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The role of Biodegradable Waste
Management in the fight against
Desertification and Greenhouse effect

(Rosanna Laraia, ANPA)

Waste generation is becoming a very important problem due to the improvement of the
economic conditions, the rapid growing of industry and the growth of population and urban
areas.

Differentiation of productive processes has caused diversification of waste typologies with great
environmental consequences.

The growing amount of waste is the cause of reduction of resources, and its quality, in terms of
hazardous content, the cause of environmental problems during management phase.

More attention should be paid to waste prevention and minimisation practises accordingly to

Community Waste Strategy, which sets out a hierarchy of actions giving preference to waste-

management options of minimisation, then reuse, material recycling cng energy recovery and

last sq%e disposal.

The challenge of decreasing waste quantities cannot be solved only by means of efficient waste

management and recycling. There is an urgent need for a sustainable waste management

where waste prevention, reduction of resources depletion, energy consumption and

minimisation of emissions at the source should be given high priority. Waste must be handled

as a part of the total material flow.

Integrated waste management strategy should be based on the principles that preventive

actions should be taken:

- reduction of production and use of hazardous substance

- recovery, re-use and recycling must be preferred to energy recovery also by improving waste
collection and source separation

- landfilling should be allowed only for non-recyclable treated materials

Various health and environmental problems linked to the current management of waste could
be reduced by diverting waste away from landfills and incinerators thus preventing and
minimising the environmental impacts of waste treatment and disposal.

Composting in integrated waste management

Composting of separately collected biodegradable waste seems to be advantageous in
countries where soils have become very poor in organic matter.

Recycling biodegradable waste is a priority set out by ltalian law 22/97 in terms of separate
collection targets: 15% in weight of total municipal waste in 1999, 25% in 2001 and 35% in
2003.

Although source separation of organic waste is not compulsory, it is necessary in order to reach
the medium-term recycling targets of 35%.

Separation at source is becoming the important part of waste management system, yielding
high recycling rates on the account of the high - quality separately collected fractions.
Composting of biodegradable waste with a low content of impurities is more likely to meet
compost standards according to Italian law 748/84 on fertilisers and be suitable for sale and
use with environmental bene?its.

Today agriculture is oriented to high quality compost deriving from separately collected
biodegradable waste while there is no interest in agriculture for compost from mixed solid
waste.

Compost derived from mixed municipal waste has to be land applied keeping a control on soil
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quality before and after use. This kind of compost could be used in land reclamation projects.
Legislation can play an important role to emphasise the recovery of organic fraction of
municipal waste. Existing legislation on quality compost should be integrated with rules on low
quality compost that guarantee both reoﬂ new markets for this kind of material and high level
protection for the environment.

It has been estimated by ANPA that the amount of compost derivin? from the maximum
collection rate of biowaste (about 100 kg per capita, equal to 2,4 million tons of compost)
would fulfil only 1.2% of the needs for organic matter in national agriculture.
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Fig. 1: Selected municipal waste (variation 1998/1999)

A study by Veneto Region, published in 1997, evaluate ltalian needs of compost at 15 million
tons/year.

Separate collection of biodegradable waste in Italy

In ltaly municipal waste generation amounted to 28.36 million tons in 1999 corresponding to
a per capita generation of 491.75 kilos. The 13,08% of total waste generated, about 3,7
miﬁion tons (+1.9% with respect to 1998), have been separately collected (Rapporto Rifiuti
2001 - ANPA-ONR).

Northern ltaly’s results show more efficiency in separate collection practices in comparison to
Central and Southern regions: Lombardia, with 33,3% separate collection, has exceeded the
2001 target fixed by Law 22/97 (25%) and is near to the 2003 target (35%), Veneto with
23,9% has exceeded the 1999 target (15%) and is very near to the 2001 target (25%),
Trentino-Alto Adige with 19,12% Emilia Romagna with 19,1%, Toscana with 16,8% Friuli
Venezia Giulia with 16,1%, and Piemonte with 14,96 have fulfilled the 1999 target (15%).
The separate collection in Southern regions, with the exception of Basilicata (2,25%) Puglia
(3,7%) and Abruzzo (4,31%), is lower than 2%.

In order to reach the high collection target, source separation of biodegradable waste is
needed; with respect to 1997, in 1999 separately collected biodegradable waste increased




by 52%.
Tﬁ/is trend is confirmed for 2000.
State of art of composting in ltaly

In ltaly, the number of composting facilities for mixed waste increased from 30 in 1997 to 41
in 1999 while treated waste quantities increased from 1,6 million tons to 2,2 million tons
(+34,5%) (Rapporto Rifiuti 2001 - ANPA-ONR).

As regards selected biodegradable waste, treated quantities rose from 900.000 tons in 1997
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to 1.36 million tons in 1999. The numbers of facilities was 137 in 1999 against 85 in 1997.
The total composting capacity in 1999 amounted to 2.175.155 tons.

Desertification and reduction of greenhouse emission: the role of compost

The role of composting in the integrated waste management is to reduce the amount of

municipal waste requiring disposal (by almost one fourth) and to provide a nutrient-rich soil

amendment. Indeed the use oﬂo compost on land improves soil structure, texture, aeration, and

water refention and contributes to erosion control, soil fertility, proper pH balance, and

healthy root development in plants.

Desertification is a real problem due to climate changes, human pressure, physical, chemical

and biological degradation affecting the soils.

Intensive humus-consuming crops, use of mineral fertiliser rich in phosphorous, nitrogen and

potassium make soils hungry for organic matter and create a fqvourqbi)e situation to ?ccilitote

the erosion process.

Desertification could be caused by deforestation and by salinisation linked to incorrect

irrigation in dry regions.

The Rio Conference believed desertification to be one of the priority problems. In 1994 in Paris

the United Nations adopted a Convention to fight desertification (INCD).

In rglcen’r years ltaly, according to such a Convention, issued specific guidelines to solve this
roblem.

IF; ltaly there are a lot of areas that have been deforested (Sicilia, Sardegna, Calabria,

Basilicata) and other that have adopted intensive crops (Pianura Padanal), thus resulting in a

high desertification rate.

It is estimated that 27% of the ltalian territory is vulnerable to desertification and 69% is

estimated to have moderate risk.
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The degradation of soils is due to the loss of organic matter. Organic matter means fertility,
permeability and stable structure of soil.

In order to counteract the depletion of organic matter in the soil, the use of compost to restore
fertility and improve the growth of crops should be promoted by means of financial and
economic tools.

The Kyoto Protocol, adopted by many countries meeting in Japan in 1997, dimed at
significantly reducing greenhouse gas emissions. If ratified by enough countries, the treaty
would commit the deve%oped countries, including the United States, to reduce their emissions
of six greenhouse gases on average of five percent below 1990 levels during a five-year
period beginning in 2008.

The main agents of global warming, making a distinction between a natural and an
anthropogenic greenhouse effect, are carbon dioxide (CO,), methane (CH,), nitrous oxide
(N,O) and halogenated chlorofluorocarbons (CFCs), SF,, hydrofluorocarbons (HCF).
Landfilling organic waste produces methane. Indeed landfilled materials degrade very slowly
due to the lack of oxygen. As it decomposes, it produces methane gas and acid leachate,
which are both environmental problems. In 1997, in ltaly 44% of methane emissions derived
from waste treatment and disposal (mainly due to |c1nc|ﬁﬁ and sludge treatment); in 1990, in
the EU, waste disposal is responsible for 32% methane global emissions. On this account,
landfill directive 99/31/EC establishes that waste has to be properly treated prior to landfill.
The Protocol of Kyoto adopted measures for CO, reduction in agriculture.

Climate conditions combined with incorrect agricultural practices deplete organic matter and
accelerate mineralisation of soils.

In this sense, the use of compost on soil could compensate for the loss of organic matter
resulting from mineralisation.

Compost is an organic matter with a slow release of carbon; it has been estimated that
increasing organic carbon by 0.15% in ltalian soils would be equivalent to fixing a CO,
quantity equal to the total national emissions due to fossil fuel combustion over one year.'
Compost is an efficient tool to reduce CO, emissions and to fix carbon in the soil in the form
of humic substances, thus restoring fertility and allowing the assimilation of CO, through the
increasing of green or vegetable production.
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The role of biodegradable waste
management for improving soil quality
in the Community

(Luca Marmo, Sustainable Resources Unit, DG Environment,
European Commission*)

Introduction

It is interesting to note that the issues of soil and soil protection, although are present in many
pieces of Community legislation, are very seldom focused upon and dealt with in their own
right. If we take for example the Fifth Environmental Action Programme (1993 — 2000), we will
not find a specific chapter on soil. Of course, many of the targets of the programme have a
bearing on soil and soil eco-systems one way or the other. However, they do so in an indirect
manner. This is partly due to the fact that Article 175 of the EC Treaty requires unanimity for
“measures concerning fown and country planning” as well as for “land use”, which in practice
has meant that soil-related issues have been regarded as a local matter in the context of sub-
sidiarity. In part it is also due to the fact that soil is a much more difficult medium than air or
water to characterise, and soil distress takes a long time to show its negative effects.

The situation is beginning to change with the Sixth Environmental Action Programme?” which
dedicates an entire section fo the issue of soil protection and proposes the elaboration of a the-
matic strategy on soil protection for the Community.

The impact of human activities on soil

Unlike air, water, and biota, which are mobile systems, soil is site-specific, although more sta-
ble than the other three systems, it shows great geographical and temporal variability. Soil has
at list six main functions relevant to human life’:

e The production of biomass by agriculture and forestry;

e Filtering, buffering and trcns?:)rmction activity, between the atmosphere, ground water, and
the plant cover, protecting the environment (and especially humans) through the protection
of the food chain and drinking water reserves;

* Soils are biological habitats and gene reserves, much larger in quantity and in quality than
all the mass above ground;

* Soils serve as a spatial base for technical, industrial and socio-economic structures and their
development, e.g. for the construction of industrial premises, houses, transport systems,
sport and recreation areas, dumping of refuse, amongst other uses;

e Soils are used as a source of raw materials, e.g. clay, sand and gravel for construction, and
also as a reserve of water and energy;

e Finally, soils are a geogenic and cultural heritage, forming an essential part of the land-
scape in which wesfive and containing palaeontological and archaeological treasures of
higﬁ value for the understanding of the history of earth and mankind.

The problems of soil degradation and destruction are caused by the competition between these

different forms of land use. Therefore, new perceptions and concepts for sustainable land use

should be developed, which are in conformity with the constraints of nature. In this context, sus-
tainable land use and protection of soil can be defined as the spatial (local or regional) and
temporal harmonisation of all main uses of soil and land, so as to minimise irreversible effects.

This is a political rather than a scientific issue.

Soil is affected by physical, chemical and biological degradation caused by human activities

(*) The opinions expressed in this paper are of the author and do not represent in any way European Commission

? European Commission, Communication from the Commission on the sixth environment action programme of the European
Community “Environment 2010: Our future, Our choice”, COM(2001) 31 final of 24.1.2001.

L Montanarella, Soil at the interface between agriculfure and environment, in ”Agricu|fure, environment, rural deve|opment
— Facts and figures — A challenge for agriculture”, DG AGRI/ ENV/ Eurostat, European Commission, 1999.
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such as agriculture, urban development, industrial production, road construction, and, more
generally, demographic pressure and climate change.

Waste and soil - why are they linked?

Waste when it is not recycled represents an enormous loss of resources both in the form of ma-
terial and energy. Waste generation is increasing in the EU and amounted to about 3.5 tonnes
of solid waste per person in 1995 (excluding agricultural waste), mainly from manufacturing,
construction & demolition and mining, for a total of 1.3 billion tonnes.
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Figure 1: Waste generation in the EU15+3 in 1995 by sector*

An increased awareness of the drawbacks on the environment of waste mismanagement led
the Community to adopt a Waste Management Strategy in 1989°. The strategy set out four
strategic guidelines listed in order of priority (the so-called waste hierarchy): prevention, re-use
and recycling, optimisation of disposal as well as regulation of transport onqste. The main
strategic guidelines were maintained in the 1996 review of the Community Strategy®, adding
that preference should in general be given to the recovery of material over energy recovery.
Three pieces of legislation constitute the backbone of the Community waste management pori/-
cy: the Waste Framework Directive 75/442/EEC’, the Hazardous Waste Directive
91/689/EEC’ and the Waste Shipment Regulation (ECC) 259/93°.

Article 4 of the Waste Framework Directive states that waste is to be recovered or disposed of
without endangering human health and without using processes or methods, which could harm
the environment; in particular, without risk of harm to water, air, soil, plants and animals and
without adversely aFI{?ecting the countryside or places of special interest. Specific pieces of leg-
islation take care of the particular aspects of given waste management sectors such as the use

“ European Environment Agency, Environment in the European Union at the turn of the century, Environmental assessment
report No. 2, 1999.

5 European Commission, Communication from the Commission to the Council and to the European Parliament on a
Community strategy for waste management, SEC(89) 934 final of 18.09.89.

¢ European Commission, Communication from the Commission on the review of the Community Strategy for Waste
Management, COM(96) 399 final of 30.7.1996.

7 Council Directive 75/442/EEC of 15 July 1975 on waste (OJ L 194, 25.7.1975, p. 39) as amended by Council Directive
91/156/EEC of 18 March 1991 (OJ L 78, 26.3.1991, p. 32) and Commission Decision 96/350/EC of 24 May 1996
adapting Annexes lIA and 11B to Council Directive 75/442/EEC on waste (OJ L 135, 6.6.1996, p. 32).

¢ Council Directive 91/689/EEC of 12 December 1991 on hazardous waste (OJ L 377, 31.12.1991, p. 20).

? Council Regulation (EEC) No 259/93 of 1 February 1993 on the supervision and control of shipments of waste within, in-
to and out of the European Community (OJ L 30, 6.2.1993, p. 1).




of sewage slud?e in agriculture and landfill of municipal waste. This |e§1is|q’rion lays down spe-

cific measures for the protection of soil when waste is spread onto or dumped on land.

It is clear that the vast majority of waste ends up, one way or the other, on the soil either di-
rectly (through spreading of sewage sludge or animal manure, or landfilling) or indirectly (as
in the case o% incineration where the pollutants emitted during the combustion process are sub-
sequently deposited on the soil or the bottom ash is used in road construction). It is therefore of
the utmost importance that waste legislation takes complete care of the aspects pertaining to
soil protection when setting down ru?es for the management of waste.

Landfill of waste

Although the Community Strategy for Waste Management 1996 calls for waste avoidance and
its diminution at source, the quantity of waste produced per capita in the Community is in-
creasing. On average, 65% o? municipal waste is still landfilled, despite this option having the
lowest ranking in the waste hierarchy. In several Member States this percentage exceeds 80%.
Of the approximately 190 million tonnes of municipal waste generated in the EU in 1995 (i.e.
400 kg per capita), around 30% is composed of biodegradable and highly putrescible wastes
such as food scraps, cuttings from parks and green waste from gardens.

A landfill presents many environmental problems. The most important include emissions of haz-
ardous suEstonces to soil and ground water, emissions of methane info the atmosphere (impact
on climate change), dust, noise, explosion risks as well as deterioration of land use and qual-
irK (including loss of natural areas).

These dangers, amongst other factors, are the drive behind the recently adopted Landfill Di-
rective 1999/31/EC which aims at ensuring that landfills are properly managed during their
active lifetime and properly monitored when they are filled up.

The provisions contained in the Directive are based on the principle of classification of landfills
according to the types of waste - hazardous, non-hqzqrjéus and inert waste - accepted by
them. This classification is coupled with procedures for issuing waste acceptance permits, for
control and monitoring in the operational phase and for |ondﬁ|| closure; these procedures are
also the subject of provisions to be implemented by the competent national outﬁori’ries.

One of the main innovations of the Directive refers to the introduction of a quantified reduction
strategy for the landfilling of biodegradable municipal waste. The volume of this type of waste
accepted for landfill must be reduced to 65%, 50% and 35% of the tonnage produced in 1995
by 2005, 2009 and 2016 respectively. This rate of reduction should encourage the develop-
ment of new methods of eliminating waste — such as composting, production of biogas etc.

Sewage sludge

Soil protection is the main goal of the Sewage Sludge Directive 86/278/EEC' on the protec-
tion of the environment, and in particular the soil, when sewage sludge is used in agriculture.
Sewage sludge is a by-product of the cleaning process of waste waters. It can be contaminat-
ed by heavy metals whose build-up in soil can damage soil functions, in particular the micro-
organisms that live in the soil. Some 6.5 million tonnes of sludge (dry matter) are produced
every year in the Community. It is estimated that by 2005 there will be a 40% increase in the
total quantity due to the progressive implementation of Directive 91/271/EEC concerning ur-
ban waste water.

Topsoil is of crucial importance for the well being of soil micro-organisms, plants and animals.

1° Council Directive 86/278/EEC of 12 June 1986 on the protection of the environment, and in particular the soil, when
sewage sludge is used in agriculture (OJ L 181, 4.7.1986, p. 6).
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Some heavy metals may have the effect of impairing the natural mechanisms through which
soil microbes reproduce and therefore depleting the bio-potential of the soil eco-system. More-
over, if the concentration is high enough, heavy metals can overcome the natural cell barrier
in plant roots and end up in the edible part of vegetables. Some heavy metals (notably cadmi-
um) would then qccumur;’re in organs of animals and man and cause poisoning effects.

The Sewage Sludge Directive establishes the principle that as a rule sewage s|ud%e ought to be
treated before its use. Treated sludge is defined as sludge which has undergone biological,
chemical or heat treatment, long-term storage or any other appropriate process so as to sig-
nificantly reduce its fermentability and the health hazards resulting from its use. An exception
to this general rule may be allowed by Member States on condition that the untreated raw
sludge is injected or worked into the soil.
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Figure 2: Sludge projections in the EU (1984-2005)"

The Directive provides for maximum heavy metal concentrations in sewage sludge for re-use in
agriculture as well as for maximum heavy metals concentrations in soil. The aim is to avoid the
possibility of spreading of sludge on the same agricultural plot increasing heavy metal con-
centrations to such a level that could potentially cause adverse effects on the so\i?/eco-system.
However, it should be noted that with present loading limits it could be foreseen that maximum
concentrations would be easily reached within a few decades. If we want to keep open the pos-
sibility of re-using sewage sludge on agricultural soil, it seems vitally important that we reduce
the overall pollution caused by%equ metals — and organic compounds — in waste water. This
means that products and materials of everyday use along with industrial processes need to be
progressiver; upgraded in order to reduce their load in polluting substances.

The Commission has in its work programme the revision of Directive 86/278/EEC in order to
bring it up to date with technological progress and scientific knowledge. Some of the areas that
could possibly be tackled are the deEnition of “treated sludge”, the threshold limits for heavy
metals — the vast majority of Member States have transposed the Directive into national legis-

"' European Commission, Implementation of Council Directive 91/271/EEC of 21 May 1991 concerning urban waste wa-
ter treatment, as amended by Commission Directive 98/15/EC of 27 February 1998 — Summary of the measures imple-
mented by the Member States and assessment of the information received pursuant to Articles 17 and 13 of the directive,

COM (1998) 775 final of 15.1.1999.



lation with more stringent limits — the monitoring of organic compounds of anthropogenic ori-
gin, the long-term protection of soils from the slow build-up of heavy metals.

Mining activities

Minerals are extracted from heaps of ore by pouring chemical or biological reagents over them.
In the case of chemical leaching an acid or cycmic?e solution is commonly used (especially on
ores containing gold or copper). In the case of microbial leaching bacteria (or algae) are used
to extract minerals such as uranium, molybdenum, radium, selenium or lead from ore heaps
or mine waters.

Tailings (or tails), the solid material left over from the ore milling process, may be stored or dis-
posec?of in a variety of ways: dumped at the mine/mill site or in specially constructed tailing
ponds. The water and tailing waste from the mining and milling operations are discharged in-
to settlement and treatment lagoons, termed “tailing ponds”. Here, the fine particles can settle
and organic reagents from the milling process coniiobgica”y decompose.

Mining activities have a wide range of environmental impacts at every stage of their opera-
tions. Management of tailings is one of the most significant environmental aspects of mining
operations. Failure to achieve suitable tailing containment can have serious acf/erse effects on
soil due to the contamination from treatment residues and the chemicals used in the extraction
process. They can be a source of both acute pollution, realising large, often concentrated
amounts in a short time (due to accidents) as well as diffuse pollution, a rather constant emis-
sion of relatively low concentrations during a long time.

As an example of what can happen to a tailing pond, the so-called Dofiana accident™ is
sober lesson. The accident happened on 25 April 1998 at the lead-zinc mine of Los Frailes at
Aznalcéllar near Seville (Spain). A tailings dam failure released 4-5 million cubic metres of tox-
ic tailing slurries and liquid into nearby Rio Agrio, a tributary to Rio Guadiamar. The slurry
wave covered several thousand hectares of farmland, and it continues to threaten the Dofiana
National Park, a UN World Heritage Area. Since 1999 the Environmental Ministry of An-
dalusia has knowledge of new high acidity and metal concentrations in the water of the Gua-
diamar river near the Los Frailes mine. The subsoil of the dam is contaminated as a result of
the dam failure, and the contaminated seepage flows into the channel of the Guadiamar at the
rate of 86,400 litres of acidic water per day.

At present, a statistical overview of all mining activities at European level does not exist. Some
data are available from Eurostat, according to which some 18%, i.e. 300 million tonnes, of the
total 1.3 billion tonnes of solid waste (agricultural waste excluded) generated in the EU15+3 in
1995 were mining waste. A study is currently being carried out on behalf of the Commission’s
services in order to find out to what extent it is common practice fo use tailing ponds to dispose
of the mining waste. Another important issue is the numEer of disused tailing ponds as a result
of decommissioning of the mine. In a certain number of Member States this number could be
rather large and cause serious problems on the environment due to lack of monitoring and care.

Waste used for construction purposes

Waste used for construction purposes can be a threat to the quality of soil. An example could
be the use of incineration slag as a road material. Based on available information the total
amount of slag is estimated tosf)e between 6 and 9 million tonnes per year in EEA countries. In
a number of countries the slag is recycled and used for road construction, embankments and

2 A very good description of what happened and an update on the situation can be found in the following web site:
http:/ /antenna.apc.org/~wise/uranium/mdaflf.html.



noise barriers as well as for concrete production. When analysing the chemical composition of
incinerator slag a major concern is the heavy metals content which is in many cases consider-
ably higher than the concentrations occurring naturally in soil. This means that in many cases
the use of slag for construction purposes may in the long term lead to contamination of sur-
rounding areas with dust containing heavy metals if the surface is not sealed.

The relationship between biodegradable waste and soil

In 1998 something like 200 million tonnes of municipal solid waste (MSW) were produced in
the Community'’. Roughly speaking more than half of it was biodegradable waste. Because of
its huge volume and the negative effects it causes when landfilled, biodegradable waste has
been given special attention in the Landfill Directive 1999/31/EC. However, if properly man-
aged this waste stream may contribute towards the reduction of methane emissions and pro-
vide a step forward in terms of effective resource management.

In pcrticur::r:

* biological treatment contributes tfowards the fight against the greenhouse effect because it
diverts biodegradable waste from landfilling and incineration where it produces methane,
a powerful greenhouse gas, and carbon dioxide;

e the use of compost in agriculture is a way of maintaining or restoring the qua|it{. of our
soils because of the unique properties of the humified organic matter contained in the com-
post itself. It has a special relevance in the southern regions of Europe where it is a valu-
able instrument for the fight against organic matter dep?etion, desertification and soil ero-
sion erosion but also in areas continuously used in arable production where organic mat-
ter levels are decreasing. Preliminary estimates'* indicate that 74% of the land in Southern
Europe is covered by soils containing less that 2% organic carbon (less than 3.4% organ-
ic matter) in the topsoil (0-30cm). In ﬁwse conditions agronomists define a soil as in a pre-
desertification stage;

e the use of compost in horticulture and in home gardening is a valid and valuable substitute
for peat'® thus reducing the rate of exploitation of wet lands, which typically contain sensi-
tive and rare ecosystems.

Depending on local conditions, food and drink habits, climate and degree of industrialisation,

between 30 and 50% of MSW consists of biodegradable waste. In the context of MSW,

biodegradable waste is composed of food and food residues from households and public build-
ings — such as schools, offices, restaurants, canteens etc —, green waste from gardens and parks

- such as hedge trimmings, grass cuttings, tree branches etc —, residues from fruit qndpveg-

etable markets, and the like. Although biodegradable, paper waste is not included in the above

mentioned figures because it is felt that paper recycling is a better option than composting. Re-
cycling maintains the physical structure of paper fibres, thus recycled paper needs less energy
and raw materials to Ee produced.

Incineration and landfilling are the two most common management practices for dealing with

MSW in the whole of the Community. For instance, around 5% of MSW is still landfilled, al-

though in some Member States (such as Greece, Ireland, Portugal and the United Kingdom)

this percentage exceeds 80%.

1® Eurostat, Environment statistics: pocketbook 2000, Luxembourg, OPOCE, 2000.

14 P Zdruli, R Jones, L Montanarella, Organic Matter in the Soils in Southern Europe, Expert Report prepared for DG XI.E.3
by the European Soil Bureau (JRC - Ispra), 29 April 1999.

1S'E Maltby, C P Immirzi, D P McLaren, Do Not Disturb! Peatbogs and the Greenhouse Effect, Friends of the Earth, 1992.



Management options for biodegradable waste

Landfill

Biodegradable waste decomposes in landfills following a long ecological cycle of tens and of-

ten hundreds of years. The decomposition produces landfill gas and highly polluting leachate.

However, the major share of the waste remains in the landfill and the nutrients are not avail-

able for plant growth. When less organic matter is landfilled, less landfill gas is produced. Land-

fill gas, if not captured, contributes considerably to the greenhouse effect. In fact landfill gas is

mainly composed of methane, which is twenty times more powerful than carbon dioxide in

terms of climate change effects. It has been calculated'® that the methane emissions from land-

fills account for 30% of the global anthropogenic emissions of methane to the atmosphere.

By keeping the organic matter away from landfills the available landfill capacity can be used

over a longer period of time. This capacity can be used for materials for which treatment or

reuse is not possible. Furthermore, less space is lost for other purposes, such as infrastructural

works — this may especially be of importance in densely populated areas.

These motivations, among others, have guided the recently adopted Landfill Directive

1999/31/EC. Article 5 of the Directive introduces targets for the reduction of biodegradable mu-

nicipal waste to landfill. The dates for reduction of biodegradable waste to landfill are as follow:

- reduction to 75% (by weight) of total biodegradable municipal waste produced in 1995 by
2006;

- reduction to 50% by 2009;

- reduction to 35% by 2016.

Incineration

Incineration of MSW leaves about 30% of the initial waste mass to be dealt with as ash and
flue gas cleaning residues which are often hazardous a cause of the contamination by heavy
metoﬁs and in most cases are anyway landfilled.

When the biodegradable fraction of MSW is incinerated the organic matter is decomposed in-
to carbon dioxidgew. It is often said that biodegradable waste, or indeed waste in general, is a
renewable source of energy and a valid substitute for fossil fuels in order to meet the targets
for carbon dioxide reduction as agreed in Kyoto. This is just part of the picture.

In fact, the energy recovered from the incineration of waste comes from those highly calorific
fractions — such as plastics, tyres and synthetic textiles — that are produced from crude oil. Thus,
their incineration cannot be regarded as CO,-neutral. As for the biodegradable fraction, it is
mainly constituted of food scraps that is a wet waste which diminishes the overall efficiency of
the incineration process. This means that the combustion of the highly calorific waste fractions
is in fact ‘helping’ the combustion of biodegradable waste. More energy would be recovered
if biodegradable waste were not to be incinerated along with other wastes.

Biological treatments

In nature living organisms which have reached the end of their life-cycle decompose and give back
to the environment the organic matter of which they are constituted. There are two different ways
in which this can happen — in the presence of oxygen (aerobic process) and without oxygen (ancer-

¢ European Commission, Strategy Paper for Reducing Methane Emissions, COM(96) 557 final of 15.11.96.

7 In fact, it could be more fairly stqletffhdt the aim of an incinerator is the production of carbon dioxide. The organic matter
present in the biodegradable fraction of MSW is composed by carbon. The incineration process, by definition, aims at the de-
struction of its feed material through oxidation. Oxidation means that carbon and oxygen are locked together with the release
of a certain quantity of energy in the form of heat. The combination of carbon and oxygen produces carbon dioxide.
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obic process). These two processes involve different microorganisms — such as bacteria, fungi,
earthworms efc — whose reproduction under controlled conditions needs to be carefully p|qnne3
Composting

Under controlled conditions composting mimics conditions and speeds up what happens every
day in the natural environment when living organisms and plants die. The microorganisms that
start and finish the process off are called mesophiles. These grow when the compost is cool.
However, microbiological activity generates heat and when the temperature rises in the heap
beyond a certain point, mesophiles can no longer keep growing. At tﬁis stage organisms called
thermophiles take over and the temperature rises even more. Once the foods are digested, the
temperature of the heap gradually falls and the mesophiles take over once more. At the end of
the process, the material in a composting heap become so degraded that any further change
is extremely slow. The compost is than said to be mature and is now a rich earthly material that
has a vast range of uses.

Because the composting process is hot — it may reach temperatures of up to 70°C or more -
the heat helps to disinfect the waste of harmful microorganisms and also kills off unwanted weed
seeds and roofs.

The process through which compost is produced is straightforward and in principle does not need
any kind of machinery to be performed. A simple heap in a garden is sufficient for starting the
process off and if the Keap is turned regularly — in order to let moisture and air in — in six months
or less, depending on the weather, biodegradable waste is transformed into compost.

Anaerobic digestion

The anaerobic process involves methanogenic bacteria and has gaseous emissions constituted
by methane, carbon dioxide and water. The residue is called ‘digestate’” and can be further sep-
arated into fibre and liquor. The fibre is bulky and contains a low level of plant nutrients. After
a further period of maturation under aerobic conditions, the digestate becomes compost that
can be used in agriculture. The liquor is the liquid residue of the anaerobic digestion process.
Anaerobic digestion is rather sensitive to environmental conditions and is difficult to be artifi-
cially reproduced because it involves different methanogenic bacteria which work under dif-
ferent conditions (e.g. different temperatures and pH). If compared with composting plants,
anaerobic digestion plants can be more capital intensive, although they have the advantage of
producing biogas that can be used for the production of energy. Biogas is a mixture of differ-
ent gaseous compounds, mainly methane (50-80%), carbon dioxide (15-45%) and water
vapour (5%). Because of the presence of sulphur in the organic matter, the gas has to be puri-
fied from hydrogen sulphide, which is highly toxic and corrosive. What is left can than be up-
graded, if necessary, to natural gas stcngqrds and used as a source of energy for the produc-
tion of heat and electricity.

The choice between composting and anaerobic digestion for a specific situation depends on lo-
cal requirements concerning, E)r example, odour emissions, capacity and energy production
and oler local aspects such as the waste characteristics and composition. In areas with limited
natural energy resources or high costs for energy production, the energy that can be obtained
through the combustion of biogas can be very USGEJ'. In these areas anaerobic digestion might
be the best option. If energy is not an important issue or distribution and use of the energy pro-
duced by anaerobic digestion might be a problem, composting systems could be preferred.

Environmental advantages of using compost

Compost is an earthly rich and humus-like material that smells like freshly turned forest soil. It
can be used as soil improver, soil conditioner, organic fertiliser, mulch, soil substitute, as part
of top dressing, potting or seed compost, as a part of growing medium in grow bags etc. How-
ever, the suith|e final destination depends on many factors, including degree of maturity, feed-



stock material, and whether the compost is sieved. Each of the possible uses of compost pre-
sents some environmental advantages when compared with the available products competing
to service the market.

There are a number of applications for which compost can be used which fall into two main
categories: namely growmngedla and soil improvers. Growing media are roohn? substrates

other than soil in situ, in which plants are grown. Soil improvers are materials of any origin

that can be added to the soil to improve its physical condition without harmful effect. Within

this category there are three sub-divisions:

- soll concr tioners which are incorporated into the soil to stabilise structure, improve water re-
tention or soil workability;

- mulches which are laid onto topsoil in order to reduce moisture loss, control weed growth,
improve visual appearance, improve bearing strength or minimise erosion;

- planting material to improve the physical condition within the planting pit for trees and

shrubs.
Organic matter recycling & soil depletion

In order to underpin the sustainable development of society, as much as possible of our resources
have to be recycr;d, and recycled responsibly. The agricultural sector needs a secure, long term
supply of nutrients and organic matter (humus) fo compensate for losses through harvest, graz-
ing and leakage into surface water, groundwater and the atmosphere. The trend towards contin-
uous cropping reinforces the need o?nu’rrient recycling. Compost serves both purposes, primari-
ly as a supplier of micronutrients and humic substances — such as humic and fulvic acids - but al-
50, to a lesser extent, as a supplier of nutrients such as nitrogen, potassium and phosphorus.
Composting of blodegrcdab|e waste and use of the resulting compost on arobr) land provides
one of the keys to solving to the progressive impoverishment of agricultural soils. It has not on-
ly the advantage of replenishing organic matter levels but it also ?ocks organic carbon into the
soil that otherwise would disperse into the atmosphere.

The over exploitation of agricultural soils in the Community is of great concern both to agrono-
mists and soil experts. Intensive arable agriculture relies on a continuous rotation of d?ferenf
types of crops on the same plot, the only component systematically restored being mineral fer-
tilisers. Whi\ost mineral fertilisers ensure that nitrogen, phosphorus, potassium ont? other essen-
tial nutrients are given back to the soil, they cannot provide another vital ingredient to health
soils, namely organic matter. Organic matter is a complex mix of proteins, humic and fulvic qcicﬁ
and other components essential to the well being of soil, crops and soil biomass. It is produced
by plants through the photosynthesis process and the slow action of microorganisms — bacteria,
fungi, earthworms etc — during the course of hundreds of years. Only naturally induced biolog-
ical processes based on the pﬁotosynthesis of carbon are able to produce organic matter.
Many soils in the Community, especially those in southern regions, badly need additional or-
ganic matter. A level of between 2.5 and 3% of organic matter in soil is considered the bare
minimum for the long term use of agricultural soils"”, however soils with less than 1% organic
matter are not uncommon in the EU. Preliminary estimates” indicate that 74% of the land in
Southern Europe is covered by soils containing less that 2% organic carbon (less than 3.4% or-
ganic matter) in the topsoil (0-30cm). In these conditions agronomists define a soil as in a pre-
desertification stage. There are figures from the UK which show that the percentage of soils with
less than 3.6% organic matter rose from about 35% to about 42% in the fifteen years to 1995.

* However, it should be pointed out that organic matter and soil type are related. A soil needs the correct content of organ-
ic matter in order to be productive, not absolutely a high content in all cases.
'” See reference to footnote 14.
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In order to decrease the rate of soil depletion it appears from the available data extremely ur-

ent to restore organic matter levels into agricultural soils. This can be done readily through
ie production of compost out of biodegradable waste™. The composting process mimics what
happens to dec?/ing organic matter in nature and ensures that the o?qnic matter needed by

soils is not fully destroyed, but significantly transformed into a slowly-decaying storage of car-
bon. Indeed, biodegradable waste is transformed into a humus-like product that is extremely
valuable as a soil improver.

Carbon sink & the greenhouse effect

Organic matter is principally composed, by definition, of carbon. When it is incinerated or com-
busted the carbon in the organic matter combines with the oxygen in the atmosphere and reale-
ses carbon dioxide. Carbon dioxide, along with other gases, is widely held to be responsible as
one of the main causes of the greenhouse effect, a principal driver of global climate cﬁqnge. The
incineration of organic matter as biodegradable waste contributes towards the emissions of CO,
into the atmosphere and does not lead to any saving in overall CO, emissions.

However, the picture is radically different wﬂlen biodegradable waste is composted. Although
there are cqrEon dioxide emissions info the q’rmosp%ere due to the partial decomposition
processes that take place within the composting heap, the resulting compost ‘locks’ a signifi-
cant part of the initial organic carbon in the form of humified and slow-release organic mat-
ter, i. E. not in the form o% gaseous emission. The use in agriculture or any other use in soil of
compost contributes on the one hand to the fight against soil depletion, and on the other to
build-up of organic carbon content in soils.

It has been ccu?cu|oted2‘ that an increase of 0.15% of organic carbon, i.e. 0.26% organic mat-
ter, in ltalian arable soils would lock in soil and soil biomass the same amount of carbon that
is currently released into the atmosphere in one year in ltaly by the use of fossil fuels. It can be
assumed that similar proportions are valid for the whole of the Community, at least at similar
conditions of anthropic dF;nsity er unit arable land area. From this it follows that composting
of biodegradable waste is an eﬁedive and environmentally conscious means of diverting car-
bon dioxide from the atmosphere and converting it into organic carbon in soils and therefore
a valid tool to fight against the greenhouse effect.

Like humus in soil, the decomposition rate of organic matter into compost is approximately 1
to 2% per year, which corresponds to a half-life of 35 to 70 years. In other words, by subject-
ing biodegradable waste to composting and thus converting it into stable humus one can build
a significant sink of organic carbon in the biosphere, releasing CO, over a long period of time™.
A recent report” has evaluated the compost potential for carbon sequestration to 30 kg CO,-
equivalent per tonne of waste.

Compost vs. mineral fertilisers

Although composted material would not be classified as a fertiliser strictu sensu, the use of com-
post for agricultural purposes may be of some help in diminishing the quantities of mineral fer-

? Without forgetting that the most effective way for maintaining a good content of organic matter is through appropriate
agricultural practices such as correct crop rotation, mulching, intercrops, specific root crops etc. There is plenty of possibili-
ties which are, unfortunately, not always used.

” Speech given by Professor Paolo Sequi at the Compost Symposium, Vienna, 29-30 October 1998 (unpublished).

2 M Vande Woestyne, V Gellens, | Anasi, W Verstraete, Anaerobic digestion and inter-regional recycii)ng of organic soil
supplements in Biogas Technology as an Environmental Solution to Pollution, Fourth FAO/SREN Workshop, FAO, 1994.

2 A Smith et al., Waste management options and climate change, final report to the European Commission by AEA
Technology, 2001.



tilisers needed to be employed for restoring nutrient levels into the soil. The growing of veg-
etable crops requires a constant supply of nutrients. Nitrogen, phosphorus and potassium have
to be constantly supplied to the plants in order to maintain a steady crop production.

Mineral fertilisers are produced from a variety of sources. However they generally need ener-
gy to be Froduced, sometimes by way of extraction of raw materials. For instance, the pro-

duction of a phosphorus-based fertiliser requires shipment of phosphate rocks and an appro-

priate treatment with sulphuric acid in order to make the phospﬁorus readily available for plant

growth (treatment transforms tri-calcic P — that is not available to roots — into bi-calcic and
mono-calcic P, much more available). The process needs energy to be performed; moreover, it
is common knowledge that phosphate rocks are usually contaminated by cadmium.

Compost derives from the transformation process of biological materials which all contains ni-

trogen, phosphorus and potassium to a certain extent. Due to the composting process, these

biodegradable wastes are converted into a humus-rich material where the nutrients are in a

form available to plants, albeit slowly. The use of compost therefore contributes towards the

diminution of the employment of mineral fertilisers, with all the added advantages this poten-
tially entails from a public health and environmental perspective.

It should be pointed out that the concentration of nutrients in the compost is rather low. Thus, it

is not actually possible to envisage a total substitution of mineral fertilisers by compost. How-

ever, an increase of organic matter content in the soil strongly increases the e?f,iciency of chem-
ical fertilisation and plant nutrition itself, as:

* organic nitrogen is much more slowly released, thus meeting “natural” uptake speed
(N stemming E?'om chemical fertilisers is offen lost to some extent into groundwater, as it gets
massively released all at once, and into the air as NH, — especially from urea - pqrticu?or-
ly during hot weather when applied to “bare” ground);

* potassium is protected by the organic matter from absorption at the surface and inside
clayey particles;

* phosphorus is protected from co-precipitation with calcium.

Fundamentally though the best feature ofp compost (together with manure, straw etc) as com-

pared to mineral fertilisers is that the latter cannot supply any organic matter at all. Moreover,

since compost is basically derived from food waste, it is the logical recycling system for nutri-
ents and thus contributing to N P K supply and replenishment.

Alternative to peat

Peat is a limited resource with a very long production time. In fact, peat bogs are important
refuges for rare and unique species. Peat%ws a fundamental ecological role in water regula-
tion. Peat bogs play an important role in storing carbon that is released as carbon dioxide when
a peat bog is damaged. Although peatlands cover around half the surface area covered by
tropical rainforests, they contain over three to three and a half times more carbon™. Yet these
bogs are being destroyed all over the world for conversion to agricultural land, afforestation,
and commercial extraction of peat for fuel and horticulture.

Peat dominates the horticultural market because it is a well-established, effective and relative-
ly cheap product, requiring no processing. The price of peat is low because the environmental
costs associated with its extraction and use are not reflected in its price.

The use of non-peat materials should be encouraged wherever possible. Compost is an excel-
lent alternative to peat for many uses and would help reduce the amount of peat that is ex-
tracted every year.

* See reference in footnote 15.
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Market potential for compost

Once suitable biodegradable waste is collected and composted, one may wonder whether the
resultant compost will find a market or a beneficial outlet, and thus generate income. Some-
times worries are expressed about the capacity of the market to absorb the present compost
production, let alone an increased amount of compost. These worries can be easily put aside
when one considers a number of factors.

The total arable land available for agricultural purposes in the Community amounts to some 88
million hectares (excluding permanent grassland, forests and wooded areas). The total poten-
tial production of compost, if all the potentially compostable fraction of municipal waste were
to be treated in this way, is some 20 million tonnes. A typical agronomic use of compost on
arable land would emproy some 10 tonnes of dry matter per hectare, i.e. 20 tonnes of com-
post per hectare. This means that 1 million hectares of croE|e land, i.e. only 1.1% of the total,
would absorb the entire compost production of the Community.

Of course, this only gives a rough idea of the market potential for compost insofar it does not
take account of |oco?vcriotions due, for example, to the distance between the location of the
compost production site and farmland, to the amount of animal manure locally produced, to
the need for organic matter addition to the soil which will be higher in the south of Europe be-
cause of climate conditions etc.

However, use of compost in open fields is just one of the possible market outlets. Other markets
are use in horticulture (open air or greenhouse cultivation of vegetables, in particular mush-
rooms), floriculture, home gardening, landscaping activities (parks, land restoration, golf
courses) and so on. Just to give an example®, ltaly imports every year some 400,000 tonnes
of peat-based materials for%orticuhure, loriculture and home gardening purposes. Some 30
to 40% of these materials could be substituted by compost — and indeed they are in those re-
gions where compost is actually produced. These market outlets are more profitable for the
compost producers because peat-based materials have a rather high price. Typical prices for
compost sold in bulk to farmers in ltaly are 2.5-7.5 €/t whereas one tonne of compost sold for
home gardening can fetch up to 30€.

The potential market for compost constituted by the landscaping sector managed by munici-
palities such as for public parks and gardens should not be neglected. Municipalities could use
the compost produced out of the treatment of their own green waste in order to avoid to buy
soil improvers and growing media on the market™.

Conclusion

The adoption of the Landfill Directive will bring about a great deal of changes because of the
obligation for reducing the amount of biodegradable waste going to a |qno|ﬁ||. There is though
the very real danger that incineration capacity could rise in certain regions, not only significantly
but especially in southern regions, in order to meet the target requirements of the Directive”.

At the same time many areas in Europe have a serious shortage of organic matter levels in soil
and could use soil improvers fo help restore this Fundamentq? component fo levels suitable to
cope with the demands of modern agricultural practices and to combat the process leading to
soil degradation and desertification. On top of that, the continuous increase of carbon dioxide

% M Centemero, R Ragazzi, E Favoino, Label policies, marketing strategies and technical development of compost market in
the European Countries, Proceedings ORBIT99, part Il, pp. 355-362, Weimar, September 1999.

% It should be added that governments at national and supranational level have the possibility fo employ eco-taxation in
order to reflect environmental costs in prices.

7 For example, in the UK the Waste Strategy 2000 for England and Wales foresees to build up to 165 new incinerators for
meeting the targets of the Directive.



concentration in the atmosphere requires the adoption of waste management techniques that
do not worsen the greenhouse effect.
Biological treatment of biodegradable waste such as composting and anaerobic digestion can
contri%ute to solving the above mentioned concerns and to closing the circle of beneficial nu-
trient return o its soil based origin. Composting and anaerobic digestion do not destroy the or-
anic matter contained in biodegradable waste, produce a final material — compost — suitable
?or use in agriculture and contri?)ute towards the diminution of carbon dioxide in the atmos-
phere. In the case of anaerobic digestion there is also the advantage of producing biogas that
can be used to generate heat and electricity.
In order to achieve these objectives, two key-issues would have to be addressed:
* how to provide large quantities of suitable biodegradable waste for biological treatment;
* how to promote the use of the resulting compost on soils.
Those Member States that are more advanced in the field of biological treatment for biodegrad-
able waste have set up separate collection schemes so that biodegradable waste is not conta-
minated by pollutants and it is already possible to produce a high quality compost. Along with
this, they Kave regulated compost standards either passing legislation or stimulating the pro-
ducers to develop widely recognised and guaranteed marks. In fact, separate collection and
adequate standards seem to be two important factors in determining qucﬁty of compost, avail-
ability of outlets and the acceptability of the product.
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SOIL AND TERRESTRAL ENVIRNMENT

Soil and Terrestral Envirnment
(Winfried E.H. Blum, University of Agricultural Science, Vienna)

23



SOIL % BIOWAS

E IN
REPORT OF ROME IN C

OUTHERN EUROPE
NF

S
o ERENZE 18-19 GENNAIO 2001

T
ERNATIONAL




SOIL AND TERRESTRAL ENVIRNMENT




26

SOIL & EUROPE

)
REPORT OF ROME INTERNATI ERENZE 18-19 GENNAIO 2001

What could be the role of biodegradable waste
In mitigating soil problems or improving soil
quality with special regard to the
Mediterranean environment?
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THE STATUS OF THE MEDITERRANEAN SOILS

The status of the Mediterranean soils

(Jean-Paul Legros, INRA-ENSA Science du sol and Gianniantonio
Petruzzelli, Istituto per la Chimica del Terreno, Area di Ricerca CNR)

Introduction

A very useful synthesis was made on the soil quality in France [BORNAND et LEHMAN, 1997]
even if it is not specially focused on the Megiterraneon regions. To evaluate the status of the
Mediterranean soils it is useful to consider the external factors that influence the preservation
or the degradation of the soils (causes of vulnerability), to consider also the physical, chemi-
cal and biological degradations that affect the soils (impacts), and to review the indicators of
soil quality that allow us to make an accurate diagnostic for a given soil.

Causes 01.' §0il | Impact on soils | | Diagnostic
vulnerability
Physical degradation (indicators of
Chemical degradation soils quality)

Biological degradation

And corresponding
mechanisms

Figure 1: Approach of the soil quality.

Causes of vulnerability

The soil of the Mediterranean regions are developed in very sensible environments. The main
causes of vulnerability are listed in table 1.

Table 1: Main causes of Mediterranean soil vulnerability

Climate Erosivity Climate droughts
Soil Erodibility Urbanisation and infrastructures
Relief Mechanical agriculture

Forest fires

Climate erosivity. In the Mediterranean regions, the rainfall is distributed through the year in
an irregular manner. Some months are dry and other very humid with a very high rainfall
intensity. This situation leads to erosion as indicated by the Universal Soil Loss Equation (USLE).

Soil erodibility. As the climate is dry during summer, the competition is high for water. That is
the reason why farmers growth crops that do not cover the surface very well, for example olive
tree orchards in which the trees are in a small quantity and under which the soils are bare
(then the Potential EvapoTranspiration is reducej and some fruits can be harvested). This is
naturally a favourable situation to facilitate the erosion process taking into account the fact
that the soil organic matter content is reduced in parallel.

Relief. The Mediterranean region are more or r;ss mountainous and this is also a factor
increasing the sensibility of the landscape to water runoff.
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Climate droughts. The climate is irregular. In the south part of the Maghreb, some years are dry
without any rainfall. In the worse cases, the vegetation disappears and the organic matter too.
The remaining soil water is very low, in equilibrium with the air humidity. As the water is the best
efficient link between the soil particles, these particles are separated. The wind is able to trans-
port away the smallest. The desertification is starting. The mechanism is not really reversible even
if rainy events come back because the ability of the soil to stock water is not recovered.

Urbanisation and infrastructures. The Mediterranean region is the most popular tourist region
of the World [UNEP-EEA, 2000]. So an important part of the arable soils are progressively
sealed by urbanisation and transport infrastructures. Most of the towns are very old and were

ositioned in the best arable plains in old times during which agriculture was the mean to get
|E)oo| and survive. Then the town development eats the best soil resources.

Mechanical agriculture. For 20 years some new difficulties appears concerning the cultivation
in the Mediterranean regions [LEGROS et al, 1998].

The first point is the disappearing of draught animals that implies the reduction of the organ-
ic matter returns.

The second point is the structure degradation and the strong soil compaction. Several reasons
explain the recent and serious soil compaction of the Mediterranean soils :

1) decrease of organic mater as indicated above,

2) use of heavy machines,

3) method of zero tillage. This method has some advantages. To pass a plough in a vineyard
is long and difficult. It can be made only by specialists to avoid the destruction of the vine
plants. On the contrary, the spreading of herbicides to destroy the seeds is made quickly and
easily by everyone. The cost is lowered. Unfortunately, the consequences are the destruction
of the earth worms and of the weeds roots. In other words, the organisms that build all the
small pipes conducting the water in soils of low permeability are removed. The results are both
compaction, runoff and hydromorphy if the climate is sufficiently humid.

Impacts on soils

The table 2 present the main physical, chemical and biological degradation affecting the sols
in the Mediterranean countries [from BARBERIS et al, 2000, modi?ied]. But, as it will be seen
immediately, most of these phenomena are linked.

Several types of degradation conduct to the soil destruction. Examples: sealing, suppression
of wetlands, strong salinisation. Some phenomena will be described below wi’rﬁ their mecha-
nisms.

Table 2: Main phenomena linked with soil degradation

Physical degradation Chemical degradation Biological degradations
Compaction, crusting Chemical impoverishment Biodiversity reduction
Organic matter reduction N accumulation Soil respiration reduction
Soil porosity reduction

P accumulation Enzymatic activity modifcation
Structure degradation Carbonatation
Hydraulic conductivity reduction Salinization, alcalinisation
Water retention capacity reduction Acidification
Water erosion, Wind erosion Pesticides accumulation
Soil depth reduction Metal accumulation
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Physical degradation

When the soil compaction begins it is commonly accepted as a good thing by the farmers
because the trafficability is ameliorated. Unfortunately, the compaction continues to increase
slowly, up to a limit above which the yields are reduced. When bare, the soils are exposed to
the rain and a soil crust is formed qger rainy events if the texture is fine. This crust is porous
but the pores are not connected [USON anPOCH, 2000]. Then the quantity of soil materi-
al removed by lateral flow during the future rainy events will be greatly increased.

In the Mediterranean regions the men occupied their unstable physical environment for a very
long time. If we refer to pedological studies we can see that the rate of soil formation is very low.
For example, since the end of the last glacial period some soils made from an easy weathered
marl reach hardly 2 metres depth under forest. This value represents 0.2 mm of soil formation
each year. With a bulk density of 1.3 this is also 2.6 tonnes added to the base of the soils each
year. Under forest, the erosion is absent and the soil becomes thicker. But, if it is cultivated, even
if the methods of plough are conservative, the erosion will past above this limit of 2.6
tonnes/year. Several specialists think that the threshold, in average, is not 2.6 tonnes but 1.0
tonne. Unfortunately, in Andalucia for example [de la ROSA et al, 1999], an erosion risk under
5 tonnes/ha/an corresponds to the best situation and is seen only in 14% of the 237 fields stud-
ied ! In the same study, roughly half of the fields sample correspond to a soil erosion rate reach-
ing or going beyond 10 tonnes/year/ha. In these conditions, most of the soils become thinner,
year oger years. Five thousands years after the beginning of cultivation, they are near to be
entirely removed ! By contrast, in Atlantic or Continental regions, most of the soils and fields are
eroded under this limit of 2.6 tonnes/ha/year and are not threatened of full disappearing.
When the soils become superficial and stony, it is very difficult to cultivate them. So, they are
used for grazing (sheep, goats) and often overgrazing. At this stage of the degroJc;tion
process the most simplest method to clean the |angsco e and fo avoid the apparition of trees
and shrubs is to set fire each five or ten years. After the fire, the soils are bare and exposed
to rain drops. Moreover, it was recently cr:amonstroted [CERDA 1998] that soil under grass or
shrubs have aggregates no so resistant that soils under forest (organic matter impoverishment,
thermal and hydric shocks). Then erosion continues, reinforced.

In these conditions it was written [de la ROSA et al, 1999]: “With the present rate of erosion,
considerable areas in these countries (Mediterranean) may reach a state of ultimate physical
degradation, beyond a point of no return within 50-75 years”.

One can separate the case of hard and of soft rocks. On hard rock (limestone, granite...),
the hurt is cﬁane. In Mediterranean region the speed of weathering is not sufficient and the
soils have disappeared in many regions. Only traces of soils subsist between the rocks cracks
and between boulders. It is the case on the calcareous plateaux and on the igneous moun-
tains. On the contrary, on soft rocks, like marl or clay, deep soils remains often, in Tuscany
for example.

Chemical degradation

Chemical impoverishment

An other point concerning cultivation is often omitted. Since the beginning of agriculture, 5000
years ago [YAALON, 1997], the soils were used without any mineral fertilisation. So centuries
after centuries, the soils became poorer and poorer in phosphor and potassium [BOULAINE et
LEGROS, 1998]. For this reason, the agricuﬁuml y|e|cfs in the beginning of the 19th century
were not more important concerning wheat than the yields during t Ee Roman period in spite of
some trials of massive organic matter inputs. In 1840, Liebig, in Germany, explained the prin-
ciples of the mineral ferﬁﬁsoﬁon but he was understood and followed onr)// after 1870.
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Today the chemical status of the soil is not improved everywhere. Under forests, under natur-
al meadows and in some vineyards and orchards the level of fertilirﬁ remains very low in
t

many Mediterranean Countries! The fertiliser deficit is increased by the modern agriculture
(deep and frequent ploughing, dry farming, irrigation,) that exploits better the soil but often
without sufficient mineral and organic returns [MHIRI et BOUSNINA, 1997]. The same authors
mention a “mining agriculture” (no returns).

Nitrogen accumulation

On the contrary, modern agriculture is based on mineral fertilisation and it could happen that
the supply of fertilisers far exceeds plant requirements. Nitrogen can be considered as an
example. Nitrogen leaching is essentially due to incomplete element utilisation and uptake by
lants, the nitrate form is scarcely retained by soil surfaces and its downward movement is not
Eindered. Nitrogen leaching is of particular concern in arable land because mineralisation
proceeds after harvest i.e. without vegetation. The consequence is groundwater contamination
in the long term.
Nitrate loading to ground water is considered a problem in Mediterranean country. It is linked
to nitrogen application rate, but also to soil type, irrigation practices and land use. Leaching
in sandy soils is greatest than in clay soils, also as the result of lower denitrification.

P accumulation

Phosphate has a very different behaviour in the soil system, also this element is not complete-
ly utilised in the root zone, due to its unavailability derived from strong bonding on soil con-
stituents. This property prevents P leaching, but induces a requirement of a relative overdose
of P. Soil parameters affecting phosphqte%ondin are organic matter, clay minerals, calcium
carbonate, oxides and hydroxides of Fe and Al. The transport of solid particles in runoff water
lead to accumulation of P in river and lakes with a bloom of algae.

Average data of P fertilisers consumption in Mediterranean agriculture are not easy to evalu-
ate since often farmers utilise quantities greater than the official recommended.

Carbonatation and salinisation

Without irrigation, if the winter are sufficiently humid, the salt are naturally removed from the
soil profiles. This is the case for the very soluble salts as CINa but this concerns also some less
so|uE|e products as SO,Ca and CO,Ca. From a chemical point of view, CO,Ca is a salt. From
an agronomic view, it is not a salt because its solubility in water is relatively low. So the plants
are not very affected using the water of a calcareous soil... if we neglect some problem of
chlorosis. The “normal soi?” in the humid Mediterranean region on calcareous stones is not
calcareous and not saline. It is neutral (eutric) and can be found under some very old forests.
But, in the common situations, as the soil is truncated by erosion and mixed with stones by the
plough, it is maintained in a calcareous status.

By contrast, in the dry Mediterranean regions, the CO,Ca is not removed because the humid
period inside the year is small. The carbonates, if washed, do not move toward the bottom of
the soil and come back to the upper horizons transported by water that rises up by capillari-
ty. The natural limit (under forest) between non calcareous and calcareous soils in
Mediterranean regions is some where in the north of Algeria [DJILI, 2000].

If we continue toward the south even the soluble salts are not removed outside of the profiles.
There is not a well defined latitudinal limit because rare and strong rainy events (each
decade for example) wash soils that were considered before as degnite|y lost [MHIRI et

BOUSNINA, 1997]!
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With irrigation, in the dry regions the salinisation risk is high and very difficult to avoid.
Suppose (theoretical assumption !) that we irrigate with a pure mineral water as Perrier. The
quantity of salt in a litre is 35,4 mg of NaCl that represent 283 kg added each year for one
ha if we use a water quantity of 80 cm that is a common rate. On the ground the salts would
accumulate because there is no leaching by water. Some centuries after, with our pure miner-
al water, we would get a saline soil | Unfortunately, the waters used for irrigation in the dry
countries are concentrated by evaporation and far from pure mineral water. So, the salinisa-
tion is offen rapid. Everywhere, the soil cultivation increases the water demand (crop transpi-
ration). Then the upward movement of the water increases too with a risk of salinisation more
important. One says that some Mediterranean civilisations disappeared in relation with pro-
gressive salinisation of there countries.

Several reasons explains a recent increase of salinity [HERRERO and SNYDER, 1997].

1) The salinisation process is mainly the salt concentration linked with the transpiration of
water by crops. So salinity increases if the agricultural productivity is ameliorated without con-
servative measures against salt.

2) When the cultivation is developed in a region without a general system of water supply and
drainage, the chloride content othe drainage waters and of the rivers is increased.

3) The practice of intensive land levelling to permit flood irrigation exhumes often soil materi-
als that are rich in salts and that were never washed before by the rains.

4) In the non irrigated lands, drought is perceived as the major problem but, when irrigation
starts, the salt problem appears.

Pesticides accumulation

The use of chemicals in Agriculture leads to water pollution. The most important characteris-
tic to consider is the persistency of the molecules, which is determined by the degradability,
but also solubility and volatility in the soil environment. Leaching of pesticiJ;s and similar com-
pounds can depend on degradability and possibility of strong bonding with organic matter
and clay pcrticres.

To estimate the pollution several watersheds are studied in Europe including the Roujan watershed
in the Montpellier’s region. There, it was demonstrated that only small quantities of simazine and
diuron are transported outside of the watershed (1 or 2% of the sprayed quantities). These losses
are linked with the first strong rainy events after spraying even if they appear 100 days later or
more. During the transport, the instantaneous concentrations of chemical in the surface waters can
be high and dangerous [LENNARTZ et al, 1997]. If one compares the lost of herbicide in lateral
flow o’r the scale of the field and at the scale of the watershecJo it appears that a major part of the
product disappears before to leave the watershed. In other words, the herbicide reinfiltrates to the
groundwater Ey seepage through ditches [LOUCHARD et al, 2000]. After what happens is no
clear. The chemical are split in more or less known molecules that remain in the soil and water at
low concentration for an unknown time. One says that the vine is not contaminated because the
fermentation during the grape transformation destroys the organic chemicals.

Nevertheless repeated application of organic chemicals to soil are of increasing concern in
Mediterranean agriculture and severe regulations strictly control the use and the introduction
of new compounds.

Metal pollution

Characterisation of the degree of pollution of soil by heavy metals is one of the main problem
in soil chemistry. Many heavy metals are also essential micro-elements since they are indis- 31
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pensable in biological processes (e.g. Cu, Zn, Ni). However, account must be taken of the fact
that this characteristic is maintqineg only up to a certain level beyond which these elements
become toxic. With respect to the non-essential metals, living organisms show a certain toler-
ance up to a threshold after which they show symptoms of toxicity.

The deﬁnition of the background level of heavy metals in soil is important to evaluate if an
increase produced by agricultural practice, atmospheric deposition etc. has occurred. In the clezj
inition of background values it is necessary to consider that heavy metals are naturally present
in soils and that there is an enormous variability of concentrations found in natural soils. Based
on analyses of numerous Italian soils it has been possible to define a range of concentrations,
found in different types of soils, which do not present negative effects as regards soil fertility, crop
productivity, water quality or the environment in general. These values are shown in Table 3.

For France, all the references are available in two large synthesis [BAIZE, 1997 — BOURRELIER
et BERTHELIN, 1998].

In the table 3, the value of 120 for copper can be found in many soils cultivated with vines. S-
ince the apparition of mildiew (Plas-

Table 3: Concentration intervals of heavy metals found mopara viticola) and until few decades,

mgu/gl(r;ultural ltalian soils. The data are expressed in grape growers use Cu (Bordeaux mix-

ture) to protect the vineyards. So the lev-

LU ool el of Cu contamination is high in many
concentrations

soils of the Mediterranean region,

Zinc 10-150 sometimes up to 250 mg/kg [BRUN,
Copper LOERRA0 1998]. Cu remains strongly fixed on or-
Lead 2120 ganic matter and on clay inside the first
Codmium Ofll> horizon of the soils.

Nickel 5-120

Chromium 10- 150 The value of 120 for lead is common in
Mercury 0011 soils near major roads. Also the high
Arsenic Zio s values of nickel and Chromium is a spe-
Molybdenum 01-5 cific feature of Mediterranean regions
Cobalt 1-20

whose soils greatly differ from those of
northern Europe, due to the different
parent material and climate effects.

The wide intervals in the table reflect the notable differences between the soils in the various
ltalian regions. Given the heterogeneil‘r of the soil, together with possible analytical and/or
sampling uncertainties, heavy metal values slightly greater (10 — 30 %) than those shown can
generally still be considered as natural values.

Total heavy metal content in agricultural soils represents only the initial point for knowledge of
the degree of pollution and it is often of little importance in evaluating plant uptake and the
potential transfer to the food chain. Knowledge of the environmental mobility of the different
chemical species of heavy metals is essential to understand the risks deriving from pollution
for man and the environment. It is therefore fundamental to quantify those metal fractions
which can become part of the liquid phase of the soil. This phase represents both the resource
from which plants and other organisms take water and inorganic and organic nutrition, and
is also the means of diffusion o?these elements.
In schematic terms the heavy metals in the soil can be considered to be present in various
chemical forms:
1) Soluble in water:

a) as free cations,
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b) as complexes with organic and inorganic bonds.
2) On the exchange sites o? clay minerals in an “exchangeable”form.
3) Adsorbed specifically, on clay surfaces or on ferrous and manganese oxides; adsorbed
and/or complexed by the organic matter.
4) Occluded or coprecipitated with carbonate phosphate oxides or other secondary minerals,
5) As cations in the primary minerals following isomorphic substitutions of Fe and Al.

The retaining or releasing reactions of heavy metals include the processes of precipitation and
dissolution, ionic exchange, adsorption and desorption, partition of the elements in the dif-
ferent chemical pools. These processes are firstly dependent on pH and are essentially asso-
ciated with clay content and organic matter, and with ferrous oxides and hydroxides.
Information concerning soil contamination is still patchy, and generally not easily available
among Mediterranean countries. This reflects the diverse interest that countries have for their
own particular soil problems. Moreover information concerning soil are held by different
organisation and authorities, so that collection and evaluation of data are very difficult.

For heavy metals, the main sources of contamination are :

Use of mineral fertilisers (N, P, K) with heavy metals content. A typical example is given by the
resence of Cadmium in phosphate fertilisers, which therefore contribute to total soil Cadmium

Eurden. The Cadmium content, depends on the origin of the raw phosphate used in the pro-

ductive process. There are considerable differences from 5 mg/Kg Cd to as high as 300 mg/Kg.

Phosphate from Marocco and Tunisia have a mean concentration around 15-30 mg/Kg.

Use of manures and sewages with Heavy metals content [LEGROS et al, 2001] (case of Cu

and Zn in swine slurries).

Roads (Pb in benzine),

Atmosphere (pollution transported by air),

Opencast minig; the pollution is often well delimited and high (hot spots). The contamination

of the surrounc?ing landscapes is related with erosion of spoil banks [PORTA et al, 1989].

All the kinds of degradation reviewed are cumulative. So the lost of arable lands is important

in the Mediterranean region. For example, this represents about 37.000 ha definitively lost

for Tunisia each year [MIHRI, 1999]. Much more information on soil degradation is available

in two interesting synthetic books [ROBERT, 1996 — STENGEL et GELIN, 1998].

Soil quality indicators

Recently the ltalian National Agency for the protection of the Environment ANPA has created
the National thematic center on soirond contaminated sites (CTN SSC) with the aim, among
the others, to choice useful indices and indicators to describe Italian soil quality. In table 4 are
reported the selected indices according to the DPSIR system [BARBERIS et al, 2000].

Table 4: Soil quality indicators [BARBERIS et al, 2000].

pH Total heavy metals Pesticide in groundwater
CEC Heavy metal availability Surface water total P
Texture Pesticide use N and P contribution fo rivers and
seas
Organic matter Nutrient-balance of the soil Protected areas
(nutrient input/output)
Available P and K Nitrate in groundwater Electric conductivity-EC
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Conclusion: Towards a better future?

To reduce the man pressure on soils

Probably, the situation of the soils will ameliorate naturally in the next future on the north limit
of the Mediterranean sea in relation with the diminution of the man pressure on land. As a
great part of the population moves towards the towns, most of the lands cultivated on strong
slopes return bocE to natural and protective vegetation [UBALDE et al, 1999]. Moreover, the
use of bush (garrigue, maquis) as firewood is no longer profitable and the forest is not over-
exploited now. But the risk of fire remains high and often increases.

On the south shore of the Mediterranean sea, the density of the population is high and the
ilorfest is| deeply exploited. The erosion rates is high. A part of the soils continues to disappear

efinitely.

To return back to classical methods of cultivation

In the region of Montpellier, in the laboratory of one of the authors, it was demonstrated that
the quantity of soil material removed by erosion is in strong relation with the lateral water
flows during the rainy events of highest intensity. So the zero tillage, with the use of chemical,
that makes the soils Eare and smooth is worse concerning erosion risk than traditional culti-
vation with a plough that makes an irregular soil surface [COULOMA, 1998]. On tradition-
ally ploughed parcels the erosion is 4 tonnes/years. On the parcels with zero tillage the ero-
sion is the douEle or more. For the same reason, the annual herbicide loads in surface waters

on cultivated vineyards soils are reduced 3 to 15 times if one compares with those of the
parcels with zero tillage [LOUCHARD, 1999].

To cover the soils with grass

One solution to avoid erosion and to maintain a good trafficability in vineyards and orchards
is to growth grass between the plants ranks. In theory, this method, wideK/ used in the north
vineyards (Burgondy, Alsace, ...) is not perfectly convenient for the Mediterranean region, in
roin{ed vineyards, in relation with the competition for water between the grass and the crop.
But, this common idea needs to be evaluated for two reasons:

1) The roots of the vine plants and the roots of the grass do not extract water in the same soil hori-
zons. So the competition is not as evident as predicted, in Spain for example [USON et al, 1998].
2) It was demonstrated that, with a grass cover, the infiltration of water is much better than
with a bare soil [LEONARD et ANDRIEUX, 1998]. So with grass the winter rains are better
stored in the soils and can be used in the dry period.

For these reasons experiments are needed fo see the true consequences of introducing grass
in orchards and vineyards. These trials must be pursued several years because remains the
hypothesis of a water deficit covered, for example, at 80% by the annual rain and at 20% by
the soils reserves stored when begins the experiment. When this is true, the lack of water may
appear only the second of the third year of experiment as seen by USON et al above. In
Languedoc such experiments are planed by INRA and the Hérault Agricultural Chamber.
Naturally, it is always possible to cut the grass in the dry period of the year, to destroy it or to
use grass varieties that do not survive in summer.

To use the organic wastes

One other way to ameliorate the situation is naturally to use the organic waste provided by
crop industries and by the development of towns. This seems to be advantageous in countries
in which organic matter is often lacking. But several specific difficulties must be solved:

- These is a rapid oxygen consumption if organic matter is added in great quantity. This is
accompanied by the strong collapse of the redox potential. If the products nged undertakes
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fermentation, organic acids are produced and the pH diminishes often strongly [COCK-
BORNE et al, 1999]. This is favourable to the dissolution of toxic ions: Fe++ and Mn++. In
other words, the quantities of waste must be limited and spread in the dry season if the win-
ters are humid.

- Some of these organic products are rich in salts. So one must control their soﬂiniti and the
evolution of the soil salinity specially in the dry regions, where the salinisation risk is high.
- As seen above, some Mediterranean soils are rici in metal. So the metal content of waste

must be measured.

To develop the countries and their financial power

The soil saline reclamation method is perfectly known. One needs only:

- pure irrigation water in sufficient quantity not only to satisfy the plant requirements but also
to wash outside of the soil the sahs?hot are there,

- a lot of money to construct the pipelines to carry on the incoming pure water and fo elimi-
nate the saline water extracted by drainage,

- a computer technology of high level to manage, for a whole region, the circulation, the use
and the elimination of two water systems with ﬁ—nousqnds of users.

The method works perfectly in California [LEGROS, 1996]. But, in most part of the
Mediterranean region, the wanted technology is not available...

To use law, promote education and set up programs

The main point is probably the necessity for everybody to understand that soil is not a renew-
able resource. It this is achieved, it becomes possible to organise conservation programs, to
in'Ect moner in the soil management and to use laws as an additional tool to progress toward
a better soil use and protection.
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INDUSTRIAL CONTAMINATED SITES-PROPECTIVES IN SOUTHERN EUROPE

Industrial Contaminated Sites-Propectives
in Southern Europe
(Simonetta Tunesi)

First Italian decree on site clean-up 1989:
derelict sites; industrial waste dumping
regional inventories of potentially contaminated sites
regional priorities
national and regional funds

7 Several Regions have begun remediation
activities and regional laws have been approved

% Regional approaches for selecting polluted
sites were based on threshold values

As a result of the 1989 decree:

Region Sites potentially Short Long
contaminated term term
Emilia-Romagna 3182 66 91
L9mbardia 2120 25 70
P!e.rrjonte 116 55 i
Sicilia
110 4 9
Toscana 309
Liguria 73 166
13 i, .
National
*94-99 data 8792 705 1122
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As a consequence of those first investigations,
in 1998 with a National law, 14 sites were
declared

National Interest Sites

and 300 million Euro were allocated for
remediation (up to 50% total cost)

Activities begun in 1999 with working groups
formed by national, regional and local
personnel assessing remedial projects
submitted by site owners

The most recent Italian national legislation was
issued on December 1999:

» sites of every dimension and type

* even operating sites

* regional inventories of contaminated sites
* maximum acceptable concentration values
+ values set for two categories of use:

* green areas / residential
» service / industrial




INDUSTRIAL CONTAMINATED SITES-PROPECTIVES IN SOUTHERN EUROPE

aItes of National Interest

The remedial interventions have to address:

* the location of the sites

* the whole area that could have been
impacted by the site

At present public authorities are conducting
the investigations for the characterisation
of external areas

4]
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Case study: the characterisation of the
external area for the ACNA site has been
implemented on the basis of a Conceptual
Model of the river environment

Environmental media investigated:
» groundwater

» surface water

* river sediments

* river soil

* river biomonitoring
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Soil and subseil Maximum Acceptable Concentrations
Metals green/residential service/industrial
mg kg' as d.m.
Antimony 10 30
Arsenic 20 50
Cadmium 2 15
Cobalt 20 250
Cromium tot 150 800
Cromium VI 2 15
Mercury 1 5
Nichel 120 500
Lead 100 1000
Copper 120 600
Selenium 3 15
Tin 1 350
Vanadium 90 250
Zinc 150 1500
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Groundwater Maximum Acceptable Concentrations

Cromium tot

Cromium (VI)

Iron

Mercury

Nichel

Lead

Chrysene

Dibenzo (a, h) anthracene
Indeno (1,2,3 - ¢, d) pyrene
Chloromethane
Trichloromethane

Vinyl chloride
1,2-Dichloroethane

pg L
50
5

200

0.15

Setting of threshold values

PROs

* the selection criterion
does not rely on the
expertise of the
technical personnel of
local administrations

* no private/public
disputes over the label
“polluted sites”

CONs

* even sites with low level
of pollution might be
included in the remedial
procedure

* the responsible party has
to prove that the risk
posed by those sites can
be managed
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comparison
with » <MAC > nO, .
MAC responsibility
for the
corresponding
usage of the | | _ MAC > liability to
site clean-up

l
‘project submitted.

Warding proj ect

accident — off — submitted
measures

contaminated
site remediation

for approval

contamination

waste removal to public

hazard LNAPL extraction authority
site closure
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The Remediation project
is made by three documents

1. CHARACTERISATION PLAN

executiorof investigation activities

!

2. PRELIMINARY PROJECT PLAN
v

3. DEFINITIVE PROJECT PLAN

the Italian regulation defines in detail the
contents and the requirements of the
different projects documents

by the same technical approach
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1. CHARACTERISATION PLAN

collection and organisation of existing
data

» description of site and of the
environment that could have been
impacted

 preliminary Conceptual Model

» design of the initial investigation plan

EXECUTION OF THE INVESTIGATION PLAN

+ collection of environmental media
samples

« sample formation

+ sample preservation, transportation,

Control of activities and laboratory analysis
(10%) by public authorities
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2. PRELIMINARY PROJECT PLAN

+ analysis of pollution levels: hot spots,
contaminants, statistical treatments of data,..

+ evaluation of the technologies suitable
for the specific case

« selection of the remedial scheme on the
basis of effectiveness of best available
technologies

REMEDIAL SCHEMES

MAC can be reached

Remediation with safety measures:

residual concentrations > MAC will be left in
environmental media

isolation of
primary source of contamination - wastes
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2. PRELIMINARY PROJECT PLAN

+ site specific risk analysis
+ comparison of remedial scenarios
+ description of the selected scenario

+ evaluation of the need to split remedial
operation by areas

Criteria for technology selection

* reduce concentration in environmental
media to MAC

* clean-up without soil removal: in-situ
and on-site techniques

« if MAC cannot be achieved even by the
application of BAT, residual
concentration > MAC can be allowed
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Criteria for technology selection

* the residual concentration that can be achieved
by the efficient application of technologies are to
be evaluated by risk analysis methods

* remediation that allows residual concentrations
has to be coupled with safety measures (such as
hydraulic barriers) or usage limitations

* reduce the period of controls after intervention

3. DEFINITIVE PROJECT PLAN

*Timing
ecosts

edetail of remedial works and
operations
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The remedial scenario is made by the combination of:

1. characterisation of environmental media in
the site and the surrounding area; impact
assessment

2. selection of technologies for the reduction
of contaminants concentration in
environmental media

3. safety measures that intercept the
migration of residual contamination and
usage restrictions

4. risk management at the end of remedial
activities

ANPA activities:

data-base on remedial technologies

technologies application case-studies

guidelines for project design

structure of national inventory
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Open problems

+ sampling strategies for
national sites

» capability of storing and
processing national data

+ assessing different sampling
approaches

» estimate and liability for
environmental damage

» national priorities

Open problems

+ permanent safety measures of vast
areas (time bombs)

* by mean of risk analysis, application
of technologies that justify residual
concentrations

* lack of personnel for control of
operation in site

+ control of environmental quality after
completion of remediation




Compost biotechnology in an integrated
management of degradable organic waste
and in the reclamation of disturbed soils

(Giovanni Vallini, University of Verona - Department of Science
and Technology, Laboratories of Microbial Biotechnology an
Environmental Microbiology)

Introduction

Composting is by definition the solid-phase biological decomposition of organic residues that
occurs in aerobic conditions by exploiting the substrate self-heating as a consequence of the
microbial oxidative reactions. This process ?eods to the production of compost, a humus-like, dark,
crumbly material that can be usecj3 as fertiliser fo reintegrate organic matter in agricultural soils.
Therefore composting has been considered for a long time a proper way to treat and recycle
organic wastes such as crop residues, live-stock manure, biodegro£|b|e fractions from municipal
solid waste (MSW), sewage sludge, fish waste, pulp and paper and sawmill wastes as well as E
products from a variety O?Food-processing industries (Vah)ini et al., 1984a; Vallini et al., 1984b).
The use of composting to stabilise putrescible wastes and to transform them into a valuable
resource knows today an expanding trend in many countries, as landfill sites become scarce
and expensive, and as people are more aware of the impacts that land disposal or mass burn-
ing of unsorted wastes have on the environment. In many ino|us’rri0||isecJO countries, govern-
ments have already stated, or are going to define, goals or legislative mandates to drastical-
ly reduce the volume of organic wastes being sent to landfills or incinerators.
Nevertheless, it is worth pointing out that, even lacking programmes of separate collection that
allow the management of clean organic residues for high-quality compost production (prod-
uct-oriented perspective), composting might be usefully cppclied or the stabilisation of unsort-
ed MSW or whatever rotting organic matrix to be then landfilled (treatment-oriented per-
spective). The reduction in volume and the loss of putrescibility gained with a preliminary com-
osting step make these wastes more suitable for landfill (?isposod since space is saved,
r;ochote production and biogas release minimised, and odour emission prevented.
Still in the same perspective of treatment-oriented processes, composting is nowadays more
and more considerecfon important tool for the conversion of a number of chemical wastes
(e.g. oil refinery sludge) into innocuous, stabilised end-products or the detoxification of soils
contaminated with noxious organic pollutants (e.g. polycyclic aromatic hydrocarbons and
explosives) (Vallini, 1997).
This lecture will deal with the examination of advanced technological options for the control of the
composting microbial ecosystem intended for either the treatment of putrescible organic matrices
for compost production or the degradation of polluting chemicals in both industrial wastes and soils.

Composting of organic wastes in a product-oriented perspective

Basic knowledge for process control - Although composting is often referred to sophisticated
associations ofgchhinery that determine as many plant configurations capable of transform-
ing organic matrices into a stabilised end-product, people should consider it primarily as a
biological process (Finstein and Morris, 1975; de Bertoldi et al., 1983). This means that, if
composting has to be a success, proper process design and management must be based on
the fulfilment of requirements of a variety of microorganisms which represent the active agents
of the stabilisation reactions. Thus, optimisation of composting at a biotechnological scale (i.e.
improvement of decomposition rate, pathogen abatement, and odour management) requires
the knowledge of the key factors that affect such a peculiar microbial ecosystem.
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The main physical and chemical parameters which control the activity of microorganisms dur-
ing composting are:

a) temperature that must be considered under all aspects of external conditions, heat produc-
tion within the matrix as a consequence of biological activity, heat transfer, and heat man-
agement;

b) moisture

c) oxygen supply

d) pH

e) carbon to nitrogen (C:N) ratio

and
f) physico-mechanical characteristics of the material being composted

If the prominent goal of composting is the production of a soil organic amendant which should
meet qualitative standards in order to result acceptable for agricultural uses, the

g) composition of the starting substrate biomass
must be taken also in great account.

Temperature is probably the most important factor affecting the metabolism of the microbes
during composting. It is either a consequence and a determinant of the microbial activity. In
general, composting is characterised by a step of temperature rising, possibly to the ther-
mophilic range (T > 50°C). Composting of putrescible organic wastes is typically a ther-
mophilic process in which the most favourable range of temperatures for microEioﬂ ecompo-
sition should be maintained between 55 and 60°C, and should not exceed 65°C in any case.
Temperatures in excess of 55°C for several days (at least three) are usually instrumental in
inactivation of pathogenic organisms, especially when septic materials such as sewage sludge
are processed. Above 60°C the metabolic activity of microorganisms begins to decline. To
maintain temperature within the optimal range during the thermophilic phase, substrate bio-
mass aeration should be provided. Moving air through the matrix has the potential to dissi-
pate heat excess. Heat removal occurs primarily via sensitive heating of aeration air, while
evaporation can also remove heat because of the high heat required for water vaporisation.
Maoisture is of crucial importance in maintaining microbial activity within a composting matrix.
Optimum metabolic rates can be achieved by reaching the maximum water content that still
does not restrict O, transfer and utilisation. In fact, excessive wet composting masses become
anaerobic with consequent generation of unpleasant and pervasive odours. On the other
hand, decomposition slows dramatically in mixtures under 40% moisture. Water content of the
substrates should be 55-65% at the start of the process, with the higher values recommended
for composting with turning or whatever movement of the substrate biomass. If the aerobic
biotransformation of ini’rioﬁ organic waste is correctly managed, moisture progressively
decreases as composting proceeds towards complete biomass stabilisation.

Oxygen supply allows oxidative reactions to predominate in composting matrices. Inadequate
O, levels |ecJ,to the establishment of an anaerobic microflora which can produce odorous
compounds and phytotoxic metabolites. Substrate density and ready availability determine
high O, utilisation rates in putrescible wastes. Diffusion rates greatly depend on the matrix
physical characteristics sucE as porosity, particle size, and moisture content. To maintain
microbial metabolism predominantly aerobic, interstitial O, concentrations near 10% should
be guaranteed.



Microbes driving compost stabilisation operate best in the range of pHs between 6.5 and 8.0.
Nevertheless, the natural self correcting or buffering capacity of the process makes it possible
to proceed over the much wider rcm?e of 5.5 to 9.0. Although adjustment of pH in the start-

ing biomass is rarely required, this factor should be conditioned in matrices with high nitro-
en contents. Actuoﬁ/ , pHs higher than 8.5, joined to temperatures in the thermophilic range,
?avour ammonification that may contribute to the unpleasant odorous emissions from com-
posting matrices.
Of many elements required for microbial growth, carbon (C) and nitrogen (N) of a given matrix
represent the most selective nutrients which affect substrate decomposition throughout com-
osting. Nevertheless, these two elements have to be not only simply available, but necessari-
r;/ in a balanced ratio. Generally, a C/N ratio of 25:1 to 30:1 is considered ideal for faster
compost stabilisation. At lower ratios, nitrogen will be supplied in excess and will be lost as
ammonia, causing undesirable odours. If the carbon of a specific compostable material (e.g.
lignin rich residues) is scarcely available (i.e. resistant to biological degradation), a higher C/N
ratio in the initial substrate biomass can still be acceptable. However, matrices with C/N ratios
higher than 40:1 decompose at relatively slow rates, so longer composting times are needed.
Physical characteristics of an organic matrix being composted exert a conspicuous influence on
the course of the stabilisation process. As the micro%iql reactions must occur in aerobic conditions,
substrate biomass should always maintain adequate porosity in order to favour the movement of
air and hence sufficient oxygen supply within the inferstitial atmosphere. Porosity is a function of
either structure (mechanical strength to collapsing) and size of the matrix particles. Thus, prelimi-
nary size reduction of compostab?e materials should be a good compromise between the goal of
increasing the surface area-to-volume ratio of the particles, that enhances microbial decomposi-
tion rates, and the need of preventing matrix compaction due fo the excessive shredding of the
initial substrate. Organic wastes which are poorly structured and too wet (e.g. food residues,
manure, sewage sludge) require to be mixed with proper bulking agents (e.g. wood chips, wood
shavings, coarse sawdust) in order to improve porosity and mitigate moisture content.
Finally, it must be emphasised that composting should be restricted to clean organic residues, if
the treatment of putrescible wastes is finalised to the production of humidified fertilisers.
Composition and characteristics of the starting matrix will greatly condition the quality of finished
compost. Actually, the presence of non-degradable materials and possibly toxic contaminants in
waste streams sent to a composting facility may be often irreparably prejudicial for the mar-
ketability of the end product. For instance, mechanicall sortecJO organic fraction of MSW is still
too contaminated with plastics, glass, other inerts, onJ chemical pollutants (e.g. heavy metals
and household hazardous wastes), so it can not lead to the production of an acceptable com-
post, although the stabilisation process is correctly carried out. Therefore, it appears evident that
production of usable compost from MSW or other composite wastes can be solely attained
through activation of programmes for the collection of source-separated organic fractions.

Process control by different composting strategies for the stabilisation of energy-dense and
easily degradable organic wastes - Exploitation of composting as an environmental biotech-
nology for the management of organic wastes only relies on those systems which lead to a sat-
isfactory control of the process, that means high decomposition rates within relatively short
stabilisation times. All these systems have been developed with the attempt to ensure the basic
requirements of adequate oxygen supply and temperature control in the narrow range of 55
to 65°C. In this context, composting technologies available today can be assigned to two main
categories (de Bertoldi et al., 1985; Rynk, 1992), depending on the arrangement of the sub-
strate biomass during stabilisation: 1) open systems, in which matrices %eing composted,
although treated within a building, are not retained in any kind of container, and 2) in-vessel
systems, in which organic waste to be stabilised is confined in true bioreactors. Open systems
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include windrow composting and aerated static pile composting, while in-vessel systems refer
to composting performed in vertical reactors (e.g. silos), horizontal reactors (e.g. rotating
drums), and aerated dynamic trenches, also known as agitated beds. The type of the system
to be possibly adopted in a given circumstance depends on the land area available, the char-
acteristics and the amount o?qute being treated, and the estimated time required for the sta-
bilisation of the initial material. Although they are generally recognised as expensive tech-
nologies, in-vessel systems however are often considered more re?icb|e for greater process
control than open systems. As it will be shown later, this is not completely true.

Windrow composting consists in the formation of the substrate biomass in narrow elongated
piles which are periodically turned. Depending on the organic waste characteristics and the
turning equipment available (e.g. bucket loader, elevating-face conveyor, straddling windrow
turner), windrow cross-section can vary from 1.5 to 3.0 meters in height and from 3.0 to 6.0
meters in width, with the lower values recommended for dense materials like sewage sludge
mixtures. Turning frequency is chiefly determined by windrow dimensions, matrix porosity,
and moisture content. Windrows must be arranged on an impermeable concrete surface in
order to avoid leachate dispersion into the ground and to improve equipment handling in
rainy weather. Advantages of this composting system are the possibility to manage large vol-
umes of waste, a good stabilisation of the end-product, and relatively low copita? investment.
Disadvantages are great land requirement, higﬁ labour costs, odour release with the turning
operations, and possible failure of adequate pathogen inactivation.

Aerated static pir; composting occurs in stacks shaped like windrows which are not however
mechanically turned until the matrix stabilisation has been reached. The lack of periodical
mixing limits the application of this composting method to materials that can maintain a sta-
ble structure throughout the process. To improve porosity, appropriate cellulosic bulking agents
such as wood chips are usually incorporated in the initial mixtures. Process control is normal-
ly performed through deliberate air delivery into the matrix by means of perforated pipes
placed in a layer o?coarse material at the base of the piles, or embedded into the compost-
ing concrete pad underneath metal grilles. The pipes are connected to blowers which operate
by timer-schedule o ensure either vacuum-induced aeration (Beltsville strategy) (Epstein et al.,
1976; Willson et al., 1980) or forced-pressure ventilation. This latter is ogen managed via
feedback control of the temperature which governs blower actuation “by demand” during the
thermophilic phase (Rutgers strategy) (Finstein et al., 1980; Finstein et al., 1983). Static pi|es
should not exceed 2.5 meters in Eeight in order to allow homogeneous diffusion of the air
through the matrix. Furthermore, it may be necessary to cover the piles with a 10cm layer of
mature compost, triturated straw, or whatever bulking agent avoi|cE|e. This layer protects the
composting matrix from drying, insulates it from the ambient temperature so determining
pathogen destruction even in the outer portions of the pile, discourages flies and other insects,
and acts as a sort of filter for ammonia and odours released from the pile. Of the different
aerated static pile systems, only the Rutgers strategy seems to allow an optimal control of the
process and, consequently, a slight reduction of Ee stabilisation times. This means less land
requirement than in windrow composting. In general, aerated static pile systems ensure a high
degree of pathogen destruction and a good odour control.

Vertical and horizontal reactors specifically refer to completely closed containers in which the
substrate biomass is normally retained for a few days or weeﬁ,s (usually two) until only partial
stabilisation is reached. Closed reactors are intended to let the initial substrates overcome the
early stages of composting when odour release and process control are most critical. Once
out of the reactor, the composting matrix is then formed in windrows or piles to get complete
maturation. These systems are usually associated with high capital and maintenance costs.
Even the control of the process may result in difficulties sometimes when heterogeneous mate-
rials such as the organic fraction of MSW are fed info the closed reactors.



In silos substrate biomass is loaded daily at the top of the reactor while an identical volume
of partially-stabilised material is removed from the bottom. Aeration is typically provided by
forced-pressure ventilation, with the airflow opposite to the substrate biomass flow.
Nevertheless, because of the height of these reactors (usually 4.0 meters), air distribution often
is not homo?eneous and, ’rhere?ore, neither temperature nor oxygen can be maintained at

optimal levels throughout the matrix profile. As with static pile composting, a stable porous
structure of the substrate biomass is required in vertical reactors that normally lack internal
mixing. In a few plant configurations, a second aerated silo may be considered in which the
partio%y-stabihsed matrix is definitively cured.

Rotating drums are large cylindrical reactors mounted horizontally on sets of geminate bear-
ings that give the cylindgers a slow rotating motion by engaging special crown wheels. Rotation
causes continuous mixing of the substrate biomass fed at the loading end of the reactor, and
allows the mixture to move through the cylinder towards the discharge end. Aeration is pro-
vided by introducing air from the discharge end. So, the air moves in the opposite direction
as the substrate biomass and diffuses into the organic matrix as it tumbles. Typical dimensions
of rotating drums are 3.0 meters in diameter by 35 meters in length, with a daily ca cciz of
approximately 50 metric tons and a retention time of three days. It is evident that sucﬁ a short
residence time can allow only the beginning of microbial substrate decomposition which must
be then accomplished through a second stage of stabilisation, usually in windrows or aerat-
ed static piles. Therefore, rotating drums seem to function better as size reduction and
homogenising technology than as true bioreactors. Furthermore, the difficulty to maintain aer-
obic conditions in the cylinders may result in a slight ammonia volatilisation. Also substrate
hygienisation, emphasised as an important effect of rotating drums, might eventually prove
itself to be a drawback if the risk of pathogen re-contamination is considered. In fact, the
organic matrix coming from the discharge end of the reactor is almost pasteurised and, hence,
even scarcely colonised by useful micro%es. Thus, once re-arranged in windrows, it could be
invaded again by hqrmfurmicroorgonisms which should not face any competition.

Today, the most promising technology among in-vessel composting systems is represented by
the so-called aerated dynamic trenches (agitated beds). They combine movement of the sub-
strate biomass during composting with controlled aeration. These reactors typically consist in
long, rectangular, c%ove-groun trenches with lateral walls and open ends. The material
being composted is fed at the loading end of the bed. Turning is usually effected by an over-
heac? bridge crane running on rails along the top of the trench walls. This machine is fitted
with a cylindrical cutter the same width as the trench. The position of the cutter can be regu-
lated in ﬁeight although, when operating, it is set to scrape the substrate biomass up from the
bottom of the trench. This material then passes onto an inclined elevating conveyor which dis-
charges it once more in the trench, behind the bridge crane as this latter moves forward on
the rails. Each passage of the crane moves the organic matrix towards the discharge end of
the reactor. Turning is important to break up clumps of particles, maintain porosity, and even
aerate the mass. Nevertheless, oxygen supply for microbial reactions and heat dissipation are
mostly guaranteed by blowing air in the composting matrix through a set of pipes recessed in
the floor, along the trench, and covered with grilles and/or gravel. Moreover, since the sub-
strate biomass shows a gradient of stabilisation moving from the front end to the discharge
end of the reactor, the trench is often sectioned into different aeration zones along its |engt€i\.
Each zone is served by a blower, individually governed through feedback control of the tem-
perature or by timer-schedule. So appropriate amounts of air can be delivered to the com-
posting matrix, according fo the different stages of the process. Residence times of five to six
weeks have been proven to cause complete stabilisation of different mixtures of organic waste
(Vallini et al., 1990). Aerated dynamic trenches have also shown to perform efficient control
of odorous emissions and pathogen destruction.
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Composting application in a treatment-oriented perspective

Composting potential for the decomposition of hazardous materials - The effectiveness of com-
posting as a means of detoxification of industrial waste has been reported for different kind
of matrices such as tannery sludge (Vallini et al., 1989), spent mycelia from antibiotic pro-
duction, pesticide laden wastewaters (Kuo and Regan, 1992), petroleum extraction and heavy
oil refinery sludges (Findlay et al., 1991; Baheri et al., 1996) as well as coal tar (Taddeo et
al., 1989). Increasingly stringent environmental regulations have made traditional disposal
methods such as |qndﬁ,||ing no longer acceptable E)r this waste. In particular, as far as oil
refinery sludges are concerned, even incineration and pyrolysis often result as prohibitively
expensive.

Hazardous wastes are usually mixed with lignocellulosic bulking agents before bein
processed. The role of bulking materials is either to absorb liquids or to dilute concentrqtec?,
dense, toxic matrices. In both cases a suitable physical environment for microbial activity is cre-
ated. Moreover, solid-phase substrates, with a large surface area are receptive to hydrophobic
as well as hydrophilic compounds. Mixtures can be then placed in cerated static piles, E)rmed
in windrows, or fed to reactor vessels. If wooden co-substrates are used, addition of nutrients
such as nitrogen and phosphorus (P) may be required. On the other hand, no nutrient supply
is necessary with rich bulking materials like spent mushroom substrate (SMS) which has been
utilised as both an absorption matrix and a source of active microorganisms to degrade pesti-
cide residuals (e.g. carbamate insecticides such as carbaryl, carbofuran, and aldicarb) (Regan,
1994). Typical composting temperatures are in the range of thermophily (> 55°C).

Windrows or piles shou|c?a|woys be underlain by a hard surface, and arrangements should
be made for collecting and disposing of runoff and leachate from the materio?s. The possible
release of toxic volatile organic compounds (VOCs) during the treatment should be even con-
sidered, especially if turned windrow composting is adopted. Thus, confinement of the mix-
tures being composted should be ensured in closed buildings or shelters which can allow
vapour removal by suction. Enclosure is particularly mandatory when aromatic compounds
are involved. Emissions are then treated in special scrubbers or bicfilters.

Composting as an ex situ soil bioremediation technology - In the last decade, composting has
been evaluated as an ex situ, solid phase biological technology to degrade organic com-
ounds in contaminated soils and sediments. This treatment has given very good results with
Eozordous chemicals such as either aliphatic or polynuclear aromatic hydrocarbons (PAHs),
volatile solvents, as well as explosives.
Excavated polluted matrices are mixed with different kinds of bulking agents and organic
amendments, and placed in closed, temporary structures such as plastic tunnels, prepared on
lined pads. An obvious reason for the enclosure of soil mixtures during the treatment is fo pre-
vent harmful gaseous emissions into the atmosphere and to control leachate release. Addition
of organic sugstrq’res serves both to enhance porosity of the soil mixtures and to supply nutri-
ents (C, N, P, and possibly microelements) for a variety of microoorganisms, which can
degrade the hazardous pollutants under co-metabolic conditions. Proper amendment selection
is also needed to promote thermophilic microbial activity in the soil mixtures. In fact, high tem-
perature is the most relevant feature of the composting environment, and the elevated tem-
eratures reached during the thermophilic phase can increase the enzyme kinetics involved in
Eiode radation reactions. Furthermore, at composting temperatures in the range of ther-
mophﬁ , both solubility and mass transfer rates of the polluting compounds usually increase,
thereby making them more available to the microbial metabolism. Nevertheless, evidence
exists that above 60° C the number of different microbial species in the composting matrices
is drastically reduced (Finstein et al., 1986). This means that mesophilic composting, in which



the temperature ceiling of 37° C is established, usually presents a much richer community of
microorganisms. Thus, the possible degradation of a wider number of organic pollutants
should be taken into account when composting is carried out in the mesophilic range.
Anyway, even during thermophilic composting, the dynamics of physico-chemical conditions
within the composting mass cr;termines the exposure of the polluting compounds to a variety
of microorganisms. After the treatment, cleaned soils are moved again fo pristine locations.
Two basic composting systems have been so far implemented for bioremediation of contami-
nated soil: turned windrows and aerated static piles, also known as biopiles. Nevertheless
windrow composting is nowadays considered to Ee the most cost-effective biotreatment alter-
native to the incineration.

Aerated static pile composting has been shown to be successful in the abatement of aliphatic
hydrocarbons in mixtures of polluted soil, sheep manure and wood chips in the ratio of 1:1:1
(Kamnikar, 1992). The process duration was estimated in eleven weeks.

Soil composting in the presence of wood preservatives, including pentachlorophenol (PCP)
and creosote, has been carried out at the University of Helsinki. Passively aerated windrows
were adopted for processing soil mixed with 35% of softwood bark and 3% of vegetable ash
(Valo and Salkinoja-Salonen, 1986). The concentrations of chlorophenols were reduced from
212 mg kg' to 30 mg kg within four summer months. These levels were further reduced to
only 15 mg kg" after an additional year of composting. The temperatures of the processed
matrix fluctuated in the range of mesophily (5-32° C).

Application of composting to the treatment of soils contaminated with PAHs has been widely de-
scribed (Crawford et al., 1993). Both biopiles and windrows have been used. For instance, aer-
ated static piles have been recently arranged at the Dubose Oil Product Co. Superfund site in
Cantonment, Florida (EPA, 1995). Composting was used in this site to treat soil contaminated
with a variety of PAHs such as acenaphthylene, acenaphthene, anthracene, benzo(a)an-
thracene,  benzo(b,k)fluoranthenes,  benzo(a)pyrene,  benzo(g)perylene,  chrysene,
dibenzo(a,h)anthracenes, fluorene, fluoranthene, indeno(1,2,3) pyrene, naphthalene, phenan-
threne, pyrene, and 2-methylnaphthalene. PCP and VOGs, including benzene, xylene,
trich|oroetﬁy|ene (TCE), and 1,2-dichloroethylene (DCE), were also present. The composting sys-
tem used at Dubose consisted of soil piles arranged for forced aeration, in which native microbial
population was improved through bioaugmentation with an inoculum prepared in a special
tank by seeding a nutrient solution with soil aliquots. A modular pre-engineered building with
reinforced PVC fabric was installed for the soil confinement. A leachate collection system was al-
so operating. Off-gases collected by the aeration equipment were treated using granular acti-
vated carbon adsorbers prior to the discharge to atmosphere. Soil clean-up goals established
for Dubose site were met. For total PAHS, be%re-treotment concentrations ranged from 50.8 to
576.2 mg kg, while after-treatment concentrations ranged from 3.3 to 49.9 mg kg (average:
19 mg kg'). For PCP, before-treatment concentrations ranged from 7.67 to 160 mg kg, while of-
ter-treatment concentrations ranged from 16.5 to 36.3 mg kg'. The primary removal mecha-
nism identified for PAHs in this application was biodegradation; however, voldtilisation was i-
dentified as the main mechanism for removal of VOCs.

Finally, composting has been also proven to success in bioremediation of soils and sediments
contaminated with organo-nitro explosives and propellants. At the Umatilla U.S. Army Depot
Activity site in Hermiston, Oregon (Weston, 1993), soil contaminated from the discharge of
explosives’ wastewater into unlined lagoons from 1950 to 1965, was treated in both aerated
static pile and turned windrow configurations. Contaminants were represented mainly by
2,4,6-trinitrotoluene (TNT), hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX), and octahydro-
1,3,5,7-tetranitro-1,3,5,7-tetraazocine (HMX). After excavation, the soil was screened to
remove large rocks and debris. It was then transported to a composting pad with temporary
structure to provide containment. Sawdust, alfalfa, manure, and other agricultural wastes
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were used as amendments. The composting process occurred in the temperature range of 15
to 60° C. With the windrow method, turning was 3 to 7 times per week. In static piles, aera-
tion blowers were set to cool the composting matrix whenever 60° C had been exceeded.
After forty days of treatment, composting reduced initial average contaminants as follows:
TNT from 1,574 mg kg' to 4 mg kg (aerated static piles and turned windrows); RDX from
944 mg kg-1 to 7 mg ig'l (static piles) and 2 mg kg™ (windrows); HMX from 159 mg kg to
47 mg kg (static piles) and 5 mg Eg'] (windrows). Therefore windrow composting showeg the
potential to be the most effective method.

Another study performed at the U.S. Naval Submarine Base site in Bangor, Washington, con-
firms the process performances with the abatement of TNT from 822 mg kg™ to 8 mg kg after
60 days of composting in windrows (Craig, 1994).
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The Role of Anaerobic Digestion for the
Production of Energy and soil Improvers

(Franco Cecchi and Laura Innocenti, Department of Science and
Technology University of Verona - ltaly)

Introduction

When speaking about anaerobic digestion in this Conference it must be remembered that two

other international symposia on the specific topic of anaerobic digestion of solid waste as a

way for the management of biodegradable wastes with a view fo the environment and to ener-

gy recovery have previously been organised. These were held in 1992 in Venice and in 1999

in Barcelona.

| was honoured to participate in the scientific committee at both of these symposia and in

writing the symposium final remarks (Cecchi et al.,1992; Verstraete et al., 1999) It seems

logical to remember the opinions given by these two pools of world experts following the
analysis of the best scientiﬁc and R&D news that was presented by various authors during
the two events.

In 1992, the first ISAD-SW took place in Venice (Cecchi et al., 1992) and during that event,

the following statements were justified:

e AD of so?id waste is a developed technology;

e with this technology, the OFMSW can be converted to compost of excellent quality at costs
nzt higher than conventional composting and with considerably higher speed and less net
odours;

. 1hebt|hermophi|ic range of temperature (55°C) is to be preferred since it appears more prof-
itable;
the idea that the thermophilic process is difficult to manage was proven incorrect;

a trend towards the separate collection of wet easily biodegradable organic fractions of
MSW was underlined and, as consequence, the feasibility of AD in contrast with direct
application of composting;

* not all the organic wastes can be anaerobically digested and, in some cases, composting

seems more suitable (i.e. for lignin containing wastes; for pre- and polishing treatments);

two phase AD emerges as an applicable approach to be studied;

the concept of co-digestion of different substrates is also notable;

more attention should be paid to AD applications;

AD qualifies as a most vcli)uoble environmental biotechnology;

AD is perfectly compatible with other solid and liquid wastes treatment processes.

After the second ISAD-SW held in Barcelona these conclusions have been taken into consid-

eration both at research and application level. However, two results do not appear to be in

accord with the previous ISAD-SW'92 results:

e the use of mesophilic or thermophilic range of temperature (several Authors report a quite
similar yields using both these conditions);

e the level of ammonia toxicity for the process (it has been demonstrated that up to 12.000
mg/| of NH,-N can be maintained with a stable process).

Of the other results presented in Barcelona to define the future work in this topic, the most

important were:

e the importance of the pre-treatments on the yields improvements and reactor stability;

e the environmental concerns about CO, emissions in a global balance involving the use of
the AD process in waste management.

¢ the integration of this unique unit process in overall sustainable waste treatment.
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Anaerobic digestion, when considered in the context of Life Cycle Analysis (LCA) offers a num-

ber of interesting features:

* the recovery of energy (100-150 m’,__ /ton,, ..} is an important factor, particularly in
third world countries;

* aerobic treatment of solids is inevitably giving rise to extensive emission of undesired
volatiles such as ketones, aldehydes, ammonia and even methane (several kg per ton waste
treated). In anaerobic treatment, all gases are contained and via the use of the biogas
burned to produce energy;

* one aspect that particularly deserves to be further explored is the capacity of anaerobic
digestion to decompose chf;rinoted organics and thus achieve a putative decontamination
of organochlorines. Indeed, the problems concerning the fate of micro-pollutants
(nonylphenol, heavy metals, PCBs, dioxins) and the overall end-product quality have
become a major factor for all types of wastes treatments and anaerobic digestion offers
specific potentials in this respect.

In the future, the following aspects hereby appear of crucial importance:

* increased/optimised source separation;

 development of more reliable cycles (for instance within a single community or producer-
consumer configuration) to increase responsibility and confidence. It was emphasised that
improved communication between various waste management people and users of com-
post is essential to guarantee the future of organic matter recycling.

Moreover, there is a need for an extra societal impetus in order to make anaerobic digestion
of solid wastes a mainstream technology. As schematised in Figure 1, it could be integrated
optimally in a sustainable treatment scheme providing both tecEno|ogico| diversity and flexi-
bility and it can generate optimal eco-efficiency.

Indeed, since the Kyoto agreements of 1998, the industrialised world is obliged to explore

possibilities to reduce CO, emissions by at least 5%. It can be agreed that:

e anaerobic digestion allows the recovery of the rapidly biodegradable biomass present in
the wastes in the form of biogas;

e the digested residue can be considered as a quite stable organic matter which upon prop-
er storage conditions (e.g. water logged or acidic soils) wiﬁ have a very slow turnover of
several decades at least;

e proper technology and land planning can upgrade the end product of the biowaste diges-
tion to a form o? sequesteredpcqrbon. It is conceivable that in this way the natural imbal-
ance in CO, can be adjusted by re-storing or creating organic rich soils, peat bogs and
moors.
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Organic solid waste

v

Selection
Biowaste Other
High-temperature Controlled landfills or
pre-treatment to incineration with minimisation of
sanitize and CO; emissions per unit of treated
solubilize waste

Anaerobic digestion

Solid residue = organic Biogas combustion with
carbon sequestered with a optimal CO; emissions per
turnover of 50 years or more unit of recovered energy
A 4
Slow carbon emission

Figure 1: Possible role for OFMSW anaerobic digestion in the potential greenhouse effect

Accordingly, this presentation will focus on:

o the qppﬁcq’rion of the AD process during the last ten years (data provided by De Baere
(1999) in the Symposium of Barcelonay);

¢ the two generally accepted process schemes for the industrial application of aerobic or
anaerobic solid waste treatments and the related role in soil quality improvement and ener-
gy recovery;

* an environmental comparison between the two processes, taking into account the papers
presented by Hans Kubler and Michael Rumphorst (1999) and by Edelmann (1999) in
Barcelona;

State of the art of full scale anaerobic digestion plants in the last ten years

The data reported here are some of the most significant figures detailed by De Baere during
the Barcelona ISAD-SW Symposium.

The study presented was limited to plants in operation or under construction treating at least
10% organic solid waste from market waste or municipal solid waste in the last ten years 53
plants across Europe, were analyzed according to the following parameters:
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Evolution of capacity (Fig.2)

Capacity evolution rate was of around 30 Ktons per year during the period between ‘90 to
‘95, while the rate of increase averaged 150 Ktons per year for the period ‘96 to 2000. An
increase of 200 Ktons per year is expected in 2001. The number of plants for those same peri-
ods rose from 2.4 to 7.2 plants per year The average capacity, initially at 24,420 tons per
year groduq”r decreased until 1998, then increased towards averages of 50,000s ton per

year due to plans for large grey or mixed waste digestion projects.
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Figure 2: Installed capacity and size of plants.

Mesophilic versus thermophilic operation (Figs.3-4)

Plants were initially operated only at the mesophilic range of temperature (see Fig.3).
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Figure 3: Mesophilic versus thermophilic: cumulative capacity
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The first thermophilic plants came on line in 1992 and 1993. The capacity of mesophilic oper-
ation increased by 350,000 tons between ‘94 and ‘99, while thermophilic capacity increased
by 280,000 tons. |.e. there were respective increases per year of 70,000 tons and 56,000
tons. Thermophilic operation was developed later but has now been established as a reliable
and acceptecf mode of fermentation. More mesophilic plants were added in some years while
mgre thdermophﬂic capacity was constructed in others (see Fig.4). No clear trend can be
observed.
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Figure 4: Mesophilic versus thermophilic: annual capacity.

Wet versus dry fermentation (Fig.5)

Between 1990 and 1993, more wet plants were constructed; afterwards, dry digestion pre-
vailed (more than 15%TS). No clear technology trend is observed at the moment.
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Figure 5: Wet versus dry.
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Two-phase versus one-phase digestion (Fig. 6)

Research has been carried out re?qrdingbtwo-phose and one-phase digestion. In practice two-
phase digestion has not been able to substantiate its claimed advantages. Only 10.6% of the
available capacity is provided by two-phase digestion systems.

700000

400000
300000

CAPACITY (TON/YEAR)

200000

100000

till 91 92 93 94 95 96 97 98 99 2000
1990
| m ONE 0 TWO |

Figure 6: One phase versus two phase.

Co-digestion (Fig. 7)

Co-digestion is not used as much as was expected. It is quite common that an organic solid
co-substrate is added to manure digesters in small amounts but only in exceptional cases is
solid waste from households or market waste added. This is probably due to specific handling
and pre-treatment requirements, such as the removal of inerts or size reduction.
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Figure 7: Co-digestion versus solid waste digestion.
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Mixed waste versus biowaste (Fig. 8)
The introduction of source separated collection caused a boom in the construction of com-

posting plants for biowaste. Digestion of mixed household waste remained stable while it is
expected that treatment of separately collected biowaste will increase.
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Figure 8: Mixed versus biowaste.

Anaerobic versus aerobic (Fig. 9; Tab. 1)

CAPACITY (TON/YEAR)

Composting capacity increased by about 7.5 millions tons whereas anaerobic digestion
capacity increased by about 0.44 millions tons. That is only 6% of the total capacity increase
(see Fig. 9).
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Figure 9: Development of aerobic and anaerobic composting capacity in Germany.
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This was probably due to the following considerations:

* anaerobic digestion was not consigered as a fully proven technology until around 1995
¢ the anaerobic technology was more expensive;

* municipalities opted for ress risk and less investment.

Anaerobic capacity currently represents:
* less than 5% of the total composting capacity in Europe.

However, in some countries the market share has reached more than 10% (see Tab. 1):
¢ The Netherlands: 11.9%

e Belgium: 15.6%

o Switzerland: 26.6%

Table 1: Capacity in some European countries

Country Capacity (ton/y) Composting capacity
Germany 449605 6%
Belgium 67000 15.6 %

The Netherlands 197000 11.9%
Switzerland 78500 26.6%

Scheme of anaerobic and aerobic industrial plants and their role in soil quality and energy
recovery

The evaluation of these two options shouldn’t be confined to the stages in the biological
process biological, the overall quality of the final product should be taken into account, as well
as its inferactions with the environment and the attempt for quality enhancement. While there
is a need to evaluate some stages, others are well understood such as pre-treatments, com-
post production and gaseous and liquid wastes conditioning. Furthermore the quality of pro-
duced compost, waste gases and wastewaters must be compared for the two options.

According to the mean actual composition of the source separated organic fraction of munic-
ipal solid waste and to a literature review, Genon (1999) has drawn the mass balance for the
aerobic and anaerobic processes (see Figs 10 and 11). The most important data of the two
processes are summarised in Tab 2.

Table 2: Main characteristics of anaerobic and aerobic processes

Biogas production, m*/t* 100 + 200 -
Residual solids TS basis, % 50 + 60 50
Compost production, kg/t* 200 + 300 300 = 400
Energy production, kWh/t* 100 + 250 -70 + -90
Wastewater, m*/t* 1+0.2 -

Air for fermentation, m®/t* - 3600 = 10000
Air for stabilization, m*/t* 800 + 1700** 800 + 1700

The ranges depend on the OFMSW quality; (*): tons of inlet material; (**) has been consid-
ered the same figure for composting.



PRODUCTION

THE ROLE OF

The excess water from the digestion process can be purified with mechanical-biological treat-
ments including nitrification and denitrification to limit the impact of digestion wastewater into
the values typical for composting.

In the field of profitable cultivations, substrates blended with anaerobic compost (after aero-
bic post-composting) show results comparable to typical compost-based substrates.

The contaminants present in the anaerobic compost are the same as in conventional composts.
To moderate odours and pathogens emissions, both processes are usually carried out in closed
buildings and waste air is treated with biofilters.

Current knowledge indicates there are no specific differences when sanitary and toxicity
aspects are considered; thus it is possible to perform a first ecological evaluation of carbon
dioxide emissions.
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Figure 11: Aerobic composting scheme and mass balance
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Evaluation of energetic and CO, balance for aerobic and anaerobic processes

This kind of evaluation was presented by Kibler and Rumphorst during the Barcelona
Symposium using the process schemes shown in Fig.12 (the same schemes previously used for
the mass balances) and considering, as a first approximation, energy production and CO,
emission as the real elements for the final comparison.

Composting and combination approaches (Fig.12). The authors chose a plant capacity of
15,000 tonnes of the organic fraction of municipal solid waste (OFMSW) per year. In the case
of composting the authors supposed that for compost maturation an intensive composting sys-
tem would have been required after waste pre-treatment for contaminants removal. Further
processing guarantees the quality of the mature compost. Waste air from the various stages
of the process is purified and the condensate produced by intensive composting is discharged
as excess water (Fig.12).
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Figure 12: Flow chart and balance for the evaluated processes

In the combined process the digester residue is dried and fed to an aerated composter to pro-
duce mature compost. Further processing guarantees the quality of the mature compost.
Excess water is purified and discharged. Waste air is also purified. Biogas is energetically
used by a combined heat-power (CHP) generator. The process stages are supplied with elec-
tricity and heat and the surplus is used externally (Fig. 12).

In performing the CO, emissions balance a distinction must be set between the biological (aer-
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obic/anaerobic) process emissions and the energy production. A further distinction must be
made about electricity and heat. Table 3 summarises the base balances for energy and CO,.

Table 3: Base balances for energy and CO,

Waste input Mg/y 15,000 15,000
Electricity specific requirements kWh/Mg 50 100
Thermal energy specific requirements kWh/Mg 0 100
Organic substrate degradation % 60 Digestion: 55
Post-composting: 30
Specific biogas production Nm3/Mg - 115
Methane content in biogas Vol.% - 65
Carbon dioxide content in biogas Vol.% - 35
Biogas specific energy kWh/Nm’ - 6.46
CHP electricity yield % - 35
CHP heat yield % - 35
CO, specific emission per required external power kg/kWh - 0.61
CO, specific emission per required external heat kg/kWh - 0.34

CO, emissions with aerobic composting. Electricity requirements for a composting plant are
nearly 50 kWh_/Mg. This is usually obtained though the use of fossil fuels. With modern com-
posting processes, Eect management within the process is, as much as possible, optimised.
Thus the authors assumed that any excess heat due the low temperature level doesn’t allow
any substitution of primary energy.

Total carbon dioxicjz emissions from a composting plant can be computed as follows: the sum
of CO, load released by biodegradation of organic substances during composting and the
CO, developed during electricity production. During composting 243 gi(g of CO, per Mg of
OFMSW is produced. This value is calculated assuming that a ton of OFMSW contains almost
245 kg of dry organic matter, about 45% of which is carbon, of which 60% ends up being
degraged and oxidised to CO,. This means that the examined plant produces an annual emis-
sion of 3,639 Mg CO,. Furthermore, there is carbon dioxide emission due to the power pro-
duction. With a specific power requirement of 50 kWhel/Mg OFMSW, natural carbon cji)ox-
ide emission due to biodigradqﬁon increases by 458 Mg CO, per year.

CO, emissions for the combined system. To study CO, emissions for a combined plant it is
first necessary to examine the energy balance. With the combination of biological processes
and extensive purification systems ?or excess water, a power requirement of 100 kWh_/Mg
OFMSW can be expected. The energy requirement for reactor heat loss and for the thermal
treatment of the product will vary depending on the process management. Practical experi-
ence shows that a value of 100 kWhth/Mg OFMSW s usually not exceeded.

The results from a plant for OFMSW digestion show an annual average degradation of 55% of the
organic matter. Methane content in biogas is influenced by the composition of the treated waste. It
can roughly be assumed that, a mean composition of the biogas is 65 Vol.% CH, and 35 Vol.%
CO,. Thus wastes with 245 kg of dry organic matter/ton can lead to a biogas production of 115
Nm’/Mg. 15,000 Mg of wastes therefore has a potential primary energy of 11.15 GWh.

Using biogas for energy production in a combined heat-power station (CHP) it is feasible to
obtain 3,901 MWh/y of electricity and 6,130 MWh/y ot heat. After subtracting the electric-
ity and heat requirements for the combination plant, a surplus of 2,401 MWh/y of electricity
and 4,630 MWh/y of heat remains which can be substituted for primary energy.
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The authors found the following CO, emissions from biological treatment and from biogas

energetic reuse:

® Post-composting produces nearly 36 kgCO,/Mg OFMSW. 30% of the organic matter was
assumed to be degraded in the post-composting step. Almost 45% is carbon emitted as
carbon dioxide. On this basis an annual production of 819 Mg CO, was calculated.

* The biogas contains carbon dioxide. The specific load is 79 kgCO,/Mg OFMSW, pro-
ducing an annual emission of 1,186 Mg/year.

* During biogas burning methane is converted to carbon divide, thus the plant CO, emis-
sions increase by nearly 2,202 Mg/year.

In the examined cases the substitution of the primary energy with the electricity surplus reduces
the carbon dioxide emission by almost 1,465 Mg/y. If the excess heat could be used, for
instance, in a surrounding industrial area, further energy would be substituted. On the basis
of a specific emission for carbon dioxide of 0.336 kg/kWhth, total emissions can be further
reduced by 1,556 Mg/y. Then, referring to a combined plant with anaerobic digestion and
aerobic post-composting, the carbon dioxide emission is composed as follows: 2,000
MgCO,/y directly from the biological treatment and 2,200 MgCO,/y indirectly by the use of
the developed biogas. In the total balance carbon dioxide emissions can be avoided if pri-
mary energy sources are substituted.

Comparison between the CO, balances. The energy balances are shown in Tab.4. Based on
these data an emission of 4,097 MgCO,/y was found by the authors for pure composting of
15,000 Mg OFMSW/y (Tab.5). The 13% of the total emissions are emissions caused by the
use of external energy sources (e.g. fossil fuels) to help the degradation of 3,639 Mg/y of
organic matter.

Table 4: Energy balance as kWh/y (Kibler, 1999)

Composting Digestion

Plant energy requirement -750000 -1500000
Plant heat requirement 0 -1500000
CHP energy production 0 +3900829
CHP heat production 0 +6129874
Deficit (-)/surplus (+) of electricity -750000 +2400829
Deficit (-)/surplus (+) of heat 0 +4629874

Composting Digestion
CO, emissions from composting areas 3639 819
CO, load in biogas 1186
CO, emissions from biological treatments 3639 2005
CO, emissions from biogas use 2202
CO, emissions from the use of external 458 0
electrical sources
CO, emissions substituted by the electricity 0 -1465
surplus
CO, emissions substituted by the heat surplus 0 -1556
Sum of CO, emissions
Without heat reuse 4097 2473
With heat reuse 4097 1187
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A further environmental balance has also been carried out by Edelmann (1999) by consider-
ing thle ecobalances (expressed in Ecoindicator points) for a larger variety of technologies,
namely:

. EC:y fully Enclosed and automated Composting plant with waste air treatment in a biofilter;

e OC: Open Composting in boxes covered by a roof and in open windrows

e DP: Fuﬁ)y enclosed thermophilic one step plug flow Digestion (horizontal Kompogas-
gigﬁ,ter) with aerobic Post-treatment in an enclosed building equipped with compost

iofilters

e DE: combination of thermophilic Digestion combined with fully Enclosed, automated com-

osting in boxes (BRV-technology), where 40% of the raw material was digested
Eefore the addition to the compost line. The air is cleaned by bio-washers.

e DO: combination of multiple stage, thermophilic batch Digestion (romOpur-technology)
combined with Open windrow composting where 60% of the raw material was digest-
ed before the addition to the compost line

® |S: Incineration in a modern incineration plant including Scrubbing of the exhaust gas
streams.

The author found that the biotechnological treatments for biogenic waste treatment are gen-
erally favourable to incineration. He also found that the pure composting technologies he
analysed (EC: fully enclosed and automated composti Emt wnh waste air treatment in a
bloﬁrer and OC: open composting in boxes covereg Ey a roof and in pen windrows)
appeared to be less ecological than digestion: the higher the percentage of digestion, the bet-
ter the score.

When comparing the different technologies, energy plays a predominant role. Edelmann
found that digestion plants are better from an ecological point of view because they do not
need external fossil and electrical energy. If only one quarter of the biogenic waste is digest-
ed a plant can be self-sufficient in energy. The production of renewable energy has positive
consequences on nearly all impact categories because of savings of or compensation for
nuclear and fossil energy. This reduces the impacts of parameters such as radioactivity, dust,
SO,, CO, NO,, greenhouse gases, ozone deprehon acidification or carcinogenic substances.
Digestion plants could show even better ecobalances, if they were constructed near an indus-
try which could use the waste heat of electricity production all year round. On the contrary it
is nearly impossible to take advantage of waste heat while composting.

Conclusions

The statements made above, and reported by various authors lead, without any doubt, to:

e the confirmation that aerobic composting and anaerobic digestion are two valid biologi-
cally-based techniques that, if properly c?esigned and inserted in their surrounding redlity,
can both give valuable results in terms of both ecological and economical aspects.

e the conclusion that the industrial application of these two technologies has led conclusive-
ly to positive results, this is particuli) rly the case if the configuration is well-managed and
applied to the proper substrates (which can vary, for instance, in requirements for the water
content; i.e. drier substrates for composting and wetter substrates for digestion).

e the conclusion that the proper application of the different matrix leads to a various range
of different applications which are equally distributed between the two kinds of technolo-
gies. On the contrary, in these last years, the use of anaerobic digestion applications seems
to have been less significant than the use of composting technologies. This is incompre-
hensible since anaerobic digestion techniques have proven to offer substantial benefits,
complementary to composting techniques.
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According to these conclusions, it must be noted that:

e these technologies must be seen as real industrial applications and so due care should be
taken in order to treat them like industrial plants;

the development of these techniques, and their wider use, should be desirable to society in

general and in particular to political authorities involved in environmental management. This

is because they positively fit the Life Cycle Assessment approach.
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Compost - a burden on local authorities or
an opportunity for sustainable agriculture?
(Julio Berbel Vecino, Universitad de Cordoba)

Biowaste (sludge, manure, etc.) is a waste rich in organic matter, once the potentially haz-
ardous elements (metals, some organic compounds, pathogens) are prevented it becomes a
valuable input to Mediterranean soils. The over exp|F<>3ito’rion and advance of desertification
and loss of environmental quality due to poor soil conditions is a severe risk in many areas of
the EU. Mineral fertilizers can restore nitrogen and phosphorous but are unable to supply
organic matter which is essential to the adequate soil biomass environment. On the other hand
stricter norms on sludge and biowaste from the EU Directives will imply a higher cost to city
waste management, we will try to explain the impact of the new compost norms in cities.

Bio-waste (Spain'99)

100% W Urban: 12 Tm

50% [ Agroforestry: 125Tm
0%
1

Generation bio-waste There is a continuous increase in organic waste genera-

1996: (000 t/y) tion. In Zpoin sludge in 1998 was around 668 t, and is
Colease estimated by Ministry for 2006 in 1.300 t/y (150%

— increase above 96 data).

pain 528

UE-15 6.500

Spain 6.600
UE-15 60.000
Spain 80.000
UE-15 1.020.000
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BiowasteUrbanvs Rural

&Urban: 12 Tm/y

+ Organic waste
* Yard ‘green’ waste
+ Sludge

@Rural: 125 Tm/y
+ Agricultural and livestock extensive
+ Intensive farming
+ Processing plants for food, fibres and forestry.

Balance between use of organic waste in agriculture implies a compromise of two criteria:
pollution of soil and water
avoid exhaustion of mineral resources (phosphate rock)

Additionally use of sludge and other organic waste on soil implies:
- landfilling waste diversion

mineral nutrients savings

fossil fuel saving and Kioto goals

erosion control

nature protection through reduced mineral fertilizer

Environmental instruments (gen)

4@ NORMATIVE Stricter norms in (Hg, As,
contain,ban on CFC, landfill norms, etc.

@ECOMOMICS: Market and prices,
ECOTAX.

4 SOCIAL: Education.

= MAIN LOCAL INSTRUMENT ARE:
+ ECOTAX (LIMITED)
+ NORMATIVE (LIMITED)




OCDE (1997) favours an ‘integrated’ approach with the use of the three type of instruments:
- normative

- economical

- social

The advantage of economical against technical is that the first one poses a continuous incen-
tive to improve performance meanwhile the technical norms once are achieved there is not
incentive for further improvement.

Nevertheless for sludge, clear standards are needed in order to:
- risk avoidance

- nature protection

- and even market creation.

Economic instruments for environmental
policy

@ Taxes, compulsory payments to the State (or City) but not
related to resource use. Payments are related to income
rather than use.

Charges, compulsory payments related directly or
indirectly to the cost of cleaning the pollution or correct the
impact.

» Charges may be flat rate, or variable fee moving
from old general tax to PAYT systems.

Cities may use some economic instruments for sludge management, specially minimisation
and quality control.

Already water prices in most countries are set in order to pay the full cost of water supply and
sewage treatment (including sludge disposal).

Water price can be called an ‘ecotax’ as the amount of pollution both in quantity and qual-
ity can be supported fully by polluter.

Nevertheless approach and solutions for sludge treatment should as much as possible ‘cost
effective’ to avoid a burden on domestic user and companies.

OCDE (1999) Economic Instruments for Pollution Control and Natural Resources Management
in OCDE Countries: a Survey. Working Paper ENVEPOC/GEEl (98) 35/REV1.
http:/ /www.oecd.org/env/docs/ epocgeei9835.pdf
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‘Polluter pays’ (Dir 94/62)

- All activity should decrease environmental impact
adopting necessary measures and supporting the cost.

- Each polluting activity should bear directly the cost of
environmental solutions.

- This implies ‘internalise cost’:

- Social equity, when environmental cost is not supported
by polluter all society pays the cost, therefore socialising
the damages.

- Economic efficiency, as each activity / product
integrates ALL cost when decisions are made
(consumption or production).

Additionally to the directive 94/62 we should consider also the Water Framework Directive
(2000/EC) that in article 9 reads as follows.

<M.E. shall take into account of the principle of the recovery of the cost of services includ-
ing environmental (...) in accordance with the po||uteerqys principle’.

(...) water pricing policies provide adequate incentives for users to use water resources effi-
ciently ...>

This implies that user of water should pay the cost of sludge disposal in any case.

Finally financial equilibrium of city budgets requires the translation of price increases to
polluters.

¢, How it applies to MSW?

In many countries (e.g. Spain) solution for MSW is to
distribute cost, therefore packaging is attributed to
producers and the rest is paid by residents.

Waste charges R Non-package
and fees (inc. biowaste)
Green dot —| Packaging waste
Water price Sludge treatment
Sewage charges




chko?ing Directive translation to National Laws implies that producers should pay the full

cost of packaging waste management.

General MSW including biodegradable waste (25-50% of MSW) has different regulations in
Europe, the most common one implies city authority for full cost recovery through cﬁorges and
taxes.

UK local authorities are not allowed to fix taxes and other countries have an upper limit to
taxes such that they should lesser or equal to cost.

Water and sewage treatment is allowed the full cost recovery to polluter in most of the EU
countries.

The recent debate on WFD has highlighted this issue.

Nevertheless at the present level o% cost of sludge management it is around 3% of total price
of water and 12-15% over total cost sewage treatment.

$

BMP

e

E* Emax

Theoretically, as the polluter consumes water and produces s|uo|gbe the amount produced is not
ut as the normative imposes

the maximum when the polluter does not pays any externality,
higher cost to the polluter to the level ‘', the amount disposed is reduced. The shadowed area
‘t x @' is the value of the environmental protection.

Part of the protection to the environment creates employment for the management of the waste.
OCDE (1997). Environmental policies and employment.
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Effects of TopfelOrdinance

Germany 1991 1995 1998
Pack-waste 94,7 84,28 82,00
(Kg/per)
% decr. - -11,00% -13,40%

The success of the packaging ordinance can be seen in:

- prevention af source

- recycling goals achieved
This may be used a model to avoid mistakes and adopt valuable experience.
http:/ /www.gruener-punkt.de

Gains from recycling (com (9s) 463)

Material Waste (Kg) % Rec  Energy Savving Jobs

Ferrus 70.000 43 60-70% 100.000
Non Fe 3.500 57 60-95% 80.000

Paper 30.000 46 -- 60.000
Plastic 17.000 6 -- 60.000
Textiles  4.200 20 -- 20.000
Glass 7.400 50 20% 15.000

It is difficult to evaluate the employment created by stricter organic waste norms and by land-
fill directive application but it is obvious that more employment is need when organic waste
needs to be treated against landfilling the waste.
Regarding organic waste, the Ordinance on Bio-Wastes came into force Oct 1st 1998, and
has produced the following impact:

- separated collected biowaste from 1 million tons (1990) to 10. Million tons (2000)

- bio-composting plants from 130 (1990) to 500 (1997) and still growin
- According Bundesgiitegemeinschaft Kompost 4.000 people are emp|oyedq in the sector in

82 Germany 2000.



Consequences of packaging
directive on Cities

@ Increase cost both logistic and processing
(+30% -50%)

4@ Reduce landfill

@ Increase recycling

< Improve local sustainability

4 Create local jobs.

4@ Global effects positive

4@ FINANCIALLY NEUTRAL BY LAW.

The selective collection and recycling subsidies that packaging directive induced has moved
collection and treatment cost og waste globally an 30-50% increase.

This has saved landfill space (10-50% depending city).

Recycling rates increased in all materials, some of them reaching a technical maximum 90%
glass in some countries.

The Delors Report on Employment in Europe points out recycling and environmental services
as a source oF]obs in Europe. From the economic point of view, we are paying in this gener-
ation the environmental degradation, and when the option selected is more labour infensive
in comparison the environmental protection has a positive impact on employment. When the
proximity principle is applied, the jobs are demanded locally. (COM 97/592)

But the law also entitles cities to recover all cost in waste management (with the UK exception).

Precio
(EfTa)
Legislacion
—>
Pi=Pf
Qi Q2 Qf
Oferta de producto
(Ta/aio)
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The case of recycled paper minimum contain standard implies that demand curve moves right-
ward, i.e. There is a global increase in paper consumption. Obviously as supply is not pre-
pored to satisfy this increased demand (from Q, to Q,). At the new higher price capacity of
production grows to meet demand, the new dynamic equilibrium is at Qf with a higher con-
sumption of recycled material.

Unfortunately the case of sludge is a different situation as demand is not increased by any
normative because there are environmental and health risk that needs to be addressed.
Farmers and NGO have serious concerns about it.
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The figure shows the price of rec(?/ded paper during two decades, and we can see how it has
a floor around 25 USD/ton and prices move in the range 25 to 60 USD during almost 15
years.

The increase in paper price is the introduction of a minimum contain recycled dpcper by
Federal Law, price increases are explained by shortages in the supply that are solved at medi-
um term.

Result is the creation a growth both in demand and supply of recycled paper.

Landfill directive 99/31

@ Increase safety norms

@Ban on organic waste >25% (2016)
@ Increase management cost (x100%)
& Global effects positive

@(Aqain Costneutral for local
governments).




In general landfill directives assume a high level of environmental protection. We can define
it as a pure Normative instrument, but the real consequence is to be very selective in the treat-
ment of the different type of landfilled materials.

Landfill directive by setting stricter limits on dumping waste has a economic consequence by
increasing significantly the cost of landfill.

Obviously this increase of landfill cost has been softened by the support measures to preven-
tion and recyc|in? in the Fqckoging industry, but we LACK of similar policy in the organic frac-

tion of waste including sludge.

Problems with treatment bio-waste including
sludge

LANDFILL
@ Directive 1999/31: limits degradable

organic landfill from domestic origin by
35%, 50%, 75%) y makes ME to INCINERATION
develop a national strategy for
reaching these goals
*Social conflict

ENVIRONMANTAL PROBLEMS *High cost

@ Landscape use «Lack of flexibility

@ Odours .

@ CH, «Loss of organic matter
4@ H,0 pollution *Kioto goals

€@ Organic matter loss.

The most frequent options of sludge treatment are landfill and incineration, but the last one is

expensive due to the hiﬁh water contain in sludge.
Also we find social conflict with strong opposition fo incineration in Mediterranean countries.
Incineration of sludge due to the low calorific value is not very positive in environmental balance.

Ecotaxon landfill

@UK: 15 ?/tnoninert 3 7/t inert
@ B: inc. 620 Euro/t ; landfill-300 E/t

@ Dk: inc: 2743 E/t; landfill 450F:
landfill: 612 E/t

@ l: landfill 1026 E/t
@ Ned: landfill 28 E/t
@Sw: 30 E/t
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Most countries have set a landfill tax that increases additionally the price of dumping waste,
and this tax is selective on material that may be recycled. All Eu members (except Esp, Port,
Gre, Lux) have already a tax on landfilling that increases the relative cost of dumping waste
(http:/ /www.clubresiduos.org/informcer.htm).

Consequences of Dir.99/31 (gen)

@ Make recycling more attractive
@ Increase cost of landfill
@ Increase safety of landfill

@It is coordinatedwith packaging waste
and biowastenorms.

@High level of environmental quality

Landfill directive is complementary to Packaging directive and probably in the future with
compost and sludge directives.

By increasing the relative cost of a the of treatment (i.e. Landfill) the recycling option is more

favoured. This has been accompanied in the packaging waste but need to be done in the bio-
waste fraction.

Biowasterecycling and cities (I)

@ We should learn from packaging
@ Need of GLOBAL National plans
@ Needs for market creation:

= Standards

= Demand shift: private and public

@Integrated approach (demand depends
upon quality of sludge)




Following this line of reasoning, we should learn from packaging specially in the success in
minimisation by prevention as a response to eco-tax (green dot charges). Therefore, the trans-
lation of the principle of PPP will be an incentive to minimisation.

Also as in the packaging industry global (national and European) consortiums should be build
to co-ordinate efforts (such as the Ecoemballages, DDS systems, etc.).

The needs for recycling facilities creation through companies may be supported by these con-
sorfiums.

The recycling facilities for packaging (paper, glass, ferrous,..) should be built in the case of
bio-waste by co-operation between users and suppliers, by setting voluntary agreements and
standards.

Demand is quite different in the case of packaging and bio-waste, therefore Government
involvement is required.

Biowasterecycling and cities (II)

@Financial: PAYT, 100% of cost

= Most cities still run waste services with losses,
(e.g. Wiencover only 94% cost)

@Technical:
= R+D on methodologies for waste treatment
= Objective ‘risk assessment

@Economical: European integrated approach.

Most EU Member Estates give autonomy fo cities to set taxes on waste collection and treatment
with only the case of UK cities that are not allowed to set taxes. The legal framework varies
but we may say that any norm should be financially neutral to cities.

Nevertheless cost efficiency should be a goal by itself avoiding to charge taxpayers with
excessive economic pressure.

Research should be done to avoid unnecessary expensive treatments (e.g. Higienisation of
sludge when destination is incineration).

Objective risk assessment, probably too much stress is put into heavy metals from sludge when
no control is done in other sources (fertiliser, manure, atmospheric).

Also the European approach may apply the principle ‘think global, act locally’ and take into
account the need for organic matter in the Mediterranean soils.
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Cost effective approach

@Prevention by source control.

@ Soil focused control: i.e. Sewage sludge,
animal manures, compost and inorganic
fertilized under common rules.

@ Clear rules and stable framework for public
operators about: standards, mechanism of
control, legal responsibility.

@Enhance demand through collaboration with
farming systems (subsidies, R+D, etc.).

@Sludge management in Spain is around 3% of
full price of water or 12% of sewage cost.

Any legal and technical framework should be clear and stable to promote investment, both
public and private.

A strong support of farming system research should be done and it is necessary to create wide
consortiums for ‘living soils’.

Conclusion

@Clear rules and definitions.

4 Enhance demand of a product with
agronomic value through:
= technical control norms.
= economic and market rules.

@ Stable framework.
@ Prevention at source.
4@ Integrated approach for all organic waste.

Most of the Southern Europe lack proper conditions of organic contain in soils, and soil loss

and lack of fertility (with use of chemical fertilisers), therefore, organic resources contained by

sludge and other organic waste should not go to landfills and future application of EU direc-

tives will not allow that occur.

Therefore a movement towards conversion of waste into resource should be done and dlll

actors (cities, farmers, EU, member states, researchers) should co-operate to solve the techni-
88  cal and economical problems that will be obstacles to this conversion.



Composting and biological treatment in
Southern European Countries: an overview

(Liliana Cortellini, Environmental expert and Enzo Favonio, Scuola
Agraria del Parco di Monza Working Group on Composting)

Abstract

Recent policy developments have led to a fast growth for source separation of biowaste and
composting in Ito|r and Catalunya. Programs in France are also underway, whilst Portugal
and Greece are planning pilot projects in this field.

The purpose of this contribution is to describe latest and most significant developments in
composting of selected organic waste materials in Southern European Countries; the effects
played by recycling targets set out by latest laws and regulations on Integrated Management
of MSW and the contrigution of organic waste to those recycling targets gets examined.

The document provides some notes about:

- features and performances (quality, quantity) of source separation systems for food/green
waste in ltaly, Spain and France as compared to other EU Countries
the dimension of the “composting system” as to number of plants and their treatment
capacity and throughputs
specific features o? arming, and perspectives for use of compost in Mediterranean
Countries
effects of waste management policies and technical regulations on the development of bio-
logical treatment of Restwaste.

Introduction: The Potential Role Of Composting In Integrated Waste Management Strategies
In Southern Europe

Biodegrqdoble organic waste represents a significant fraction of waste. As far as MSW are con-
cerned, on a European basis 32% (Barth, 2000) is fermentable waste (yard and food waste).

This percentage is generally higher in Southern European Countries: according to a recent
study promoted by ﬁ1e Commission (ECOTEC, 2000), reported percentage of organic waste
is 44,1% in Spain, 33,6% in ltaly, 37% in Portugal, 47% in Greece; the only exception being
France with 28,8% (ADEME, 2000).

It can thus be said that, out of a total MSW production in Europe at 200 million tonnes (DHYV,
1997), 60,6 million tonnes are biodegradable organic waste (including food and yard
waste); 54% of total organic waste (33 million tonnes) should be coming form Soutﬁern
European Countries.

Other relevant biodegradable organic wastes are:
sewage sludge, which production is expected to increase from 27, 6 million tonnes in 1992
( dry matter content standardised at 20% ) to 41,67 million tonnes in 2005, as a simple
consequence to the implementation of EU Directive 21/271 on Urban Wastewaters
(Magoarou, 2000);
waste from food processing facilities: 15 million tonnes.

According to these numbers, recycling of biodegradable organic waste (fermentable frac-
tion of municipal solid waste, sludge, food Fprocessing waste etc.) is a priority in order to
fulfil the goals of recycling and limitation of landfilling. It is also consistent with the provi-
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sions of the EC Directive 99/31 on landfilling, that as for a sharp reduction of organic
waste o be landfilled.

Composting of source separated organic waste;

- plays an important role in an integrated waste management strategy which, according to
the principles established by the EC and Member States, give priority to the prevention and
recycling of materials over other options;

- itis a valuable tool in order to recycle the organic fraction of MSW;

- it significantly improves the agronomic quality and safety of sludge, and of other organic
waste and animal slurries to be land applied;

- itis a valuable source of well stabilised, humified organic matter; this is relevant in par-
ticular in Southern European Countries in order to maintain soil fertility, which is threat-
ened by the decreasing content of organic matter in the soil (lower than 2% in most

Regions); it therefore represents an effective, relevant tool to fight desertification.

The Development Of Programs For Source Separation Of Household Organic Waste In
Mediterranean Countries

We must above all underline the role that composting is gaining as a tool for integrated man-
agement of municipal waste; further to a growing number of provisions in national or local
legislation, and to mandatory programs outlined at a national level or in single Regions, a
growing number of districts in Southern Member States have lately adopted those strategies
already well developed in Central and Northern Europe, aiming at source segregation of the
organic fraction of municipal waste. During last years, the development has been particular-
ly noticeable in Northern ltaly and Catalunya.

In ltaly for instance some 600 Municipalities had already been reported to run source sepa-
ration programs for food waste early in 1999.

For the time being, the development of recycling programs mainly refers to Northern Italy,
though many programs are starting in central and southern regions; among these, note-
worthy is the situation in some districts in Abruzzo, where 2 municipalities were reported
in 1999 at more than 50% recycling rate thanks to door-to-door schemes for sorting food
waste.

Table 1 refers to the 1999 Table 1: Municipadlities and inhabitants involved in source

UPCIGfe; numbers are now |i|(e|y separation programs for food waste (update: Jan, 1999)
to be at more than 1000

Municipalities across ltaly (the

Municipalities Inhabitants

overall number of ltalian APz 11 76511
Monicioalif . . Campania 8 93.865
unicipalities being a bit more a
h ina | . Emilia-Romagna 36 218.682
than 8000). During last spring iguria 5 2500
and summer, many more towns Lombardia 329 3.027.950
- even among those with medi- Marche 2 5,000
um to high population — have  Piemonte 41 109.184
started separation of food  Toscana 12 113.724
waste in Southern ltaly: e.g.  Veneto 109 887.151
Matera (Some 60.000 people) Trentino — Alto Adige 26 46.012
and Battipaglia (60.000). The  Tofdl 576 4.583.979



most important fingerprint of such a development is represented by huge capital investments
to buy tools for source separation (trolley bins, buckets, bags, lorries) and to build compost-
ing plants; for instance, in September 2000 the Special Governmental Task Force
(“Commissariato”) for Waste Management in Campania awarded a tender for some 15 new
composting sites (averaging 5000 tonnes/year each) for source separated food and yard
waste, to be spread over Campania.

In parallel to the development of source separation, the number of composting sites for source
separated organic waste is steadily growing.

The main cause for such a growth in source separation of food and green waste has to be
found in recent developments of environmental policy. Decree 22/97, the National Waste
Management Law (Feb. 1997) sets a recycling goal at 35 % to be met within 2003. Source
separation of the organic waste is not compulsory, and it is just depicted as a “priority”. Still,
food waste source separation is a need in order to reach the meJ?um-term recycling targets
of 35 %. In effect, intensive collection of dry recyclables (paper, glass, plastic, etc.) does not
allow local authorities — in general — to meet such a goal (it has to be noted that home com-
posting and demolition debris are not included into the total figure of recycling rate). Thus,
most Regions and Provinces are including source separation of food waste in their Waste
Management Plans.

Source separation of food waste has already allowed some Provinces, Milan Province
included (some 190 Municipadlities, > 3.500.000 inhabitants), to meet the 2003 recycling
goal (35%), with many single Municipalities overcoming 60 %. 2 Provinces (Lecco and
Bergamo) have o|reqcf),/ overcome 45% recycling rate on aggregate. The use of specific
tools and systems for door-to-door source separation of food waste has proven to be effec-
tive with relevance to quantity and quality of food waste collected, and very cost-competi-
tive.

The collection of yard waste is even more developed, above all in such regions as Lombardia,
Veneto and Piemonte (some 4000 municipalities, 17.500.000 inhabitants) where it has been
made compulsory since 1994. Many other Regions, above all in Northern ltaly, such as Emilia
Romagna and Tuscany also are recording a wide extension of programs to collect yard waste,
even though they have no compulsory action in such respect.

The new legislation has enhanced the will of many Local Authorities to start and develop inno-
vative waste management programs. Actually, even before the issuing of Decree 22/97, in
some Municipalities and Provinces integrated programs to maximise recycling were run, espe-
cially due to local waste disposal crisis. The fl?rst Municipalities to run Bc;od waste separation
started towards 1990 while first wide territorial programs were implemented in years 1994
and 1995 in Lombardia. After the Decree has been issued, many Authorities responsible for
waste management planning have regarded recycling and composting as the main tool in
Waste management.

Biological treatment on the whole is experiencing a fast and huge growth in Spain, as well.

If we consider schemes for source segregation, Catalunya is undoubtedly becoming the lead-
ing situation in Spain. Actually source segregation of “bassura orgénica” (organic waste) has
been developed also in other areas, both rural and urban; among these latter, an outstand-
ing scheme — if we refer to the population covered - has already ?ong been run in Cordoba
(some 300.000 inhabitants), witﬁ pretty good outcomes; what has to be positively enlightened
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is the detailed assessment of operational features, costs, outcomes of the Cordoba scheme led
by the Public Cleansing Service itself, that witnesses a strong will to go further.

When we come to Catalunya (Gird, 2000), as per July 2000, 63 Municipalities were report-
ed to source separate biowaste, for an overall population of some 430.000 inhabitants (see
also table 2) the November update was yielding 72 Municipalities and 640.000 inhabitants;
in the Barcelona Metropolitan Area itse|2,/ they were 21 out of 33, covering 150.000 inhabi-
tants with a forecast development to 300.000 inhabitants within the end of year 2000. The
Catalan development takes it steps from a Regional Law (Law 6/93) sefting out compulsory
programs for the source segregation of organic waste in all Municipalities with a population
over 5000 inhabitants. This mandate affects 158 municipalities with a population of 5.3 mil-
lion inhabitants, or nearly 90% of Catalunya’s population. The remaining Municipalities, those
with populations under 5,000 inhabitants, are not required to comply, although tﬁey may par-
ticipate - and many are doing so - on a voluntary basis.

Though deadlines for the full development of programs set out back in 1993 had to be post-
poned, the strategy has steadily grown up ang will continue to be fully developed. The
Metropolitan Waste Management Plan sets a target for 350.000 tonnes biowaste (including
big producers) to be source separated by year 2006 (that means covering all the population
inside the Metropolitan Area).

Table 2: Source separation of biowaste in Catlunya: development of programs

Compulsory Voluntary
Municipalities > 5000 Municipalities < 5000 Total Municipalities

inhabitants inhabitants

Municipalities | Inhabitants Municipalities | Inhabitant Municipalities Inhabitants

Overdll | 158 | 5304724 | 786 | 785316 | 944 | 6,090,040
Schemes
until July 2000

49 ‘ 393,000 14 ‘ 40,000 ‘ 63 ‘ 433,000

Lately a similar regulatory approach has been adopted by the Spanish National Law on
Waste Management 10/98 and by the PNRU (Notionar Plan for the Management of
Municipal Waste) 2.000-2006, which specifies that all municipalities with a population above
5.000 inhabitants (within 2.001) and those with a population above 1.000 inhabitants (with-
in 2.006) have to run schemes for the source separation of municipal wastes. Though no fur-
ther explanation is provided for what materials should be tackled by schemes to be included
in “source separation”, it seems generally agreed that — also under the spur of what's hap-
pening in Catalunya — the strategy will also cover source segregation of organic waste. For
instance, it must be noted that a National Composting Programme has been defined accord-
ingly. In this programme targets and deadlines for recycling of organic matter by means of
composting, and anaerobic digestion, have been defined.

This led many Regions to include provisions for the development of programs for the source

segregation of organic waste in their local plans. Let's quote:
Comunitat Valenciana (Pla Integral de Residus de la Comunitat Valenciana)

O the Autonomous Waste Management Plan of the Autonomous Community of Madrid, with
provisions for separate collection of biowaste to be established as a general rule in a sec-
ond phase, as from 2003.

O Comunidad Auténoma de Aragén has included in its Plan de Ordenacién de la



Gestién de Residuos Sélidos Urbanos the implementation of the separate collection of
biowaste.

O Comunidad Auténoma de Castilla - La Mancha has also established in its Plan de Gestion
de Residuos Urbanos de Castilla — La Mancha the implementation of the separate col-
lection of biowaste.

O Comunitat Autonoma de les llles Balears, by means the Pla Director Sectorial per a la Gestié
dels Residus Urbans a Mallorca, and, in a near future, with the elaboration of the Pla
Director Sectorial per a la Gestié dels Residus a les llles Balears and the Law on Wastes for
the Balearic Islands, has also fixed the implementation of separate collection of biowaste.

Though Portugal has taken its steps in the field of mixed waste composting, so far, some pilot
schemes for source separation have already been planned. Within a few months source seg-
regated organic waste should be collected at least at big producers in Lisboa.

Coming to France, by far most of its current composting capacity of source separated materi-
als (some 800.000 tonnes) refers to yard waste.

Nonetheless, some 30 pilot programs for source segregation of biowaste (including food
waste) through doorstep schemes have been started. A summary table follows (tqg|e 5),
describing main features of the pilot schemes as described in national reports. At a glance, it
seems that French schemes lean on Central European models; that means the collection in most
situations of yard waste along with food waste in the same bin.

No reliable information has been made available, yet, to us on planned programs in the short
term for the source segregation of biowaste in Greece. ThougE composting of source sepa-
rated organic waste has been applied, in general it deals with sludge and agroindustrial Ey-
products. Nonetheless, in past years pi?ot scheme had been outlined in Crete island; fur-
thermore, we lately recorded a growing interest by committed officers and technicians - e.g.
towards the schemes run in other Countries, problems and tools for composting of food waste,
etc. - that let us think of next positive developments in this field.
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ets collected

e 9 -
alone, with no yard waste in it

food waste

Type of tool
Trolley bins 120-240
Bins 35 |
Aerated trolley bins 120 |
Trolley bins 120-240
Trolley bins 120-240
Trolley bins 120 |
Trolley bins 120-240

de

=%
of yard
waste
insi
Biowaste
10
20
5
35

R E
(L]

72
99
65

n
>f
2L
L
-]

100
100
100
100

Biode-
chets
Kg/inhab
year
0
90
46
155
140

30
178
110

popula-
tion
3.830
100
13.000
2.000
32.271
270
1.460
604.417

tst/a
600
310
4.510
260

Biodeche Covered
66.354

de la Region de la Villedieu du Clain

Communauté de Communes

du Pays Santon

Communauté de Communes
Ville de Niort

de la Vallée de I'Oise
Communauté de Communes

Communauté de Communes

des Duyes et Bléone
Communauté de Communes

segue
District
SIRTOM du Laonnois
du Canton de Clelles
TOTAL / AVERAGE

The Contribution Of Different Waste Mate-
rials To Recycling And The Importance Of
Sorting Food Waste

As source separation grows up, we get
important suggestions about items on which
efforts have to be concentrated in order to
reach high recycling rates. (Consorzio
Provinciale della Brianza Milanese, 1997;
Legambiente, 1998; Provincia di Lecco,
1997; Provincia di Lodi, 1998; Provincia di
Milano, 1998 a).

Traditionally, source separation systems
were meant to be simply added to com-
mon MSW collection. Recycling paper,
glass and plastics by means of road con-
tainers did not imply structural changes in
the MSW collection. With such systems,
separation rates range between 2 and
15%, depending above all on the frequency
of distribution of road containers, with fre-
quencies of less than 500 inhabitants/con-
tainer - per each material - performing
best. Table 4 reports on the maximum spe-
cific contributions of such systems for dif-
ferent waste materials.

Table 4: Maximum srecific contribution of dif-
ferent materials (values in kg inh" y'); out-

comes refer to situations with high frequency of
distribution of containers (1 every 400-500

people)

Material Specific contribution
(kg inh" y')

Glass (mixed) 20-30

Paper 20-30

Plastic containers 4-5

More recently, integrated source separation
systems have been introduced. “Integrated”
source separation means that higher sepa-
ration rates and above all the segregation
of compostable fractions such as food
waste, make it possible to change also the
features of collection systems for Restwaste.
In such respect, a central role is played by
food waste source separation. In ltaly the
contribution of food waste alone — when led
with “door-to-door” systems - accounts for
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some 60-90 kg inh™y" (Consorzio Brianza Milanese, 1998); these numbers have to be added
to yard trimmings (generally run with specific collection systems, different from schemes for
food waste) whose contribution ranges between 30 and 150 kg inh'y", depending on urban-
isation and diffusion of home composting. The overall contribution of compostable fractions
therefore averages a 20-40% recycling rate.

Very often, where the source separation of food waste gets applied, it is accompanied by the
introduction of door-to-door collection of paper. This allows separation of some 40-60 kg
inh'y" waste paper (Legambiente, 1998), that means 2 to 3 times more than the specific con-
tribution of collection through road containers. In general, we could say that door-to-door col-
lection is a powerful way to reach high recycling rates; this applies above all to those materi-
als whose contribution is relevant sui as paper and food waste.

From a quantitative point of view, fermentable material (food waste) accounts for a major per-
centage of MSW; and this is particularly true in Southern Europe. In Northern ltaly food waste

ercentage ranges between 27 and 40% out of total MSW; in Southern Regions they range
Eetween 35 and 50%, mainly due to lower presence of packaging in a poorer economy and
the custom to have meals at home with a lower use of pre-cooked and/or frozen products
(that produce less food waste). Many times in Mediterranean Countries food waste has been
reported to overpass 50% out of total Municipal Solid Waste.

Table 5: Waste composition in Soain As to Spain, as far as we know one of last official
. - - surveys (Medio Ambiente en Espafia 1998, numbers

Organic Matter 0k referring to 1997) has reportedIO an average compo-
Paper and boord ZLIIE% sition o?MSW (in weight) as expressed in table 5.
Plastics 10,59% Even at a first glance, the importance of food waste
Glass 6,93% to meet high recycling targets gets confirmed.

Ferrous Metals 3,43%

Non-Ferrous Metals 0,68% From a quantitative point of view, fermentable mate-
Wood Sch rial (food waste) accounts for a major percentage of
Textiles 4.81% MSW; and this is particularly true in Souﬁ—nern
Others 7,36 %

Europe. In Northern ltaly percentages of food waste
range between 25 and 40% out of total MSW:; in
Southern Regions they range between 35 and 50%, mainly due to lower presence of pack-
aging in a poorer economy and the custom fo have meals at home with a lower use of pre-
cooked oncf} or frozen products (that produce less food waste).

From a juolifoﬁve point of view, the more fermentable material g?efs sorted and recycled, the
less production of biogas and leachate is to be expected in landfilling and the better thermal
valorisation of “restwaste” can be envisaged.

Main Performances Of Sorting Schemes For Food Waste

Performances of schemes may be judged under many standpoints. The quantity of collected com-
postable waste is important indeec‘, though its outcomes must be carefully dealt with; for instance,
we should try to detect an overall growﬁw in waste collection in parallel to the development of
source separation programs, due to a high delivery of yard waste tEot previously was home-com-
posted. We dwell upon this subject elsewhere in these Proceedings (Favoino, Giro, 2001).

As to quality (table &), the material collected in doorstep programs shows on average a 97-
98% purity, well beyond a suitable target that could be set at a 90-95% purity, depending on



the plant sorting equipment; it has to be noted that with a 97% purity and more it is possible
to tip the material directly fo the composting section, without any pre-sorting step.

Table 6: Source separated food waste purity in some ltalian areas and municipalities
(sources: Provincia di Milano, 1998; Favoino, 1999; Bigliardi, 1998)

Area/Municipality Purity
Inhabitants (Compostable materials) % w/w

Milan Province

(March '98):

Albiate 4.713 98.8
Arese 19.230 98.1
Bellusco 5.971 98.4
Biassono 10.493 95.0
Brugherio 30.800 98.8
Buccinasco 23.890 96.5
Castano Primo 9.652 99.3
Cinisello Balsamo 75.650 98.2
Cologno Monzese 50.121 93.0
Desio 34.849 99.0
Melegnano 16.112 98.0
Monza 119.187 97 .4
Novate Milanese 20.028 94.3
Paderno Dugnano 44.748 93.7
Rosate 4.332 97 .4
Trezzo Sull'adda 11.177 98.1
Varedo 12.720 99.7
“Padoval” Basin (March '98)

26 Municipalities 203.429 98.7
Modena Province Nonantola

(March '98) 11.127 99.79
(April 98) 11.127 99.89

In ltaly and Spain, in general, where door-to-door collection of food waste is on place, yard
waste gets collected on a different, less intensive scheme; namely. through direct delivery by
households at Civic Amenity Sites (also named as “Piattaforme Ecologicﬁe” or “Ecocentri” in
ltaly, “Déchetteries” in France) or with a specific doorstep collection, but with a much lower
frequency; this is meant to make deliveries a bit more difficult and thus have yard waste man-
aged by households as a home-compostable material to the largest possible extent; this helps
keeping low the overall MSW production figure.

One point is to be specifically stressed. We have to underline that the recycling of dry frac-
tions and packaging materials (paper, glass, plastics, efc...) could lead — as an undesired
side-effect — to the concentration of the fermentable material inside “restwaste”, if food waste
is not effectively separated. This is what actually occurs even in those Countries (Germany,
Holland, Austria, etc.) where biowaste source separation has already gone a long way and
plays a major role in the overall environmental strategy; that means, in those Countries sepa-
ration of dry recyclables is more effective than that of food waste. For instance, in the
Netherlands and Germany, the percentage of food waste inside “restwaste” is often reported
to be at 40-50% (Wiemer, Kern, 1995; Baden Baden Amt fir Umweltschutz, 1996). Effective
schemes put in place in Italy, above all where a “door-to-door” is run, make the percentage
of organic waste inside Restwaste to fall below 15%, thanks to some specific features of col-
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lection schemes that make people feel pretty comfortable with the delivery of food waste (e.g.
high collection frequencies, use of watertight “Biobags”, etc.). This in turn makes it possible to
cut down collection frequencies for restwaste, that appears to be one of main tools to optimise
the system and make it cost-competitive.

Thanks to the optimisation tools put in place by door-to-door schemes (lower frequencies of
collection for restwaste, use of bulk lorries instead of compactors for the collection of food
waste, as bulky yard waste is not allowed to be delivered along, etc.), the collection system
has proven to be cost-competitive. Such features and performances of optimised collection
schemes get more thoroughly described elsewhere in these Proceedings (Favoino, Gird 2001).

In general, it could be said that where optimised door-to-door collection systems are run, the
overall waste collection costs (i.e. for food waste + restwaste + dry recyclables) may be simi-
lar or even lower than the previous costs of mixed MSW collection.

In a recent national survey, we recorded an average cost for mixed MSW collection of some
30-34 € /inh.year; overall costs for door-to-door systems sorting food waste were at some 25-
30 €/inh.year (details are reported elsewhere in these Proceedings, Favoino, 2000). Single
case-histories have confirmed positive trends on the way to an overall collection cost reduc-
tion following the implementation of door-to-door source separation (e.g. Cinisello, 75.000
inh., having cut the costs from 2,35 Million € down to 2,15 Million €). In the following
scheme we summarise those tools that are making it possible for many Municipalities to cut
down overall collection costs with door-to-door scEemes.

Usually the same effects cannot be expected for those situations where food waste gets sorted
through ‘road containers’. In such situations, a much lower quantity of food waste gets sepa-
rated — in general, by far less than 100 grams.inh™.day”, jue to the less comfortable situa-
tions for households; this in turn doesn’t o?|ow a less frequent collection for restwaste and the

collection of food waste is thus an “added cost” to previous costs of MSW collection; further-
more, road containers allow a high delivery of yard waste, and this asks for compacting vehi-
cles (packer trucks) to be used. Such systems are nowadays used in such Regions as Emilia-
Romagna and Tuscany; nevertheless, it often happens that Municipalities in those areas are
turning to door-to-door systems.

Details Applies where.....
Reduction of collection Effective systems fo collect food waste  ...frequent collection rounds are fre-
quency for “restwaste” — allowing people feel comfortable = used (warmer climates, such as

yield more than 180-220 grams. inh”.  Mediterranean ones)
day" and make its percentage in the
“Restwaste” fall below 15-20 % and less.

Use of bulk lorries instead of Bulk density of food waste on its own  ...collection of food waste is being

compactors is much higher (6-.7 kg/dm3) than managed in order to keep it separated
when biowaste is composed of both from collection of green waste (low volume
food and green waste bins available)

Cutting washing rounds/costs The use of “personal bins” and ...a “door — to — door” program is suit

watertight devices enables households  able (private space available)
to take care of bins on their own



The Composting Capacity In Some Southern European Countries

Italy

ltaly faced a significant development of source separated waste composting capacity in the
last ten years, also as a consequence of the implementation of the new regulation on waste
and the development of source collection.

According to the preliminary results of a survey from ANPA the number of plants increased
from 10 in 1993 to 114 in 1999 (135 if we consider also sites with a capacity of less than
1000 tonnes per year); in the same time frame, the source separated waste treatment
increased from 0,25 to 1,34 million tonnes (table 7).

Table 7: Trend of the composting capacity for source separated organic waste in ltaly
Source: ANPA

Number of composting Treatment of source separated waste
plants (1000* t/year)
1993 10 250
1994 26 450
1997 85 899
1999 137 1361

In 1999, 24% source separated waste treated in composting plant was food waste, 38% yard
waste, 27% sludge, 11% other organic waste materials

44 additional plants were not in operation, or under construction or planned, with an overalll
capacity of 0,63 million tonnes/year, so that the overall treatment capacity is expected to
increase shortly from 2,2 million tonnes in 1999 to 2,8 million tonnes.

The Italian “composting cqpaci?/', is mainly concentrated in Northern and Central regions;
however, more recently, many efforts have been made, in Southern Regions, in order to cover
the gap starting or increasing the composting capacity. This refers above all to Campania
(o||rec|<§3 mentioned), and Puglia; in this latter Region for instance, recently a tender has been
issued by the Governmental Task Force on Waste Management, aimed at building 8 large-
sized new composting plants. In many cases, public initiatives have been backed up or even
anticipated by private action, that Finci/s a growing place for profitable operational conditions,
as fees for landfilling are getting higher and higher.

As a consequence of the overall composting capacity, the production of high quality compost
in ltaly, in 1999, has been estimated at 600.000-650.000 tonnes.

ltaly show also a relevant treatment capacity of unsorted MSW. “Composting” of mixed
MSW or (more and more frequently) residual waste left over after source segregation of
recyclables, is nowadays being referred to as “stabilisation” and is undergoing a strategi-
cal change of role. We'll go back to assessing this role and its aim of bioﬁ)gicol treatment
of mixed MSW further on, at chapter 7. For the time being, we mention a survey carried
out by ANPA in 1999 that has recorded 41 mixed MSW sorting and stabilisation plants,
with a total capacity of 3,8 million tonnes of MSW, though their actual throughput has been
2,2 million tonnes.

99



SOIL & EUROPE
REPORT OF ROME INTE 18-19 GENNAIO 2001

100

Spain

The capacity of biological treatment is to date mostly covered by composting of unsorted waste
(production of “grey compost”). Composting facilities in different Regions are listed in table 8.

The overall composting capacity is reported at some 3 million tonnes of waste, mostly cov-
ered by plants for unsorted waste.

Consistently to the development of source separate collection, Catalunya is the Region with the
larger capacity of composting for source separated organic waste. Table 9 shows the present
cng expected short-term capacity in this Region.

A specific feature of the Spanish situation is that a large capacity for anaerobic digestion is
being developed, as mechanisms for public funding of capitorinvestmen’rs tend to mcﬁe it cost-
competitive. Just on the basis of projects already underway, the overall Spanish capacity for
anaerobic digestion will be likely to Le at some 2 million tonnes in the medium term; anyway,
as most facilities are meant to treat mixed MSW, the actual capacity of digesters will cover
only a minor flux (underflow materials stemming from primary screening), o?totql input waste
being delivered at the plant. To date, 8 plants are being built.

Table 8: Composting plants in Spain (update: late 2000) (Source: Generalitat de Catalunya,
Departament de Medi Ambient, Junta de Residus)

Mixed municipal waste

Operating Under Operating
Construction Construction
or planned or planned

Andalucia 2 0 2 8 1 8 10
Aragon 0 8 8 0 0 0 8
Asturias 0 0 0 0 0 0 0
lles baleares 0 1 1 1 1 2 3
Islas canarias 0 3 3 2 0 2 5
Cantabria 0 0 0 0 0 0 0
Castilla-La Mancha 0 0 0 3 1 4 4
Castilla y Leon 0 0 0 2 2 4 4
Catalunya* 9 8 17 0 0 0 17
Comunitat 0 10 10 8 3 11 21
Valenciana

Estremadura 0 0 0 0 2 2 2
Galicia 0 5 5 0 0 0 5
Madrid 1 0 1 2 2 4 5
Murcia 0 0 0 1 0 1 1
Navarra 1 1 2 0 0 0 2
Euskadi 1 0 1 0 0 0 1
La Rioja 0 0 0 0 0 0 0
Ceuta 0 0 0 0 0 0 0
Melilla 0 0 0 0 0 0 0
TOTAL Spain 11 39 50 26 12 38 88



Table 9: Present and short-term treatment capacity of composting plants for source separated or?anic

\Ifzvas_:’e ir)\ Catalunya (Spain).(Source: Generalitat de Catalunya, Departament de Medi Ambient, Junta de
eslaus

Operating Under construction Planned Total
Composting plants 9 5 8 17
Treatment capacity (fonnes/year) 122.900 165.020 140.000 427.920

(update: late 2000)
France

In France one of last surveys (ADEME, 2000), reported that, in 1998, 7% of MSW were com-
posted (1,9 million tonnes out of 26,5 million tonnes): 77 plant were treating mixed MSW.

Many facilities treating unsorted MSW are either being phased out, or converted into biological
treatment of Restwaste prior to landfilling, or upgraded to composting of source separated
biowaste.

With reference to yard waste, in 1998 800.000 tonnes had been composted in approximately
100 composting sites, most of them with low-tech features. Nonetheless, the development of
source separation of biowaste (see also chapter 2) is of course affecting a parallel growth of
facilities Fiph‘ed with technologies for process management and for odour treatment.

Composting As A Tool To Recover Humified Organic Matter: Use And Market Of Compost In
Mediterranean Agriculture

Here we would like to propose an assessment on the role of organic fertility in Mediterranean
Countries, and on related marketing conditions, on the basis of some specific data stemming
from the Italian situation.

Compost from source separated organic waste was for instance reported in ltaly at some 0,6
million tonnes in 1999 The product is mostly sold to growing media producers, who mix it with
other materials, bag and sell it. In such marketing conditions (Centemero, 1999), actual prices
range between 7 and 12 Euro.mc-1 (product screened at 10-15 mm mesh size, sold in bulk
at the plant).

Market conditions are favourable and provide a pretty sound confidence among the operators.
It seldom happens that quality compost is given to users free of charge (e.g. in those situations
where plant managers find the tipping fees already fully profitable or they just rely upon cost
savings in comparison fo landfilling or incineration); this happens, for instance, when a Public
Company runs a plant and has not a good knowledge of marketing conditions, neither skills
to develop marketing strategies. Most often, on the contrary, good marketing conditions are
fully exploited, above all when operators have established an effective marketing network.

It is noteworthy that it has not been unusual, so far, to have also compost stemming from mixed
MSW used and even marketed — above all in Southern, humus-consuming Regions; this holds
true even though mixed MSW compost has to be land-applied only at a maximum loading
rate and according to the principle of the so called ‘controlled use’, i.e. keeping a control on
soil quality before and after its use. In recent times, however, the awareness that only quali-
ty composted products stemming from source segregated materials have to be addressed as
useful tools to restore fertility is growing among farmers. Their Organisations are working with
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Research Centres to promote pilot trials, show farmers the advantage of using compost, and
tentatively find an agreement on prices and conditions.

In order to ensure visibility and better marketing conditions for good products, the Producers’
Association (CIC, ‘Consorzio ltaliano Compostatori’) is now about to promote the start-up of
a Quality Assurance System mirroring what has already been long dpone in Central Europe
(see, for instance, the “Bundesgitegemeinschaft Kompost” — Federal Association on the
Quality of Compost, Germany, or VLACO, Belgium, or KGVO, Austria, etc.)

There is a great awareness, among composting plant managers and research centres, that in
next future the use of compost in field crops has to be developed, beside that for potting mixes,
in order to back up the growth of compost production, that is forecast to grow many more
times as a mere consequence of provisions of Decree 22/97.

It has to be underlined that specific weather and cropping conditions determine — in general
- a huge request for organic matter in Mediterranean agriculture. Warm and dry climates and
the intensive, humus-consuming crops (e.g. horticulture, fruit culture) make soils hungry for
organic matter; decades of chemical fertilisation as a complete substitute for organic fertilisa-
tion have worsened the overall situation. We record many soils, not only in Souiern Regions,
but even in Northern flatlands, below 1.5 % organic matter. Moreover, the recent Dakar
Conference about desertification has shown that ltaly - as many other Mediterranean
Countries - is threatened by desertification.

Desertification affects Spain (mainly Southern and Eastern Regions), Portugal (above all
Alentejo), Southern France, Greece and ltaly (southern Regions and many Districts elsewhere):
27% of the ferritory is estimated to be vulnerable to desertification.

According to the Convention to fight desertification Italy issued the guidelines of the National
Action Plan”. Among measures to reduce the impact of the different human activities, com-
posting of source separated collection of MSW and of biodegradable waste from agricolture
is listed.

This picture leads, on the whole, to a favourable situation to promote the use of composted
materials. Many Farmers’ Associations are now addressing compost as a suitable tool to
restore ferti|iPl and allow the growth of those crops that best fit Mediterranean climate (e.g.
horticulture, fruit-trees, etc.).

More and more often Local Institutions outline programs and funding to promote the use of

compost to increase soil humus; most often, main provisions of such Programs are

¢ funding farmers with a certain sum per unit area where compost gets land applied

e the preference for composted products in Tenders for public green areas (gardens, parks)

. fundping farmers to replace old machinery when the new equipment is mechanically suit-
able to spread compost as an organic fertiliser; this is showing to be a new challenge for
the devech))pment of compost marketing conditions (Bisaglia, Centemero 1998).

Regione Emilia Romagna (in Northern Italy) for instance, established in the plan for the Rural
Development 2000-2006 a subsidy of 150 to 180 Euro per hectar to farmers taking the com-
mitment o improve soil fertility, including the use of compost from source separated biowaste,

* D.PC.M 26 Sept 1999. Linee guida del Piano di Azione nazionale per la lotta alla desertificazione (Guidelines of the
National Action Plan to fight desertification).



the incorporation of crop residues, minimum tillage and avoiding the application of not com-
posted sewage sludge.

In the same Region a regional law) (Regional Law 7 April 2000, n.25) has already been

issued that sets subsidies for farmers to fund:

- the purchase of soil improvers;

- the purchase of machinery suitable for spreading soil improvers and animal manure;

- sustainable soil tillage and soil management in order to maintain and improve the content
of organic matter in the soil.

Supporting the strategy on the agronomic side has to be foreseen in next future as one of the
key elements in a general strategy that targets full recovery of the role of organic matter in
agriculture from waste materials. Specific needs in Mediterranean conditions provide a rea-
sonable confidence to do it.

The Last Step: Biological Treatment Before Landfilling

Since a long time, studies on the environmental side-effects of landfilling have focused on the
importance fo cut to the maximum possible extent the fermentability o? the waste to be dis-
posed of. As fermentable waste undergoes anaerobic conditions, it produces biogas (includ-
ing methane, with a most noxious greenhouse effect), increases the chemical “strength” of
leachate, causes settlements in the Swpe of the landfill. All this means in turn a long-term
threat to groundwater and air, or at least a hurdle towards site reclamation; in any case it is
a bothering issue for land managers and the population dwelling around landfill sites. This is
why also the EC Directive 99/31 (about Landfilling) above il qis for biodegradable organ-
ic matter to be sharply cut down before landfilling.

Two ways are available to cut fermentability down: the first is source separation of fermentable
food waste; the second is any Cr)re-treq’rment (biological or thermal treatment) meant to
degrade fermentable volatile solids before “burying” the waste.

We've already mentioned that the recycling of dry fractions and packaging materials can
determine — as an undesired side-effect — the concentration of the fermentable material inside
“restwaste”, if food stuff is not effectively recycled (see above what has been mentioned as the
“concentration effect” inside restwaste, § 4). For instance, in the Netherlands and Germany,
the percentage of food waste inside “restwaste” is often reported to be at 40-50% (Wiemer,
Kern, 1995; Baden Baden Amt fir Umweltschutz, 1996); even in those ltalian experiences
were the most effective collection of food waste is reported, still we record percentages rang-
ing from 10 to 20 % food stuffs inside restwaste.

Therefore, generally speaking, source separation and pre-treatment have to be combined on
the way towards a sustqincb?e landfill management. How should pre-treatment be managed?
Firstly, we have to focus on methods to measure the stability (that is, the loss of fermentabili-
ty) of the waste to be landfilled. In order to have standardised measurements some methods
have already been proposed and used in the past. We would thus hereafter outline some pos-
sible ways to measure fermentability, and their influence on the development of an integrated
waste management system in Mediterranean Countries.

The first noteworthy attempt to regulate this issue has been made by Germany, that in TASi
(Technische Anleitungen — Siedlungsabfall, Technical Guidelines on Household Waste) asked
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for a 5% Volatile Solids content for the waste to be landfilled. We have to be aware that this
is equivalent to depict incineration as the only possible pretreatment. Is it a suitable approach?

Many studies have long been focusing on the substantial equivalence of biological pre-treat-
ment — the so called “cold” pre-treatment — in order to cut fermentability down (Leikam,
Stegmann, 1997). This refers both to the biogas-production attitude and to the chemical
“strength” of the resulting leachate, provide the biological treatment is long enough — and prop-
erly managed - to allow an effective microbial activity (Table 10). This is why Germany is now
meaning to allow all those treatments, inasmuch as they show to be equivalent (“gleichwertig”)
to the effects claimed by the TAS.

Table 10: Effects of biological pre-treatment (from: Leikam, Stegmann, 1997, modified)

Feature Final outcome % reduction
(as compared to initial)
Respiration rate 5mg O2/g d.m. (96 h) 90-95%
about 150 mg O2/kg VS.h

COD, < 100 mg/I about 90%

total N in leachate < 200 mg/I

Gas production attitude 20 |/kg d.m 90%

Volume final density (compacted): 1.2-1.4 t/m’ up to 60%

mass loss (due to mineralisation): 20-40%

Furthermore, if we enforced a test method — such as the content of Volatile Solids — whose limit
values could be met only through incineration, we would experience a much less “flexible”
system for Integrated Waste Management, especially where it is at starting point. Incinerators
— above all with BAT and Energy Recovery — could ge seen as a suitable option in the “waste
management chain”; though, be their adoption obliged, we would loose a main road towards
the growth of recycling. We know that incinerators have to work at a certain throughput. If
built before full development of recycling, this would hinder, for sure, a further growth of
source separation and material recycling above all where they are still low and are forecast
to undergo still a long growth: namely, many Mediterranean Countries.

Moreover, a biological treatment plant is suitable for future evolutions to become a quality com-
posting plant. This can be done even progressively — following the growth of source separation
- provide the biological section is “modular” enough, in order to use different bays, or f;nes, or
containers, or areas for quality composting, respectively for biological treatment of restwaste.

Above all, biological treatment seems to be a much more suitable option in areas less popu-
lated, with lower MSW production, that would not meet the capacities needed for an effective
incineration, or should face high transportation costs.

Lately some new methods have been proposed in order to better describe the positive effects
of biological treatment before landfilling. In general, they enable to describe more sharply —
as compared to VS content - the environmental attitude of waste to be landfilled.

In particular, most test methods are focusing on :

e the respiration rate (e.g. “Respirometric Index”)

e the biogas production attitude (e.g. “Géir-test”)

e the chemical strength of the leachate (e.g. COD, BOD/COD rate, etc.)

New draft regulations in ltaly, substantially set a certain IR (respirometric index) and BVS con-
tent (biodegradable volatile solids) to be attained. To focus only on biodegradable volatile



solids instead of total VS enables to avoid any interference on VS by undegradable or not eas-
ily degradable orgionic compounds (e.g. plastics, polyethylene, wood). Such an approach is
b

much more reliable than VS measurement to have a “true” description of undesired side-
effects related to landfilling.

Biological treatment of residual waste is therefore now bein% developed in Italy as Decree
22/97 asks for the waste to be pre-treated before being landfilled within July, 16st 2001.

Biological treatment for Restwaste is now targeted on different possible aims:

e stabilisation prior to landfilling

e increase of the calorific value of Restwaste before thermal valorisation, as in the Dry sta-
bilate method much developed in Germany

* use of organic amendments (“Grey compost” or “Stabilised Organic Fraction”, S.O.F.) for
land recﬁ:moﬁon. It has to be mentioned that the huge need of organic matter in
Mediterranean weather and cropping conditions (see § 5), leads to the need of saving
quality compost only for application in cropping and gardening.

Some Regions and Provinces have already issued guidelines and/or technical regulations to
allow the use of MSW compost for land reclamation (Favoino, 1998); their principles have
been taken over by a draft national regulation expected to be issued in next future. Such reg-
ulations rely upon the hypothesis of one-off applications (“una tantum”, only once) with high
loads in order to promote biological activities in surface soil layers on exploited mines, slopes
to be consolidated, anti-noise barriers, etc. As for use constrictions, regulations address above
all the need to check both:

¢ load of heavy metals and

* load of nitrogen

Conclusions

Recent developments in waste management show the evidence that many Regions in Southern
Europe are moving fast towards those strategies already developed in Central Europe. Source
separation and composting of food and yard waste, pf;y a key role in that. In fact, they are
envisaged as the only tool that enables Local Authorities to meet high recycling targets set out.
Source separation programs already in place, most of which concentrated in Northern Italy
and Cctoft)myo have widely shown the possibility to apply effectively to the Mediterranean
area as well as in Central Europe.

In general, operators and Local Authorities think that the legal framework will confirm in next
future composting and biological treatment as a main tool in the Integrated Waste Management
System. Provisions of national and local regulations, programs started to comply and technical
regulations already issued or on draft constitute, on the w?10|e, a powerful framework that can’t
be dismissed easily; that means that composting and biological treatment have gained a steady
role in the Infegrated Waste Management System also in Southern European Countries, in
order to overcome the present situation, still largely based on landfilling of unsorted, untreated
MSW. The recent Loncfﬁ” Directive, and its provisions about the reduction of biowaste to be
landfilled, has been envisaged as a further validation of the strategies to be developed.

Systems run for source separation of food waste have shown to be effective and can improve
some performances as compared to previous systems run in Europe. To summarise, it has been
shown that in doorstep programs:
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e there is a much bigger diversion of food waste from MSW — namely where a door-to-door
collection is adopted — as compared to Central Europe (this prevents the “concentration
effect” that has led the percentage of food scraps above 40% in Central Europe)

* hence, we record a lower tendency of “residual waste” to be fermentable, to produce
leachate and attract insects; this allows in turn a lower collection frequency for “restwaste”

e collection costs can be kept at a lower level by means of reducing collection frequency for
restwaste and using bulk lorries instead of packer trucks for food waste, as its bulk densi-
ty without yard waste gets much higher.

Specific features of agricultural and cropping conditions in Mediterranean Countries show the
need for huge quantities of composted materials. Central Institutions mean to support the pro-
motion of the recovery of organic waste; the risk of desertification provides FurtE er powerful
meanings to do that.

As seen from Southern Countries, with huge needs of organic matter to restore fertility, a com-

prehensive strategy for composting shou|3

* acknowledge qua|ic?f composted products stemming from source separated materials as
fertilisers to be used according to normal agronomic practises

¢ dllow the use of compost stemming form MSW (and most sludges, except the best ones,
suitable for production of high-quality composted products) in land reclamation projects;
consider that these projects ask for higher compost loads; allow those loads as in these pro-
jects compost is used not repeatedly (“one-off” applications) and sites are bound to be used
only for landscaping and forestry (no food crops).

The EC Directive 99/31 on Landfilling, wants the restwaste to be treated prior to landfilling.
Biological treatment is forecast to be an effective tool, and treatment sites are growing by num-
ber and overall capacity. In technical regulations related to landfilling, some Member States,
including ltaly, are choosing a flexible approach to pre-treatment endorsing biological treat-
ment as a suitable way to deal with restwaste, beside thermal treatment. Treatment plants may
have different goals:

¢ Pre-landfilling stabilisation

 Thermal valorisation (“dry stabilate” method)

¢ Use in land reclamation

Regulations to be issued should take into account that mixed MSW compost (also known as
SOF, “Stabilised Organic Fraction”) could find an appropriate utilisation in land reclamation.
The use of SOF (in ?ond reclamation) should back ﬁot of quality compost (in cropping, gar-
dening and nursery) to meet the huge need for organic matter, that is a main feature of the
Mediterranean agronomic conditions. We are well aware that:

¢ defining the use in land reclamation on a sound scientific basis and
¢ keeping separated roles and goals for quality composting and SOF production

will be some major challenges in next future.
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