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1. Introduction

In the last century, demographic growth and industrial development caused an increase in the use
of resources, a growth of consumption and an escalation of waste production. Waste management
has become an issue, both environmental and economic. Each year the EU produces nearly 2000
million tons of waste, from municipal sources, agricultural waste, energy industry waste, sewage
sludge, building rubble, industrial process waste, bulk waste etc. All of these products have to be
disposed of.

The total waste produced can be an empirical measure of impoverishment of the planet’s resources
which cannot be regenerated at the same rate as they are used. Excessive waste production can also
be a warning about the low efficiency of our production methods.

It is hard to trace a clear picture of how waste treatment is carried out in all EU member countries:
different ways of collecting information and producing statistics lead to very heterogeneous data
regarding waste production, composition and transportation.

This situation shows up in the 1995–98 results of OECD/Eurostat surveys on municipal and
household waste: statistical data about per-capita waste production vary significantly from one
country to another. These variations can be real differences in the amount of waste produced, but
can also result from non-standard techniques of data collection and processing.

In order to try to solve these relevant questions and obtain an actual view of the waste management
situation all over Europe, the OECD (Organisation for Economic Cooperation and Development),
the EEA (European Environment Agency) and Eurostat work jointly to define specific markers used
to delineate waste production, management, recovery and impact on the environment.

The Commission, in Decision 2000/532/EC, adopted the New European waste catalogue, a list of
common identification codes for hazardous and non-hazardous wastes to be used by all EU Member
States. In 2001, the Commission put forward a regulation on waste statistics, whose objective is to
establish a framework for EU statistics on waste generation and treatment, in order to design a more
effective waste policy.

2. European policy on waste management

During the last 30 years, the EU has given much attention to safeguarding environment and natural
resources.

Earlier EU/EC actions date to 1972 (Paris Summit) and they developed in four successive action
programmes. These programmes tried to solve ecological questions using a sectorial approach: they
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set up measures to limit pollution through the introduction of minimum standards, mostly concerned
with waste management.

In later years, after the introduction of the ‘sustainable development’ concept (Bruntland Report
1987) the EU approach to environmental questions changed radically. Sustainable development is
the development model that permits the present generation to satisfy its needs, without
compromising the life of future generations. From this new point of view, correct resource
management and the use of environmentally compatible technologies became priorities.

The UN Conference on Environment and Development or ‘Earth Summit’ (Rio de Janeiro 1992)
produced an important document: ‘Agenda 21’. This document analyses economic and social aspects
of development. In the chapters on waste management, ‘Agenda 21’ urged EU governments to
promote more efficient production processes in order to minimise waste and guarantee recycling and
reuse.

In the EU, the fifth action programme (1992–99) obliged Member States to follow ‘Agenda 21’
directives. The actual principles of ‘integrated waste management’ are clearly explained by Directive
91/156/EEC on waste and in the Communication from the Commission on the review of the
Community Strategy for Waste Management (COM(96) 399 def.), which underlines the need to
manage waste according to a hierarchical principle, to minimize impact on the environment: to reuse
and valorize materials, and to prioritise recovery using separate waste collection. Successive actions
may be combustion (with energy recovery) of high calorific value wastes or disposal in controlled
landfill for wastes that cannot be recovered in other way.

The recent EU sixth action programme ‘Environment 2010: Our future, our choice’ (COM-2001-31)
emphasises the need to control more strictly the amount and hazardousness of waste. The sixth
programme aims to guarantee that renewable and non-renewable resources consumption do not
exceed the maximum environment load capacity and to decouple economic growth from
environmental degradation.

Actions planned for the future imply better application of environmental regulation by Member States
(which often implement EU legislation late) and a deeper integration of environment questions in all
other EU policies such as transport, industry, energy and agriculture.

Greater collaboration is encouraged between industry and consumers to promote ecological
production and consumption models and better land-use planning.

More specifically, in order to reduce waste at source, the sixth programme promotes an integrated
products policy (IPP) in order to develop a market for environmentally-compatible products
throughout their life cycle. Industry has to work using eco-efficient methods, meaning it has to
reduce the amount of natural resources used to create a product or a service.
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In order to harmonize Member State legislation, the EU amended (2557/2001/EC) Annex V of
Council Regulation (EEC) No 259/93 on the supervision and control of waste shipment  within, into
and out of the EU). The principle adopted is that waste has to be disposed of as close as possible to
the source (proximity principle) and export of all sorts of non-recoverable waste is banned in all non-
OCSE countries (Basel Convention on the Control of Transboundary Movements of Hazardous
Wastes and Their Disposal, 93/98/EC).

Recently, the EU has adopted a series of directives, each concerning a particular kind of waste. The
directive on hazardous waste (94/31/EC) establishes clear rules for collection, handling and
recycling; Directive 94/62/EC is intended to reduce the environment impact of packaging systems,
promoting separate collection; Directive 91/692/EC on waste oils; Directive 96/59/EC on the
disposal of polychlorinated biphenyls and terphenyls (PCB/PCT); Directive 98/101/EC on batteries
and accumulators containing certain dangerous substances and Directive 2000/53/EC on end-of-life
vehicles.

The EU also began actions such as the eco-management and environment audit EMAS programme
and the European ecological scheme Ecolabel. These actions tend to encourage industry to adopt
higher levels of environment safeguards.

Financial tools have been introduced (such as the LIFE programme), and also technical tools
(ecological labelling for environmentally friendly products, tools to evaluate environmental impact
(VIA), environment inspections in Member States) and market tools (eco-taxes on non-ecological
products).

The objective is to reduce by the year 2010 the amount of disposable and hazardous waste to only
20 % of its value in 2000.

3. Municipal solid waste (MSW)

According to definitions used from 1996 in OECD/Eurostat surveys, municipal solid waste (MSW)
includes household waste and wastes of a similar nature  produced by commercial premises,
institutional wastes (schools, government offices, etc), market wastes and street/drain cleaning
wastes.

It constitutes a heterogeneous set of materials, each having properties varying according to where
and when they were produced.

EU Member States produce over 200 millions tonnes of MSW every year: this amount rises
constantly. Knowledge about chemical and physical properties of MSW is necessary to correctly plan
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an effective disposal strategy: indeed MSW may contain fractions with high calorific value and low
water content which can be used as fuel.

Other fractions do not contain organic carbon and are inert; others are composed of vegetal and
animal originated wastes that can be oxidised using a biological approach.

We can recognise the following fractions:

Organic material waste —  mainly food waste or vegetable and animal originated waste.

Paper and cardboard —  this kind of waste has a very variable composition, relating to source
(household, commercial centres, small industry areas, etc.) Packaging wastes are a big part of this
fraction.

Wood waste and garden waste —  production of this waste varies according to season. This
fraction also includes wooden packaging discards or obsolete goods.

Plastic and rubber —  polyethylene, polyethylene terephthalate (PET), polypropylene (PP),
expanded polyethylene, polyvinyl chloride (PVC), polyurethane, high-impact co-polymer. For
example: materials used to produce toys, motor vehicle parts, shoes, wrapping paper, beverages
bottles, chemical substances containers for domestic use.

Glass and inert materials —  glass comes from beverage containers, inert materials may be rubble,
crushed stones, etc. This fraction of waste does not take part in combustion process and it is found
unchanged in incineration ash.

Metals —  municipal solid wastes include metal aluminium containers for human and animal food.

Textiles —  can be produced from different sources: natural or synthetic fibres, clothes, curtains,
carpet etc. Sometimes cloths and rags polluted with organic solvents from machine shops,
mechanical workshops and similar enterprises are found. Rags generally have a high heating power.

Bulky waste —  large wastes such as appliances, furniture,  trees and branches, which cannot be
handled by normal MSW processing methods.

Non-classifiable —  all wastes not classifiable in preceding categories.

Knowledge of municipal waste composition is needed to define waste management and waste
treatment strategies.
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4. Integrated waste management

Waste, through recovery, is a valuable source of raw material and energy. The term ‘recovery’
denotes the set of activities (reuse, reprocessing, recycling), which allow recovery of resources
contained in wastes. These resources can be re-introduced in the production-consumption cycle.

The first target of an integrated management system is to add value to waste and recoverable
materials: separate collection is the tool used to reach this target. Giving a value to the dry fraction
with good calorific power is very important in order to recover resources from waste and to
minimize landfill. This choice is not as good as raw material recovery: it is used only when no other
form of recycling is possible (for technical or economic reasons).

Finally, landfill does not give any value to waste, so it has to contain only wastes which are inert and
not putrescible, coming from recovery or treatment operations.

5. Kinds of treatment

Solid waste treatment processes can be physical, chemical, biological and thermal.
Figure 1 shows a simplified scheme of technical options for MSW treatment  to recover energy and
raw materials.

 
Figure 1: From ‘Waste management Italia’: modified
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6. Raw material recovery

6.1. Separate collection of waste

Separate waste collection divides municipal waste into homogeneous fractions in order to recover
materials which can be reintroduced into the production cycle and which can be marketed.

Methods of separate collection (door-to-door collection, curbside collection, delivery in ‘ecological
islands’) are chosen by municipalities and private companies according to urbanisation, household
density and the socioeconomical level of interested areas.

Material recovery can be carried out through mono-material collections which allows interception
of a fraction of a specific waste and recovery (for example, paper, cardboard and glass collection):
collected material can be send to treatment plant without further processing.

Some cities practice multi-material collection: citizens use a single container to dispose of every kind
of recyclable waste; collected materials are separated in a second stage in a suitable selection plant.
This methodology is adopted in order to recover fractions for which mono-material collection would
be too expensive; a multi-material collection permits distribution of costs over more fractions each
with a different market value.

The above-mentioned methods are integrated with selective collection of fractions not addressed to
energy or material recovery: these fractions need a dedicated collection path in order to guarantee
a correct disposal process. Selective collection is used in case of hazardous waste (batteries, expired
medicines, oil) or bulky waste.

Separate collection recovers packaging wastes (plastic, tetrapack, paper, cardboard, glass, metals)
but, mainly, biodegradable waste, about two-thirds of municipal solid waste collected annually in
most European countries: these wastes (including organic household waste, food waste, garden
waste, leaves, grass cuttings, etc.) are sent for composting.

Material recovered through separate collection permits minimising of the use of virgin raw materials
in production cycles; for example, polyethylene coming from separate collection is used as an
intermediate layer between two layers of virgin plastic in containers or garbage bags; polyethylene
terephthalate recovered from beverage bottles is reused to produce car accessories or to produce raw
materials for the textile industry.

The above-mentioned materials can be recycled with chemical techniques (thermolysis,
hydrogenation, pyrolysis) in order to obtain basic monomer or medium quality synthetic crude oil.
Heterogeneous plastic materials (coming from non-separate waste collection) are recycled to make
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urban furniture, paving for cycle-tracks or children’s playgrounds, boxes for packaging, road signs,
pens, telephones and articles for office use.

Producing objects using recycled polymeric materials avoids the extraction, refining and
manufacturing phases: these phases have a serious impact on the environment, mainly due to the
energy used.

Cellulose packaging, recovered through separate collection, is sent for elimination of impurities, and
then delivered to paper mills. If recycling costs are too high (i.e. de-inking costs) these materials are
sent for energy recovery. Other substances, such as glass and metal, are molded to obtain raw
material, if they are unfit for recycling.

The EU promotes waste recovery through the use of separate waste collection. EU regulations fix
recycling standards that Member States have to respect: more specifically, in the proposed revision
of Directive 94/62/EC on packaging and packaging waste, the European Commission sets a target
of 60 % for the minimum recycling rate by 2006 and introduces different recycling targets for each
recoverable material (glass, paper, plastic) Targets are evaluated according to cost/benefit ratio of
recycling actions for each material.

The EU also delegates to producers the responsibility for managing waste resulting from their
production plants. This has led to greater attention to waste prevention and  minimisation, mainly
for packaging wastes. Research centres on ‘design for environment' have been started up in many
countries: these centres study how to modify products (design changes, optimisation of material
mechanical and physical properties) in order to reduce packaging; these centres also study
modification of packaging systems, for example reduction of weight/volume ratio or, more generally,
better packaging performance.

An example is the introduction of concentrated products or refills for cleansing or hygiene products:
the replacement of the traditional cardboard box by a polyethylene bag reduces packaging by 60 %.
Research aims to synthesise materials with properties similar to plastic which can be sent for
composting after use and to find solutions to make easier the recovery and recycle of products at the
end of their life cycle: these targets can be reached by adopting single-material production and
improving the compacting or dissassemblage capability.

Some Member States unilaterally began action to encourage material recovery. In Denmark, for
example, aluminium used for beverage cans has been entirely replaced by glass using a bring-back
system; in Helsinki a price policy encourages citizens to correctly separate wastes: tax rates vary
according to dustbin size, placing and delivery frequency.

Separate waste collection is a really profitable system from an environmental point of view: it reduces
the load on the environment caused by waste production and waste disposal through procedures like
incineration or landfill which have a massive impact. Nonetheless, separate waste collection is still
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not so widely used because it may be not profitable and because it is very hard to establish a real
market for recycled materials.

6.2. Composting

‘Composting’ turns organic biodegradable portion into damp fertiliser, named ‘compost’, using the
action of microbic flora, naturally contained in waste.

Transformation of organic material occurs through a controlled process of aerobic decomposition.
It develops in three subsequent phases, during which different bacterial and fungi species are active.
In the first stage of the process, called the mesophilous stage, the bacteria present in the waste
material release CO2 and water vapour, which increase the temperature and the quantity of organic
acids in the waste materials. When the temperature is between 40 and 50°C, most microorganisms
sensitive to heat do not survive and thermophilic bacteria replace them. These bacteria cause a
further increase of temperature to 70°C and an increase of pH, which release ammonia (thermophilic
stage). When thermophilic bacteria have no substratum, the compost becomes cold and the fungi and
the actinomycetes degrade cellulose materials, with the subsequent formation of humic acids. The
compost stabilises itself very slowly in the stage of the process called ‘maturing’.

The final product, refined, can be used in very different ways depending on the waste used in the
composting process. It can be used in agriculture as organic fertiliser, because it protects terrain from
continuous erosion caused by atmospheric agents. Moreover, it balances the impoverishment of
organic materials, reduces natural desertification and improves fertility of soils by increasing
permeability and water retention. It can also be sold as filling material for public works to recover
the environment of polluted areas.

The use and marketability of compost is highly dependent on its quality. In order to obtain a good
quality product, it is important to have a ‘clean’ organic raw material and this can be obtained
exclusively through separate waste collection. In the international context, an excellent target is a
purity degree of 93 % (compostable materials as a percentage of total collected wet waste).

In Germany and France, wet fraction purity of biological waste is about 95–98 %; in Italy, in the case
of separate house-to-house curbside collection of wet fraction, purity grades of 98 % are achieved.

Solid waste is not a good material for composting because it contains inert materials (glass, plastic,
metals) and slowly degradable materials (textiles, wool, leather, wood) that are not subject to
biological transformation.

Organic waste (recovered through mechanical separation of waste collected through non-separate
waste collection) can be used for composting but it produces low-quality compost which can hardly
be used or sold. Statistics on high quality compost show that it is totally bought by floriculture, fruit-
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growing, mushroom-growing, sylviculture; in all of this cases, produced compost does not entirely
satisfy market needs.

The composting of biodegradable waste is strongly promoted by the EU. The landfill directive
(1999/31/EC) stipulates that EU Member States must reduce the quantity of biodegradable municipal
waste (BMW) going to landfill. To meet these targets, Member States must carry out national
strategies to reduce the amount of biodegradable waste going to landfill to only  35 % of the amount
 produced in 1995 or the latest year before 1995 for which standardised Eurostat data is available.

Many European cities implement systems of management of biodegradable waste: they are so
successful, which can be used as a model. For example, in Baix Camp, in north-eastern Spain,
biodegradable waste (from hotels, schools, market, industry) is collected house-to-house and then
transported by lorry to the central composting plant. Here it is mixed with garden waste and ferments
for two or three weeks, then the organic fraction is left in a mechanical mixer and, after 14 weeks
it becomes compost, which is entirely re-sold to local farmers and used to manure orchards or olives.
The success of this scheme derives from the involvement of local households and from a good
advertising campaign.

In Italy, composting processes are used almost everywhere to produce fertilizers that respect national
Law 748/84 on fertilisers.

In many European cities, home composting is encouraged; in Munich, for example, families that want
to produce compost receive a subsidy of  EUR 40  from the municipality, useful to buy material
needed to compost waste. This sort of composting has some benefits: it reduces or eliminates impact
on environment due to waste transportation or waste treatment. Also, there is no need to find a
market for the compost, because people who produced it, use it.

7. Energy recovery

Municipal waste can be used to produce thermal  and/or electric energy through waste incineration.
Waste can be incinerated just after collection (unprocessed or minimally processed), after physical
processing  to recover dry fraction (which contains paper, wooden or cellulose products, rubber,
plastic) or through incineration of burnable slag not included in the separate collection process.

The dry fraction of municipal waste can be selected or made homogeneous in order to produce
refuse-derived fuel (RDF). RDF can be also used in smaller energy-production plants, as alternative
fuel in the cement industry or as a surrogate of coal in thermoelectric plants.

It is also possible to recover energy from landfills in which organic wastes are transformed into
biogas, a mix of methane and CO2 which can be intercepted and used after anaerobic decomposition.
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7.1. Waste incineration

Waste incineration is the process of complete oxidation of waste materials. A typical mass burn
MSW combustion has three main areas: an area used to receive waste, a furnace with post-
combustion chamber (PCC) and heat recovery sector, and an area to manage and purify effluent gas
before emitting it to the atmosphere.

The most common kinds of MSW combustion plants in Europe are the ones that use furnaces with
a grate (mainly used in Italy) or with a fluidised bed (used in Finland and Sweden). In furnaces with
grate systems, combustion occurs on a cast-iron or alloy-steel grate with movable elements capable
of moving forward and mixing waste at the same time. Movements of these elements are
independently adjustable in order to alter the incineration time of waste and to carry out complete
combustion.

Fluidised bed boilers come from solutions adopted in the chemical industry. Waste is plunged into
a vertical cylinder with a fixed grate that holds up a bed of inert material (sand + combustion ashes).
Air produced by combustion, coming from below the grate, keeps waste and inert material in a
suspension status (fluidification). This kind of plant permits high combustion efficiency and good heat
recovery; furthermore, it uses few moving mechanical elements. An inconvenience of this kind of
plant is the possible de-fluidification of the bed: it can be avoided by using homogeneous
combustibles like RDF. Experiments are in hand to modify the system to make it capable of burning
triturated MSW too.

A post-combustion chamber is always used to oxidise waste completely. A system of heat-
exchangers uses the heat of combustion gases to produce steam which then produces electricity using
groups of turbines and alternators.

Waste incineration can be considered an alternative energy source: MSW energy production is about
1 000 KJ/kg; moreover incineration reduces the amount of waste sent to landfill, eliminating negative
impacts on the environment (e.g. emission of methane into the atmosphere and pollution of ground
water due to percolation.)

The above-mentioned disposal technique is not largely used because it can create hazards for human
health and environment. Depending on the chemical composition of the waste and the operating
conditions, waste combustion generates primary products (CO2, water vapour and inert ashes) and
other compounds such as nitrous oxide, halogenic acids, sulphur oxides, heavy metal vapours and
micro-pollutants (due to incomplete combustion), polycyclic aromatic hydrocarbons (PAH),
polychlorodibenzodioxins (PCCD) and polychlorodibenzofurans (PCDF).

Recent incineration plants use innovative solutions to greatly reduce the impact on the environment:
for example, the cooling combustion gases pass through various stages of emission control. These



Waste Management in the EU … …

15 PE 322.354

include dry or wet scrubbers for removing acid gases (SOx, HCl), injection of reducing agents such
as ammonia or urea for controlling NOx emissions, activated carbon injection for dioxin control, and

finally particulate removal by filtration or electrostatic precipitators, before the cleansed gases are
discharged to the atmosphere. Moreover, incineration slag passes through processes that make it
inert and recover heavy metals before landfill; often the ash may be processed by stabilising and
grading to form a useful secondary construction material that can be used for low-grade applications
such as road or car-park base layers. Half of existing incinerators in the UK and all plants in the
Netherlands have an ash-processing facility.

An alternative to mass combustion is pyrolysis or gasification, useful for waste disposal and energy
recovery. In pyrolysis, waste is thermally processed, in the absence of air or other oxidants at a
temperature that permits the wood, paper or plastic to be transformed into polymeric products with
a lower molecular weight. This process is better than mass combustion because the absence of
oxidants prevents the generation of PCDD and PCDF. Operating temperatures limit sublimation and
vaporisation of metals.

Gasification is a process in which waste is managed in presence of gasification agents (air, water,
steam) and in reducing conditions (waste is not completely burnt). This process produces a gas and
a solid residue; both of them have a lower impact on the environment than original MSW.

These processes are not yet widely used in Europe due to the complexity of the plants and difficulties
in managing them.

In the UK, Waste Gas Technology of Romsey created a pilot plant which generates high-grade
hydrocarbon-based gas (methane and other natural gases). The plant has no additional side-effects
and it produces electricity with double the output of traditional plants.

Specific directives exist about municipal waste incineration for energy production.
Directive 89/369/EC concerns atmospheric pollution caused by new MSW incineration plants and
Directive 89/429/EC concerns the reduction of atmospheric pollution caused by existing plants.
These two directives provide for the incineration of 25 % of the waste produced in the EU. They set
standards for heavy metal emission, hydrochloric acid, hydrofluoric acid, sulphur dioxide and ashes;
moreover they classify existing incineration plants according to their capacity. More restrictive
regulations are used for bigger plants.

Additionally, Directive 94/67/EC sets guidelines for the reduction of negative effects on the
environment due to hazardous waste incineration. Starting from 2005, Directive 2000/76/EC will
be implemented, which combines and replaces the previous ones. This directive aims to define a
homogeneous reference for the thermal treatment of ‘all’ kinds of waste: it will limit impact on
environment and reduce hazards for human health. This new directive establishes strict operating
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conditions for incineration plants and emission standards for furans and dioxins (0.1 ng/m3

independent of the amount of incinerated waste). The use of homogeneous directives for all
combustion plants operating in the EU aims to limit or eliminate transboundary movements of waste
to plants with lower operating costs and lower or less strict environmental regulations.

7.2. Landfill gas recovery

Collection and combustion of ‘landfill gas’ is another method used to recover energy from waste.
Landfill gas is produced by the natural decomposition of organic matter in landfills (anaerobic
digestion). Composed of 40–60 % methane, with the remainder being largely carbon dioxide, landfill
gas has a gross heating value of about 17 000 KJ/m3, about half that of traditional natural gas. 

Collected gas can be used as a fuel for electricity generation plant or as a surrogate for coal-gas in
boilers.

Methods of collecting landfill gas depend upon the design of a particular landfill. Methane is a
potentially explosive gas; many landfills designed in the past 20 years have been built with a system
of pipes to collect methane. Landfills not built with methane collection systems can have small
diameter wells drilled and perforated plastic pipes installed to provide a collection and recovery
system. A system of wells and pumps is used to extract the gas.  Landfill can produce biogas for
some years, even for some decades. The quality of gas may vary a lot during this period.

Minimal pre-treatment is all that is usually needed before landfill gas can be used for power
generation, for example, the removal of condensed liquids and particles that can damage engines is
often sufficient. The most popular forms of prime mover for power generation are reciprocating
engines, mostly based on the spark-ignition design, but some plant also operates on compression-
ignition engines. Slightly larger landfills can use gas turbines that are similar to jet engines to generate
electricity and heat. Overall thermal efficiencies range from about 28–32 %, so gas turbines are more
efficient than reciprocating engines and are generally more tolerant of impurities in the gas. Finally,
large volumes of gas can be used to power a traditional thermal steam generating station. This
solution can handle most impurities and can also mix landfill gas with natural gas to increase
generating capacity when needed. Estimates of methane fluxes from landfills are subject to a great
deal of uncertainty. One of the greater difficulties comes from the highly heterogeneous pattern of
emission across the landfill surface.

Landfills use large areas that can be used in different ways, moreover they have a high risk of
pollution of deep or surface water due to percolation with heavy metal or ammonia that accumulates
in the soil, but the greatest problem is the generation of greenhouse gases.

The landfill directive (1999/31/EC) not only introduces requirements on Member States to reduce
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the amount of biodegradable wastes sent untreated to landfills, it also requires improvements in
environmental standards, in particular by requiring greater use of landfill gas collection and energy
recovery from methane, in order to reduce the main greenhouse gas impact of this waste
management option.

8. Environmental considerations

Waste management has a wide variety of impacts on the environment. Direct impacts of the waste
management cycle are the release in air, water and soil of chemical compounds and related hazards.
For example, emissions of CO2 and bio-aerosols from composting plants, gases and ashes produced
by incineration plants, methane emission from landfill with risk of fire, and water and soil pollution
from leachate formed as waste decomposes. There are also indirect emissions, for example effects
on environment due to waste transportation (emission of dust, risk of accidental spillage) or use of
electricity and water and noise production by treatment plants. It is also important to evaluate the
emissions avoided by recycling. For example, those associated with the extraction of virgin feedstock
are avoided by the recycling of waste. The use of compost avoids emissions associated with the
production of fertiliser, the energy recovered from incineration plants avoids the use of fossil fuels.
To evaluate waste treatment options we must look at all of these factors. Evaluating tools are life-
cycle analysis, which analyses environmental impact through the waste-management cycle and
environmental impact assessment, used to evaluate long or medium-term impact of a specific
treatment plant or of a component of it.

The integrated pollution prevention and control directive (96/61/EC) mandates the adoption of all
preventive actions to achieve a high level of environmental protection and the adoption of best
available techniques to obtain better safeguarding of natural resources.

9.  Data on production and treatment of municipal waste in the EU

Table 1: Municipal waste collected in the European Union: latest available data

Country Year Collected waste
Total amount (1 000 t)

Per capita (kg)
(Inhabitants/year)

Austria 1999 4 436 549
Belgium 1999 5 462 535
Denmark 1999 3 329 627
Finland 1999 2 400 465
France 1999 30 744 539
Germany 1998 39 801 485
Greece 1997 3 900 372
Ireland 1998 1 933 523
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Italy 1999 28 364 492
Luxembourg 1999 278 648
Netherlands 2000 9 691 611
Portugal 1999 4 364 437
Spain 1999 24 470 621
Sweden 1998 4 000 452
UK 1999 29 332 558

Source: Eurostat’s New Cronos database

It is difficult to compare the total amount of municipal waste collected in various countries because
different data-collection methods are used. Nevertheless, a comparison of data collected in former
years shows that total per-capita waste production increased in the last decade, though in some
regions or provinces, waste production clearly decreased (Saxony, Rheinland-Pfalz, Baden-
Wuerttemberg in Germany, Upper Normandy and Burgundy in France).

In detail, the data reveals growth of dry fraction (paper, cardboard, plastic, wood) coming from
packaging and a decrease of wet waste.

Source: Eurostat’s New Cronos database

In most EU countries, landfill is the most used disposal method because this option has economic
advantages (good profits and low managing costs) but it has a negative impact on the environment
and it does not permit recovery of material from waste.

EU directives stipulate that prices of waste disposal in landfill have to reflect real costs, operating
costs, estimated closing costs and future management costs for a period of 30 years. In many EU

Country Year Recycling Composting Incineration
with

energy recovery

Incineration
without

energy  recovery

Landfill

Austria 1999 1 061 1 792 456 — 1 553
Belgium 1998 1 982 831 1 149 233 1 473
Denmark 1999 820 476 1 672 — 361
Finland 1999 — — 196 — 1 446
France 1999 3 198 2 590 8 611 1 569 14 776
Germany 1998 — — — — 14 136
Greece 1997 307 32 — — —
Ireland 2000 192 17 — — 2093
Italy 1999 — 2 209 — — 21745
Luxembourg 1999 1 33 133 0 60
Netherlands 2000 2 191 2 338 3 944 0 1218
Portugal 1999 190 228 349 0 2603
Spain 1999 4 390 — 2 603 57 17477
Sweden 1998 1 000 300 1 400 — 1300
U.K. 1999 2 880 760 2 580 10 26850
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countries taxes have been introduced to increase the cost of landfill disposal, in order to promote
other waste recovery options more compatible with environmental protection.

In Italy, data collected and processed by ANPA  and Osservatorio Nazionale sui Rifiuti, reveals that
in 1999, about 75 % of municipal waste was disposed of in landfills. Recycling seems to be
increasing, but in many countries the recycling rate is lower than that requested by international
norms and national targets. This is the case in Ireland for example. Data processed by the Clean
Technology Centre, Cork Institute of Technology in its report ‘A strategy for developing recycling
markets in Ireland’ are evidence for this. The report underlines that the main barrier to recycling is
the lack of outlets for recycled materials. In Italy in 1999, only 13.08 % of waste were separately
collected (32,48 % of paper, 19.59 % of glass, 16.40 % of organic waste, 4.32 % plastic) and
85.15 % of municipal waste was collected in unseparated form.

Reuse systems too seem to be seriously non-homogeneous in European countries. In Denmark,
Germany and Finland this system is largely used in the drinks market, with a rate of use between 70
and 90 %. In Italy and in the United Kingdom this system is only used in specific market areas.

Organic waste composting is growing in Belgium, Spain, Austria and Italy more than in preceding
years. More waste is sent to composting and more composting plants have been created.

For thermal treatment it is not possible to found a general trend.  In Sweden and Denmark, for
example, the combustion of waste for energy purposes is considered to be an environmentally
acceptable means of handling waste, resulting in low emission levels and, on the whole, public
opinion is favourable. In Germany and Belgium too the amount of incinerated waste for energy
recovery purposes increased during the last year, but in some other countries, e.g. in the UK and
Finland, public concerns have resulted in a significant slowing down of the rate of deployment. In
Finland only a small fraction of waste is incinerated with energy recovery although, during the last
years, VTT Energy  is studying and developing new systems of energy recovery for various waste
fractions. In Italy, in 1999, about 2.1 million tonnes (about 7.5 % of total waste) of MSW was sent
to incineration, with or without energy recovery. Electricity recovered through municipal waste
combustion, amounted to 650 MWhe/a2 and thermal energy recovered was 932 MWht/a3. This is
an increase compared to 1997 of incinerated waste quota, but this increase is still not sufficient
compared to total amounts of MSW. It is below energy recovery rates of other EU countries.

In Portugal, this option of treatment plays a marginal role and in Ireland incineration is totally absent.

An example of an integrated waste management policy currently implemented in the EU, is the
Danish waste model. Supreme authority in waste matters is the Danish EPA. Danish waste policy
comprises both prevention and handling of waste. The most important objective is to reduce waste
amounts. In Denmark some 60 % of all waste is recycled. Waste is incinerated when it cannot be
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recycled, and when residues from incineration do not cause environmental problems. Energy is
recovered for generation of power and heating. Further, landfill of waste suitable for incineration is
banned. One of the main targets of the Danish Government’s waste management plan is to exploit
resources in waste better and to reduce environmental impacts. Several waste types that used to be
incinerated or landfilled shall in future be collected and treated separately. The Danish waste model
is based on a combination of traditional administrative instruments (acts, orders, circulars), and
various economic instruments covering taxes and charges as well as subsidy schemes and
agreements, and packaging deposit-return systems. In Denmark, there is a general State tax on
waste. The waste tax is differentiated so that it is more expensive to landfill waste, cheaper to
incinerate it and tax exempt to recycle it. Also, there are the so-called ‘green’ taxes on packaging,
plastic bags, disposable tableware and nickel-cadmium batteries. In addition, deposit-and-return
systems have been established for a number of packaging types. For example, packages for beer and
carbonated soft drinks must be covered by a deposit-and-return system. Subsidies may also be
granted for projects that aim to reduce waste by, for example, developing new forms of treatment.
The incineration of waste generates residues: slag and flue gas cleaning waste.  75 % of slag is
recycled in building and construction works. In future, greater attention shall be paid to
environmental aspects related to slag recycling.

10. Conclusions

The model of MSW management now used by the EU considers waste as a raw material and an
energy source. The employment of these two kinds of recovery is strictly bound by economic
considerations. Nevertheless, the best available technologies allow minimisation of environmental
impact associated with each kind of treatment, raw material recovery through separate waste
collection is the option with the least impact on the environment. The lack of a market for recycled
products is the chief obstacle to wide diffusion of this kind of treatment but in various Member
States’ actions are to be adopted in order to face this question. For example, some months ago, Italy
started up a telematic platform for enterprises wanting to exchange recoverable waste and raw
material coming from recycling processes. Not only are technologies important but also, citizen
involvement is critical for waste treatment processes, above all in the case of separate waste
collection. Most advanced countries in waste management are the ones in which an ‘ecological
awareness’ is present. Therefore, locally and regionally constant information and instruction of
citizens, through education programmes, advertising campaigns and web sites is a necessary adjunct.
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