. Technical availability

The ability to use wastes to produce organic fertilisers now depends on collection, transport and
the availability of reception and processing centres. The easiest materials to treat are those which
accumulate as part of an agro-industrial process or through the collection of wastes (MSW). This
avoids the need for collection and indeed the main concern may be that of disposal as part of
waste treatment or pollution control. The ability to treat such wastes depends on their suitability
for biological consolidation through either aerobic (composting) or anaerobic techniques which are
considered in more detail below. In theory all biological materiais with a high organic content can
be treated by either technigues. The constraints relate to either their physical form or their detailed
chemical composition, including aspects of nutrients and metabolic inhibitors. The technical
aspects are

e. Economic availability

The extent to which the private sector will be encouraged to invest in biological waste treatment
plant will not depend on the usual market forces of supply and demand. This is because in an
open market situation organic fertilisers are more expensive than those derived from fossil
feedstocks (oil, coal or natural gas) in the same way that biomass-derived fuels are more
expensive to produce than are fossil fuels. Investment in processing plant thus requires additional
incentives, which exists already or are likely to arise in the near future as a consequence of
changes in National legislation reflecting Decisions and Directives from the CEC. Due to the
importance of such legislation on the economic viability of biological fertiliser production plant this
topic is covered in detail in Part IV of this report.

The three main components of economic availability are:

i. Transport costs
il. Net processing costs
iii. Product value

In fact product value is the main determining factor. Although there are small higher value markets
for organic fertilisers such as bone, blood or specialty planting mixes (such as bulb-fibre for home
use), the value of waste derived products with a low nitrogen or other mineral component will be
low. Typically bulk products may sell for less than 5-10 ECU per m?, although if bagged might
have a greater value. Even products with a higher nitrogen content will probably sell for less than
100 ECU per tonnne. Hence, transport costs of collection and delivery to the process plant as well
as distribution of the product to the fields must be limited by distance, whilst process costs must
be minimised or subsidised. The main subsidy would be in the form of a waste disposal credit.
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f- Sectorial availability

The major groups of organic wastes which may be considered as inputs for organic fertiliser
production are sewage sludge, manures, agricultural and forest residues and agro-food industry
processing wastes and effluents. The availability depends on

i. Collection strategy

ii. Competing markets

jiii. Low cost disposal routes
iv. Legislative limitations

Costs are reduced and availability increased where the wastes or residues are concentrated as
part of or as the consequence of some other pre-determined activity, whether commercial or
amenity. Hence, sewage sludge, agro-food industry waste, domestic solid wastes, saw mill
wastes and so on will accumulate on specific sites. In the same way manures and animal solids
(paunch contents, blood, offal, etc) will accumulate in factory farms and meat processing facilities.
In all cases there is then a need for disposal from the site of the accumulated waste. Straw is in
an intermediate position. It may be baled in the field and will have to be removed prior to
subsequent replanting. However, this requires a conscious decision and additional investment to
take it to a processing site.

As indicated above municipal and domestic solid waste presents an opportunity for composting or
anaerobic digestion, but preferably sorted at source. At present the extent to which this happens
is limited, whilst the quality of unsorted waste makes it unsuitable as a feedstock. Clean dry
lignocellulosic residues such as straw, forest wastes and wood processing by-products as well as
agro-food processing residues such as nut shells, prunings, etc have a value variously as animal
feed or bedding, as biomass fuel, intermediates in paper/pulp production or as components of
particle board and similar composites. In general the added value associated with such use
(especially decentralised electricity generation), will be greater than their fertiliser value. Hence,
residues of higher quality will tend to be absorbed by these markets. Although the total availability
of agricultural residues exceeds the demand for such other uses producers of products with
greater added value may have greater purchasing power. Hence, those available for the fertiliser
market may be more diverse and as a consequence more costly.

In contrast manures and sludges find few if any other uses and are in general too wet for
combustion and will be treated by anaerobic digestion, composting or other biological treatment
(or simple storage over time) prior to deposit to land in some form or other. Hence, the greater
proportion of collected manures and sludges will be available in principle, with quality and
composition the main limiting factor. The main legislative limitations relate to the quality and
composition of the product and reflect environmental considerations of contamination of land by
heavy metals, excess nutrients, potential pathogens and so on.
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g. Local availability

This is of course the key issue, but also the one which cannot be generalised, since it requires
site-specific information. At the same time a number of existing projects which are analysed in
more detail in the appended material provide examples of the range of materials and local
considerations which determine the rational in investing in such plant. Both anaerobic digestion
and composting are covered in relation to diverse feedstocks including sewage sludge, manures,
straws, agro-industrial waste and sorted MSW.

h. Legal availability

The most significant legal impediment to the use of wastes as precursors for fertilisers relate to
the degree of contamination, especially by heavy metals, xenobiotics and soluble plant nutrients.
At present the legislation in this area is complex and varies between member states. In general
terms specific legislation may limit levels of contaminants, whilst more general legislation covering
health and safety at work, duty of care, trade descriptions, value for money, etc are also of
importance. The legal aspects are detailed in the appended material in part A.4.

Conversion processes

These can be divided into three areas, mechanical treatment, biological consolidation and
chemical reaction. In addition some wastes (manures, sewage, industrial sludges, etc) may be
added to the fields without treatment in some member states. Mechanical and physical treatments
covers either the size reduction of bulky material by chipping, grinding, etc or the dewatering of
liguids by mechanical or thermal means. In particular it can involve the mechanical incorporation
of green residues from the crop directly into the soil following harvesting. The main problem this
entails relates to impact on the physical and chemical nature of the soil, encouragement of pests
and disease and possible biological immobilisation of nutrients by stimulation of rapid microbial
growth, which may also generate phytotoxic compounds or germination inhibitors. These effects
can be overcome by stabilising the waste using biological means prior to incorporation.

Biological treatments can be divided into those utilising aerobic (composting), anaerobic
(digestion) and anoxic (nitrification) processes whilst chemical reactions include processes which
aim to co-precipitate various soluble or volatile (gaseous) inorganic components of wastes in
order to produce dry slow-release products. This can include gases, liquids or volatile materials
from both composting and AD processes as well as ash and/or volatile flue gases and residual
inorganic compounds in slurries. In particular this includes N-compounds (ammonia or ammonium
ions) in biological consolidation processes, S-compounds from fiue-gas scrubbing, K (potash)
from combustion and phosphate from slurries. The processes may in practice be combined, for
instance the trapping and conversion of odorous gaseous emissions from a composting plant can
be trapped in a biofilter, which uses microbial oxidation following physical absorption. Mechanical
size reduction of organic matter, in this context, is carried out in order to increase the surface area
to volume ratio, thus increasing the extent and rate of microbial attack. Processes can be divided
into three areas:
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TECHNICAL CORCLUSTIONS

a. size reduction which occurs as a consequence of primary processing of the raw
material, generally in a factory. This could include extraction of sucrose from sweet
sorghum to leave the bagasse, extraction of olive oil, pressing of grapes for wine, or
juice extraction from other fruit as well as wood processing, generating sawdust, bark,
etc.

b. size reduction which occurs in the field as part of a process of incorporating plant
residues into the soil - this is particularly applicable to straw, maize stalks, or leaves of
sweet sorghum where a chopper harvester, fitted with a trash blower, is used.

c. size reduction as part of the process of preparing wastes of various origin as feed for
composting or anaerobic digestion. This includes chipping or chopping of dryer
lignocellulosic residues (bark, straw, small branches, etc) and hammer milling of wetter
material.

The uncontrolled decay of organic wastes causes smells and the possibility of disease
transmission. Such problems may be severe where the large amounts of manures, food wastes,
garden refuse and similar wet, easily decayed organic material are held for any length of time.
Hewever, such problems can be overcome by ensuring that biodegradation occurs under
controlled conditions using a biological stabilisation process which may be either aerobic or
anaerobic. The two processes can be compared as shown below.

In aerobic (composting) processes the growth of oxygen requiring organisms is encouraged by
frequent mixing of heaped materials or the use of forced air systems. In contrast, in anaerobic
digestion exclusion of air favours the growth of specific microorganisms including those capable of
producing methane. in general composting has been used for stabilising agricultural and forestry
residue and to a lesser extent the organic fraction of MSW whilst anaerobic consolidation
methods have been used for sewage sludges, industrial effluents and farm manures.

Aerobic Anaerobic
(composting) (digestion)

Easily biodegradable materials Cell biomass Methane

Carbon dioxide Carbon dioxide
Heat, water

Less-easily bio-degradable materials Compost ' Humus-like
residue

(digestate)®

Process energy Bought in Generated in-house
(7-35% of output
energy)

* May be subject to aerobic post-treatment
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The use of anaerobic methods for consolidation of the organic fraction of municipal solid wastes
(OF/MSW) obtained by mechanical sorting has attracted a continuing level of research and
demonstration activity over the last few decades, with construction of only a few commercial scale
plant. In contrast the anaerobic digestion of the organic fraction of MSW obtained from 'sort-at-
source' programmes either alone, or admixed with manures and industrial effluents, is a rapidly
growing area of interest. Conversely the number of composting plant has increased rapidly over
the last few years, with the emphasis moving towards the use of source selected materials or the
combination of agricultural and/or forest wastes with domestic sewage sludge and, to a much
lesser extent, animal manures.

In the aerobic composting processes about 50% of the energy content of the digestible material is
lost as heat, with a corresponding generation of carbon dioxide and cell biomass. If the organic
material has a high degree of digestibility, for instance dissolved organic compounds as found in
sewage or industrial effluents, most of the organic material will be degraded with the formation of
a microbial biomass sludge. If the organic material has a lower degree of digestibility reflecting a
high content of lignocellulose from straw, bagasse, bark or wood or in the form of paper, card and
wood, as with MSW, the undigested residues (humus) form compost.

In contrast, in anaerobic processes over 90% of the energy content of the digested material and
40% of the total organic material, ends up as methane with an equal volume of carbon dioxide
generated in theory. In practice due to the differential effect of pH on the solubility of carbon
dioxide and methane biogas is enriched in methane. The amount of carbon dioxide retained in
solution depends on the alkalinity of the reactor liquid. An average biogas would contain around
65% methane, although some plants may produce biogas containing up to 90% methane. Not all
the organic matter added will be digested. An average figure for solid material with a high
lignocellulose content or manures would be around 40-60%.

Agro-food effluents containing a significant proportion of soluble lower moiecular weight
compounds of higher biodegradability may give 80-90% digestibility. Similar high digestibility may
be shown by vegetable wastes, whilst the digestibility of waste paper and garden wastes may lie
between 20 and 30%. Hence, the organic fraction of MSW may contain around 40% of easily
digested materials. The amount of heat produced as a result of cell metabolism is much lower
than for composting reflecting the lower growth rates of anaerobic organisms, which in turn mean
that less than 5% of the feed material ends up as microbial biomass (sludge). However, as with
aerobic processes a considerable humus-like residue will remain if the feed contains large
amounts of lignocellulosic materials.

The extent of digestion and hence the amount and nature of the residual solid digestate also
depends on the residence time in the reactor (detention time), selection of which depends on a
compromise between solids stabilisation and volumetric gas yield optimised on the basis of
economic criteria, which in turn reflects the average solids content of the digester and the
volumetric loading rate.
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3.2.4.

TECHNICAL CONCLUSIONS

Initial rates of biogas evolution, following introduction to the reactor, is rapid reflecting digestion of
the highly biodegradable fraction. Rates of gas evolution drop as the less easily digested
materials are attacked by hydrolytic bacteria. Continual feeding of the reactor with easily digested
material enhances gas production, but also displaces the active biomass (living microbial cells)
unless advanced reactor designs are used. Hence, the rate of feeding has to match the rate of
cell growth or cell biomass has to be retained or recirculated. Higher loading rates can be
achieved without displacing active biomass by feeding the reactor with waste mixtures with a high
solids content. Such high solids digesters are suitable for use with green wastes and sorted
fractions of MSW as discussed in more detail under considerations of processing plant.

The other significant difference is that in a composting plant energy will have to be bought in to
provide for transpon, separation, mixing and sieving of the product. This may be expensive. In
contrast for an anaerobic digestion system energy can be recovered in the form of methane and
used in-house. Surplus gas may also serve as a source of revenue through sales of gas,
electricity, steam or low grade heat to external customers.

Processing plant

a. Composting

Three different types of procedures are used in compost manufacture. These are:
i. Mechanical turning (windrowing) in open piles.

ii. Static piles with forced aeration - such systems may have sensor/computer control of air
(oxygen), temperature and/or moisture. The air may be sucked or blown through the
pile. Some systems combine alternate blow and suck cycles as a means of improving
control of moisture and/or temperature control by reducing the tendency to form
gradients which occur in uni-directional systems.

iii. Mechanical turning in enclosed systems; these vary greatly including both vertical and
horizontal systems which may be continuous or discontinuous, with moving or static
mixing machinery. Irrespective of the design the main objective is to increase the air
supply so that biological (oxidative) degradation can proceed as fast as possible. To be
economic systems which are designed primarily to generate compost for the bulk
markets should not cost more than 4-5 ECU per annual tonne compost capacity with an
energy input of less than 1 kWh per tonne compost produced. If costs are higher these
have to be recovered as 'waste processing fees'. For instance in one 'green waste'
composting plant in the UK a fee of £15 is received for each 10 m? skip handled.



TECHNICAL CONCLUSIONS

b. Anaerobic digestion

In contrast to compost, where temperature changes in a cyclic manner, AD reactors are run at
constant, specific, temperatures of either around 35 °C (mesophilic) or around 55 °C
(thermophilic). In general, rates of gas production at higher temperatures are increased and the
residence time in the reactor (retention time) reduced from around 20 days to nearer 12 days. The
simplest way to supply heat is to burn part of the gas produced, generating hot water, which can
be recirculated through heat exchangers. The amount of gas used in this way may vary between
7 and 35% depending on the process. The efficiency can be increased if this heat is derived, in
part at least, from sources other than direct gas burning. For instance if electricity is generated on
site using IC engines the cooling water may be used. In the same way if part of the RDF fraction
is burnt on site to generate steam use of this could result in gas savings (the choice being
economic reflecting gas value versus RDF value). The net heat demand can also be decreased
by the use of heat exchangers between effluent and influent streams (although costs and fouling
problems associated with the large heat exchangers required may negate this) and by
optimisation of tank design and insulation. These alternatives are considered in the annex under
case histories. Again a wide number of different design approaches have been investigated in
order to solve the problems of digestion solid materials; especially manures and to a lesser extent
the separated organic fraction of municipal solid wastes [OF/MSW]. In Denmark a number of plant
taking mixed wastes have been developed.

In general anaerobic digesters dealing with solids can be classified as follows:
1. Simple batch systems;

2. Systems based on diluted slurries in stirred tanks (CSTR), often with addition of sewage
sludge;

3. High solids systems;
4. Leached bed systems and

5. Multiple stage systems with chemical pretreatment and separation of the phases of
digestion

These contrast with the wide range of advanced digester designs aimed at handling liquid wastes
containing a high proportion of low MW substances in solution. These include contact systems (in
which the active biomass is removed from the effluent and recirculated); upflow anaerobic sludge
blanket (UASB) systems in which the liquid flows through a granular sludge which is retained in
the reactor by mechanical means; fixed film systems where the biomass is retained either on solid
supports or on small particles maintained in suspension as expanded or fluidised beds. However,
due to the very high conversion efficiency of soluble organic matter to biogas and the low
microbial biomass yields such systems have little relevance to organic fertiliser production, unless
the input has a high nitrogen content. In this case the effluent could be used as a nitrogen source
through irrigation, but high transport costs limits this to very local use.

3I923F oTuebaxo 3o uoT3onpoad

5,
[0}
0
)
n




3.2.5.

B NICAL CONCLUSIONS

Processing plant case studies

To produce significant amounts of biomass from crops fertilised with organic matter will require
large processing plant. Hence, small composting operations and farm scale activities are not
considered here. Of relevance are large plant treating wastes on a regional or collective basis.
Technical details of a number of plant are given in the appended material. In this summary section
the various options are indicated by the use of selected illustrations which cover both aerobic and
anaerobic processing of various feedstocks ranging from municipal solid waste, through source
selected material to specific types of agro-food waste and manures. In general these are from
commercial organisations or activities. However, not specific endorsement of a particular piece of
equipment or process design is given. In general composting has been used with residues of
higher lignocellulose content and as the end-treatment for mechanically sorted MSW, whilst
anaerobic digestion is favoured for manures, mixed agro-industrial waste and source-sorted
MSW. These illustrations (grouped in a series of coloured plates, together with descriptive text)
are to be found at the end of this section.

a.Composting

Agricultural residues and garden waste. These are the simplest to deal with as they contain
relatively little material which can cause pollution problems and may be shredded and windrowed
using relatively simple equipment. The main problems are long process times and low nutrient
levels which restrict initial microbial growth and results in a material of more value as a mulch or
soil improver than as a fertiliser. The rate of composting, degree of degradation and nutrient
content of the final product can be improved by addition of materials such as sewage sludge or
chicken manure. However, this may introduce problems of leachate, smells (ammonia), disease
transmission and heavy metals. Municipal solid waste. Plant may be large, odorous and
unpleasant to work in generating contaminated product of little value. Problems of this sort has led
to improvements in design and technique. However, for a plant taking mixed domestic and
commercial waste with no pre-sorting, the overall objective must be consolidation rather than
product/income generation. Where pre-sorted waste are available the product quality may be
better. However, if the feed material is largely putrescible the fraction of material remaining after
composting is small.

b. Anaerobic digestion

Anaerobic digestion of manures in large systems is now a viable proposition if the environmental
benefits are taken into consideration, and better still if (as in Denmark) the gas can be used in a
CHP system generating electricity and heat for domestic use. The level of gas production can be
increased by combining the treatment of manures with that of food wastes. Municipal solid waste
digestion of source sorted material is again a practical possibility. However, as indicated below
the level of some heavy metals may be a problem.
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Products (organic fertilisers)

In general the gross chemical composition of waste derived organic fertilisers will be similar.
However, marked differences will be found in the proportion of individual elements depending on
the sources of raw material and the process. In particular composting provides an oxidising
environment, whilst anaerobic digestion provides a reducing environment. This alters the
molecular state of some elements; sulphur and nitrogen in particular. Products will contain inert
mineral matter (sand, clay, etc), mineral nutrients (N,P,K trace elements), stabilised organic
material (humus), untouched metabolisable material, organic material resistant to biodegradation
(lignin and lignified fibres) and may contain low MW phytotoxic substances or seed germination
inhibitors.

Composition of products depends particularly on the feedstocks used. Some representative
values for products from various raw materials and processes are summarised in table A.12. The
main differences are in the level of nutrients on the one hand, and in the level of contamination by
heavy metals on the other as shown for a number of processes which cover composted waste
products, derived from agricultural residues, source-sorted garden wastes, MSW and processed
slaughter-house wastes as well as digestate from a number of different anaerobic digestion
systems accepting various inputs and inorganic (slow release) complexes obtained from chemical
treatment routes.

It should be noted that these figures often reflect the results of analysis carried out by standard
methods which have been adopted from those used in assessment of current commercial
fertilisers, in relation to legislative requirements or used for environmental evaluations.

The problems with such analysis is that these results may not be of direct relevance in evaluating
the value of the products as plant growth stimulators or evaluating their potential (negative) effect
on the environment. In particular since the early 1950s there has been a shift within the
commercial fertiliser industry to move towards fertilisers in which the major nutrients show high
water solubility making them rapidly available to crops. This contrasts with more traditional
fertilisers, as well as products generated from wastes and residues, which contain NP&K of tower
water solubility, better measured in terms of citrate solubility, which act as slow release agents.

In the same way methods based on strong acid digestion liberate heavy metais in a form in which
the absolute composition can be determined. However, these do not reflect the mobility of the
elements in the soil, or the extent to which they may be assimilated by growing plants.
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TECHNICAL CONCLUSIONS

CROPPING

Although this report is not concerned with the ramifications of energy cropping systems it is
necessary to consider the most likely crops which might benefit from organic fertilisation and any
characteristics which impact directly on the use of wastes in this way. These considerations
include aspects of plant physiology, nutritional requirements, husbandry techniques and cropping
cycles. For comparative purposes a number of reference species are selected to cover the
alternatives of bioethanol, biodiesel or power generation. These are:

Bioethanol
Sugar - north sugar beet
Sugar - south ) sweet sorghum
Starch - north wheat
Starch - south maize
Inulin artichoke

Lignocellulose - as for CHP

Biodiesel rapeseed

Bio-crude - as for CHP

CHP
Perennial grass Miscanthus
Arable coppice . Poplar, Willow
Short rotation forest Birch, Eucalyptus

The long term impact on the environment (soil in particular) when grown for maximum yield for
conventional agricultural crops should not differ significantly from those of the same crops grown
for food purposes. Such conventional agriculture, based on high levels of chemical input is of
course subject to criticism, reflecting environmental degradation associated with the destruction of
trees, hedgerows and natural drainage systems as fields became larger and larger to
accommodate large ground preparation, planting, spraying and harvesting machines. Fears have
been expressed that attempts to increase vyields still further (in order to reduce unit costs) will
cause further problems of erosion, contamination with pesticides and herbicides and pollution by
fertilisers.
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Arguments against this conclusion has been based on two aspects of cropping using novel plant
species. The first assumes that the amount of chemical pest control necessary will be reduced as
the species under consideration are (at present) free from pests and disease and thus require
fewer chemical inputs. Secondly it has been claimed that high yields can be achieved without the
same requirement for nutrients and/or water. These arguments may be correct for native
European species which have been cultivated in monoculture for generations and may be correct
for those plants which show an annual internal cycling of nutrients as is the case with some
rushes and reeds. It may be unrealistic to expect repeated monoculture of introduced species or
varieties to remain free from pests and disease in the long term. Certainly this has not happened
in any of the major food or commodity crops which were moved around the world as western
nations colonised various continents. In spite of breeding advances in pest resistance crops such
as sugar cane, maize, cotton, etc are amongst those receiving the highest levels of pesticides.

In the same way the continued use of perennial crops which recycle nutrients on a seasonal basis
depends on harvesting strategy. The crops should be harvested during the winter (senescent)
period. This may cause problems of access in wet regions. A further claim which has been made
considers that energy crops need lower levels of fertiliser. Again this is contrary to experience with
high yielding crops such as sugar cane and related grasses which have been developed as
energy crops. In general there is a proportionality between nutrient inputs and biomass yields.

In general energy crops, as with agricultural crops, will be produced on a cyclic basis which can
be summarised as land preparation, sowing or establishment, cultivation, harvesting and post-
harvest activities. This cycle may be measured in weeks, months or years. It interacts with the
cycle of the seasons and local climatic conditions in such a way as to restrict the time at which
waste-derived fertilisers may beneficially, or in some cases practically, applied as well as
determining the nature and extent of risks of erosion during periods of cultivation or exposure of
the soil to the ravages of climatic extremes. In the same way the removal of nutrients (and hence
the need for replacement) can be calculated on the basis of crop composition and crop yield. The
extent to which long term sustainability can be established using organic fertilisers has yet to be
established. It is conceivable that crops grown under organic conditions may be more resistant to
disease, as claimed for organic farming. It is also possible that novel fibre crops such as
Miscanthus may have advantages in this respect over other perennial sources of lignocellulose
such as coppiced willow and poplar, where fungal disease problems (rusts) have already limited
investment in some types of willows.
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LEGISLATION

At present all aspects of organic fertiliser production from realistic sources and long term
production of energy crops are heavily dependent on legislation (existing or pending). This
legislation which determines the economic framework within which biofuels become viable covers
four main areas of increasing specificity. These relate to the Common Agricultural Policy (CAP),
the environment including aspects of waste disposal, tax concessions for biofuels and specific
aspects of depositing polluted materials to land (mainly relating to heavy metals). In particular the
question of heavy metals is an area which requires harmonisation.

Reform of the CAP, as well as the need to meet pressures arising from GATT considerations are
resulting in falling prices (lower farmer incomes), reduced area of cultivation (set-aside), and
erosion of rural communities in general. Measures taken to combat these trends, as well as
regional funding, could favour the development of large energy plantations. This requires
legislation which provides some measure of support, and permits cropping cycles adapted to
energy crops, over time over guaranteed periods of time sufficient to attract long term investment.

Environmental aspects range from the global considerations of climate change and the
contribution that biofuels can make to reducing the reiease of carbon dioxide from fossil fuels.
Such benefits have to be seen as justification for proposed carbon tax, biofuel tax concessions,
electricity price support and so on, which enable biofuels to compete with fossil fuels in the short
term. At the same time more specific legislation relating to the quality of air and ground water has
to ensure that conversion plant (including combustion systems) can operate without the burden of
excessive costs associated with lowering emissions to an unrealistically low level.

At the same time proposed legislation on the recycling, reuse and processing of wastes, as well
as deposit of wastes to landfill and movement of wastes through the community, the disposal of
sludges and handling of manure need to be set in such a way as to encourage use of wastes in
the production of fertilisers through composting, anaerobic digestion or chemical interaction. In
general such legislation will encourage waste handling systems based on sorting and
environmentally favourable processes and increase the amount of green waste treated using
biological processes. In the same way legislation covering the burning of straw and similar
agricultural residues in the field will increase the availability of straw. However, in the short term
this could be a disincentive to purpose grown energy crop production since the need to dispose of
large quantities of straw will make this a preferred biomass fuel. Specific legislation aimed at the
waste treatment industries using biological conversion techniques, as well as that relating to
standards for organic fertilisers and the application of such materials to land have to be recognise
the different requirements of alternative markets and not generate unrealistic constraints to the
use in energy crop production.
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EXISTING OPTIONS

This section is restricted to the aspects of using waste as an organic fertiliser rather than aspects
of producing energy crops per se, which are covered by other assessment studies.

At present the option of using wastes to treat energy crops are limited by the fact that apart from
wood fuel no crops are grown purely for energy use in the EC. Although some primarily food
crops (wheat and rapeseed) have been grown specifically for energy use (bioethanol and
biodiesel) under the industrial set-aside scheme. However, since only two or three factories have
taken advantage of the lower (world) prices available under this scheme the impact is
insignificant. Hence, considerations have to be restricted to the use of manures and sludges in
farm and forestry activities on the one hand and processes for the treatment of wastes on the
other.

As far as disposal of manure and sewage sludge to land is concerned - it is established practice
throughout the Community. The mechanisms for storage, distribution, spraying, soil injection etc
are readily available to farmeyss from agricultural engineering stockists. These materials, as well as
some industrial effluents, from the agro-food industry in particular, are also regularly spread on
land - a task which may be performed on a contract basis, or by the water company or other
institution generating the waste. At present the amount of treatment of this waste may be limited
to the minimum required by National legislation and the prime motive in distribution may be
disposal, rather than the desire for nutrients. In fact changing legislation as well as increasing
concern for the environment has resulted in problems in disposal of both manures and sludges to
the land in some regions. Problems with sludges have increased for those countries who
previously disposed of sludge to the sea (eg UK) whilst the problems of manure disposal in the
Netherlands means that material is being dried and exported to France.

Some manure is composted on a local basis, whilst anaerobic digestion of farm manures in small
systems scaled to individual farms has failed to live up to expectations, based on the assumption
that such installations could be profitable from sale of energy. The history of such farm digesters
has been the subject of a series of reviews funded by the CEC and hence is not detailed here.
The opportunities for AD in larger systems has recently been reviewed in two projects funded by
the CEC as indicated below. Again this work is not repeated here.
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Studies:
1. Biogas plants in Europe, EUR 9096
2. Biogas - End use in the EC (1989) BM/84/B/&033/11/001/17
3. A database of biogas plants in Europe, supported by DG XVII (1990)

4. Determination of the most favourable European regions for energy use of animal
wastes (7030/E/90-6D)

5. Technology of centralised digestion of animal manure (14.1000/E/91-22)

The CEC has also supported a number of activities related to composting and recycling under DG
Xil and demonstration plant under DG XVII. However, at present no programme or project officer
exists to continue extensive and valuable previous activities which included:

ACTIVITIES ON WASTE RECYCLING AND COMPOSTING

CEC Project COST 68/681 1972-90
Treatment and use of sewage sludge and liquid agricultural slurries.
Reviews of activities and working parties:

Working party 1: Processing of organic sludges and liquid agricultural wastes.
Working party 2: Chemical contamination of sludges and soils
Working party 3. Hygienic aspects related to treatment and use of organic sludge and

sanitary aspect of spreading of slurries and manures.
Working party 4: Agricultural value of organic sludge and liquid agricultural wastes.
Working party 5: Environmental effects of organic sludge and liquid agricultural wastes.

Ref.: CEC (1992) Treatment and Use of Sewage sludge and liquid agricultural wastes: Review of
COST 68 programme. Ed. J.E. Hall, P. L'Ermite and P.J. Newman.

CEC Project : Research action programme on secondary raw material: (B) Recycling and
utilisation of wastes.

Area l: Sampling and analyses
Area |l Integrated recycling technologies
Area lll:  Integrated technologies for the utilisation of waste:
3.1 anaerobic digestion
3.2 composting
3.3 production of chemicals: biological and chemical treatments
3.4 thermal treatment of wastes

Area |lV:  Animal feed production
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Project THERMIE of DG XVII 1978-

a financial support programme for energy demonstration projects in areas of energy saving,
renewable sources of energy and solid fuels which has become a key component in the
Community energy policy. A demonstration project consists of the development of a new
technology or new application of known technology.

Composting Energy Demonstration projects:
Kalamata (Greece) T/y 26000
Holstebro (Denmark) T/y 2360

Petange (Luxemb) T/v 1350
Anglet (France) T/y 3700
Pistoia (ltaly) T/y 30000
Faenza (ltaly) T/y 30000.

One of the last activities was the organisation of a two-day workshop in France, the proceeding of
which are available as:

Composting and compost quality assurance criteria, edited by D V Jackson, J-M Merillot and
P I'Hermite, 1992, EUR 14254 EN.

Composting of municipal waste, following separation by mechanical means, or using fractions
from various collection systems is gaining popularity as a waste treatment system, especially in
Germany, with a significant number of plant elsewhere - including France, Italy and Denmark. In
the UK interest in composting garden and amenity waste is increasing. Effective systems exist as
far as waste treatment is concerned. However, limitations exist associated with the quality of the
products. As a result some waste composting plant have stock-piled product, or still send the
consolidated material to landfill. In other cases the poor financial return (less than assumed from
sale of the product) has led to economic failure and plant closure.

A number of companies produce high quality composted products from agricultural wastes and/or
manure for sale to the horticultural industry and home gardeners. In addition bark, wood chips,
hop resides and similar products are sold for landscaping and home use. In some countries such
as the UK there is a growing market for peat substitutes. Traditional anaerobic digestion of dilute
slurries did not produce solid products. However, the use of increasing solids content has created
a new product, a solid digestate. A number of companies are now selling products from the
anaerobic digestion of manures and similar products have been derived from AD of municipal
wastes at pilot scale in Belgium and from a commercial scale plant (Valorga) in France.

A number of other similar waste treatment plant have been built or are planned. In some cases
the solid product is subject to a further aerobic treatment in order to prevent further gas evolution
and oxidise some intermediates. Digestate from some large biogas installations, such as
constructed in Denmark, are returned to the fields by the farms involved or may be sold to farms
or small holdings which are predominantly arable.
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As a result of concern about animal processing wastes, disposal of fallen stock and disease
transmission linked to increasing consumer demand for poultry which has not been fed ‘animal
protein' when used in the tradition way recycled as feed, such practices have been restricted by
law. Disposal of animal wastes has thus become a problem which is increasingly being addressed
by anaerobic digestion or composting, with or without pre-treatment which may include devouring
by maggots.

Such processes generate large amounts of ammonia and represent a potential source of nitrogen
fertiliser which is only just beginning to be realised. At the same time animal processing waste
represent the major source of traditional organic fertilisers, when sold as fish meal, hoof and horn,
bone meal or dried blood. However, the cost of such products restrict their use to the organic
produce or home garden markets.

Siudges are disposed of on forested land as well as farm land. Some trials have been carried out
using such materials on potential energy forest species (poplar and willow).

A number of chemical and physical treatments have been developed to varying degrees of
technical and commercial realisation with the objective of decreasing the bulk volume of manures
and sludges whilst pilot work has been carried out on chemical immobilisation of potential
pollutants of ground water (N and P), by conversion into slow release fertiliser formulations.

Trials have been carried out on using waste derived materials as fertilisers in respect of plant
performance and yield as well as uptake of heavy metals and other pollutants. Considerable
experience on plant production using organic fertilisers exists from the various types (organic,
conservation, biodynamic, etc) of non-chemical farm and horticultural systems producing 'organic'
food such as organic farm.

Long term production data is available from experience in high yielding growing plantation crops
such as sugar cane. This plant is related to the types of high yield grass species (sorghum,
Miscanthus) which might be grown in Europe. In the same way experience of coppicing broad leaf
species exists throughout Europe where such procedures have been used for fuel, fencing, pulp,
etc.
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ASSESSMENT oF POSSIBILITIES

The potential for using waste derived fertilisers will largely depend on legislation as indicated
below. However, apart from these considerations there are specific technical, economic and
logistical aspects. If it is assumed that National Governments introduce legislation with the
objective of meeting ambitious targets set in the packaging Directives, whilst landfilling of green
wastes is discouraged in order to decrease problems from gas production and leachate migration
and/or the costs of complying with legislation covering containment of landfill sites and limits on
gaseous emissions - then large volumes of green waste will be composted and/or digested
anaerobically.

Although widespread production of such waste-derived materials is technically possible, utilisation
as fertilisers is more problematic. This is an area which requires harmonisation of objectives as
well as greater coordination and more imaginative thinking between national ministries,
departments or agencies. In particular the classification of a particular processing fraction as a
waste and the non-acceptance of the concept of a by-product may prevent the use of beneficial
compounds in this way. Classification as a waste by environmental bodies may prevent the
acceptance of the resultant material as an agricultural input or require disposal through a licensed
waste contractor - irrespective of the actual chemical composition and/or pollution potential.

The reason for this is that the nature of the wastes make recycling impracticable, whilst their high
moisture content means that they cannot be burnt as part of an integrated energy recovery
system, although they can be used to recover energy through anaerobic digestion. The result will
be the production of large amounts of composted material or solid digestate, which will then have
to be disposed of. In the same way ground water regulations and concern about nitrate and
phosphate is placing restrictions on conventional land disposal of sludges. These concerns
extend to heavy metal contamination.

The technical ability to compost or anaerobically treat such materials to produce a more valuable
organic fertiliser will depend on the quality of the inputs. These can be improved by adopting
practices of animal feed supplementation and manufacturing processes and materials which
contain or use lower concentrations of heavy metals. The revolution in petrol additives, with the
removal of tetra ethyl lead and its replacement by MTBE, show that such action can be taken and
put into effect rapidly if the desire is there. In the same way methods exist for the chemical
treatment of sludges, manures and other wastes which will immobilise the potential pollutants,
generating slow release products.

In many regions considerable improvements have been brought about through restricting the
metal content of effluents discharged from electroplating factories, tanneries, etc. However, many
every day house hold items contribute significantly to heavy metals in waste, whilst copper and
lead water pipes as well as the use of plated or stainless steel utensils contribute to heavy metals
in domestic sewage. Wider use of plastics as well as adoption of materials and processes with
less reliance or contamination with heavy metals would make the production of clean organic
fertilisers quite possible.
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If these measures are adopted, then the use in energy plantations will follow the normal economic
pressures of supply and demand as well as cost-benefit. These considerations can be divided into
aspects of competitive use and economic value. Competitive use of composted wastes can be
divided into two sections. These are first the use of the material as a growth medium, soil
conditioner or ground cover and second alternatives not related to plant growth. If biological
treatment of wastes becomes widespread, whilst quality standards for organic materials used in
the farm, horticultural and home markets become more stringent, then a large excess of materials
of lower quality, far greater than required by the top end of the compost market, can be
anticipated. It is probable that disposal of the surplus material will become more of a problem than
lack of supply. This would parallel the current situation where problems exist in disposing of some
sludges, manures and composted MSW. Since the ultimate problem may be one of disposal in
theory, if disposal to land was the only option, then it could be assumed that the material would
have a negative value (cost of disposal), with distribution on a global basis limited by transport
costs.

However, this is not the case since biological processing, linked to mechanical and/or chemical
treatment can generate organic material with a low water content. These materials are
combustible and will have a calorific value (lower heating value) of around 18 KJ per Kg of volatile
organic matter. The actual value will be equivalent to the total weight minus the weight of moisture
and ash and can be anticipated as between 7 and 12 KJ per Kg. This is comparable with moist
bagasse from sorghum processing, coppiced willow or poplar and other energy crops. Hence,
composted organic wastes could be combusted or gasified in the same plant as used for energy
generation. The question of end use then becomes one of economics, with the value as fuel
compared with the value as fertiliser. The fertiliser value in terms of mineral nutrition can be
calculated on the basis of the value of the N and soluble PK content. In many waste derived
products (from straw, bark, wood, garden wastes, paper pulping, etc) the level of nutrients is very
low so these materials have value only as mulch or soil conditioner. The benefits of adding such
materials to the crop has then to be compared with the benefit from incorporating residues in the
field, which avoids the transport and processing costs.

The value as fuel can be based on comparison either with fossil fuels, or with the cost of
generating the energy crops themselves. Mixed feedstock plant combusting natural gas, as well
as the organic fraction of MSW, straw and wood chips have already been built in Denmark, whilst
trials have been carried out on gasification of both composted agricultural wastes and de-watered
sewage sludges. In contrast some manures and sludges contain much higher levels of nutrients
and as a consequence also a much higher ash level and may contain volatile heavy metals which
cause concern as far as gaseous emissions are concerned, or increase the cost of waste gas
scrubbing. Even where scrubbers are used this just transfers the problem to one of disposal of the
concentrated heavy metal residue - as seen already with some waste incineration plant.

Hence, it would appear that the greatest future potential lies in the use of energy cropping
systems as a means of disposing of biologically or chemically treated organic wastes which for
reasons of quality cannot be used in the higher value markets associated with growing plants and
are not suitable or cost-effective to use as fuels.
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DETAILED DATA

The detailed data arising from this survey is appended. The contents are divided as follows.
INTRODUCTION

A.1. SOILS

A.2. WASTES AND WASTE PROCESSING

A.3. CROPS

A.4. NON TECHNICAL CONSIDERATIONS
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IDENTIPFIED NEEDS

Nomenclature. There is a clear need for generally accepted definitions of what is meant by
organic fertilisers, composts, soii conditioners etc. Note should be taken of the activities of the
ISO, CEN and requirements of various alternative agricultural organisations (organic,
conservation, biodynamic, etc) as well as manufacturers and suppliers of such products in
compiling acceptable definitions.

Labelling. This should be consistent with nomenclature as agreed in point 1. 1t should obviously
be designed to protect the user and the environment. However, at the same time there is a need
not to prevent various materials being used where there is economic justification, or working
necessity to dispose of a waste through this route. Quality shouild be linked with end use and the
extent to which the use entails contact with people and take into account the objective of using the
crop only as a source of energy.

Monitoring and analysis. The establishment of standards and enforcement of statutory
requirements depends on adequate methods of sampling and analysis, including statistical
methods. There is a need to establish an onus on the suppliers of raw materials for composting or
digestion (such as siudges and manures) provide a detailed analysis of heavy metal levels in
particular.

Environmental impact. There is a need for more information on the production of nitrates and
leaching of nutrients from organic fertilisers as well as the extent to which true slow release
fertilisers can be made by combining inorganic constituents with organic composts. Factors
affecting the rate of mineralisation of organic nitrogen compounds to nitrogen gas by microbial
activity under field conditions require investigation, as does the general build-up of rhizosphere
organisms in prolonged cultivations, fertilised using organic inputs.

Waste treatment. There is a need to establish quality norms for organic fertilisers produced from
sludges and solid wastes as well as methods for implementing separation and collection systems
which reduce the level of contamination by heavy metals and organic chemicais.

Agricultural residues. The technology of composting of low nitrogen residues requires
investigation, in relation to speeding up the process, acceptable low cost nitrogen sources,
stability and production of phytotoxins.

Quality. The quality of a compost or organic fertiliser is difficult to define. This can be done by
bioassay, standard procedures are needed. The question of stability and maturity needs
investigation in relation to final end use.

Product definition. There is a need to investigate the quality and properties of organic fertilisers
and soil conditioners which are produced through a non-aerobic stage at some point; eg
anaerobic digestion, the need for and effect of subsequent aerobic treatment and in particular the
level and form in which nitrogen is retained or lost in such procedures.



IDENTIFIED NEEDS

Product standards. These require agreement, harmonisation and a realistic approach to sampling
and reporting. The concept that every type of compost, from all raw materials and sources should
go through exhaustive tests and reporting is impractical and costly. At the same time the
purchaser of a compost or organic fertiliser has a right to know what they are buying and any risks
of contamination or disease transmission.

Bulk reduction. Cost and energy efficient systems of reducing the bulk (and hence transport costs)
of organic fertilisers, whilst retaining (or enhancing) the fertiliser value are required.

Legislative framework. Distinctions are required between regulations and standards relating to
the production of plant growth media for home and horticultural purposes, application to farm land
for production of food crops or areas where animals are grazed, and those covering applications
related to the production of energy crops. Such distinction requires establishment of a suitable
monitoring programme, which may be used to periodically reevaluate limits set.
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PROPOSAL

It is suggested that there is a need for an integrated activity in this area, coordinated with the
support of the CEC. This could take the form of a European agency for Organic solid waste. This
should follow and interact with any activity of the various Member States in the field solid waste
management and in particular consider:

1. Research and Development on new technologies and processes
2. Construction of pilot plants

3. Constitution of a data bank on processes, technologies, analyses, standard
specifications, limits, waste production and disposal methods.

In addition it should:

1. Provide support to public administrations and local institutions to help solve different
problems connected with the realisation of cost-effective waste treatment and disposal
plants, ensuring full possibilities of generating environmental benefits are achieved,
rather than making waste disappear as the main objective.

2. Be consulted in relation to proposal for new guidelines and legislation.
3. Provide educational programmes, organise seminars, etc

4. Distribute reliable information to the various Member States.
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