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Waste-to-energy in Denmark

Summary

Owing to visionary environmental and energy policies combined with coherent public
planning, Denmark has developed the most efficient waste management system in Europe.

In Denmark the municipalities are responsible
for the management of all waste. They have
the responsibility and decision-making author-
ity for the collection and treatment of house-
hold waste and control the flow of commercial
and industrial waste to assigned treatment and
disposal facilities.

In order to recover the resources of the waste
the first priority is to reuse or recycle it. The
residual waste is either incinerated at waste-
to-energy facilities or, as the last resort, land-
filled. Denmark was the first country in Europe
to introduce a ban on landfilling of waste suit-
able for incineration. This has proven to be a
major benefit to the Danish economy and the
environment.

At the end of 2005 Denmark had 29 waste-
to-energy facilities that treated a total of 3.5
million tonnes of waste, which corresponds
to roughly 26 per cent of the total waste
generated in Denmark. Environmentally
friendly electricity and district heating are
produced from this waste, corresponding to
the energy consumption of approx. 400,000
households. The existing legislation on en-
vironmental protection, heat and electricity
supply ensures favourable framework con-
ditions for waste incineration in Denmark.
This has made Denmark the country in Eu-

rope that incinerates the greatest amount of

waste per capita — under very strict environ-
mental regulations.

By far the majority of the facilities are owned
by municipalities or inter-municipal compa-
nies. The municipal cooperation secures the
establishment of the necessary incineration
capacity. Moreover, it ensures that the waste is
managed according to the principles of prox-
imity and self-sufficiency. The waste-to-ener-
gy facilities are operated by non-profit compa-
nies, based on a cost coverage principle. This
is why households, commerce and industry
can have their waste treated in a safe and envi-
ronmentally friendly manner at low cost.

The gate fee at waste-to-energy facilities in
Denmark is one of the lowest in Europe and
amounts to only DKK200 (€27) per tonne of
waste (excluding taxes and VAT). The low
gate fee is attributable to the efficiently oper-
ated facilities on the one hand and to the exten-
sive energy recovery on the other.

For the individual household, waste treatment
by incineration typically costs the same as the
household’s waste collection bag, i.e. less than
DKK2.5 (€0.33) a week. The greater proportion
of the waste management costs is therefore to fi-
nance the cost of collection, schemes for bulky
waste/recycling and hazardous waste as well as
taxes and VAT. Furthermore, studies have shown

that heat from waste-to-energy facilities is gener-
ally the cheapest source of heating in Denmark.

The prominence of waste-to-energy differs
widely from country to country in Europe.
Apart from Denmark, waste-to-energy is most
widespread in Sweden, Switzerland, the Neth-
erlands and Germany. In these countries local
governments play a significant role in the or-
ganisation of the waste sector. In countries like
the UK, where waste is primarily managed by
private companies, the greater proportion of the
waste is still landfilled and waste-to-energy is
less widespread and at relatively high cost.

Incineration of waste in Denmark is extreme-
ly efficient, and it is therefore highly unlikely
that a reorganisation would lead to improve-
ments and lower gate fees. A recent study per-
formed by the Danish Environmental Protec-
tion Agency concluded that, ‘all in all it is
unlikely that any significant socio-economic
benefit would follow from contracting out the
task of incineration or liberating the waste
Sflow, ownership and pricing.’

The possibility of obtaining limited benefits
from efficiency improvement should therefore
be carefully weighed against the risk of liber-
alisation in relation to particularly prices, en-
vironmentally safe waste treatment and secu-
rity of supply (heat and electricity).
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Development of the waste-to-energy sector

The growing urbanisation in the middle of
the 19th Century made it necessary to bring
the urban sanitary conditions under control.
An act from 1858 stipulated that Copenha-
gen and all provincial towns in Denmark
should adopt sanitary regulations. From
this emanated the present system in which
the municipalities take care of water sup-
ply, sewerage and waste management. At
about the same time the first Danish gas-
works were built and towards the end of the
century the first electricity works were con-
structed, both owned by municipalities. Lat-
er on, district heating also became a typical
municipal task. In many of the towns these
activities were gathered under the joint
term of ‘The municipal works'.

The waste collected was landfilled, and at the
end of the day it was often burnt. But already
by the year 1900 Frederiksberg — an enclave
located in the middle of Copenhagen — had
run out of available sites for landfills. As a re-
sult the municipality built the first waste in-
cineration plant in Denmark, inaugurated in
1903. The energy generated in the process
was used for the production of both heat
and electricity. The heat was sold to an adja-
cent hospital. In this way, Frederiksberg also
became the first municipality in Denmark to
establish a district heating system.

The same situation occurred in two other
Danish municipalities, Gentofte and Aar-

hus, in the 1930s. By the outbreak of the
Second World War, Denmark had three
municipal waste incineration plants, all
with energy recovery. The war and the im-
mediate post-war years delayed the fur-
ther development of waste incineration,
but around 1960 it picked up again. The
desire to be able to discard waste in a san-
itary manner combined with the realisation
that district heating was an appropriate
method of heating further drove this de-
velopment.

The first of these new plants only served one
municipality, but in 1965 the first inter-mu-
nicipal companies were formed for the pur-
pose of establishing and operating a plant
for the incineration of the waste generated
in the owner municipalities. This has since
become the predominant way of organising
waste-to-energy facilities in Denmark.

By 1982 Denmark had 48 waste-to-energy
facilities. Since then many of the smaller
facilities have been closed down and re-
placed by a few larger ones. By the end of
2005, Denmark had 29 facilities, 21 of which
are municipal or inter-municipal.

Further information on the history of waste
incineration in Denmark may be found in
100 Years of Waste Incineration in Den-
mark’ (Heron Kleis and Sgren Dalager, Bab-
cock & Wilcox Valund and Rambagall, 2004).

Organisation

Framework conditions

According to the Danish Environmental Pro-
tection Act the municipalities are responsi-
ble for waste management in Denmark. For
many years, it has been their task to collect,
treat and dispose of general household waste.
Originally, the waste was landfilled, but after
1960 incineration with energy recovery start-
ed to gain ground, and by 1982 the number of
waste-to-energy facilities had reached 48.

Up until 1973 waste management was by
and large not subject to any regulation, but in
1973 the Environmental Protection Act was
adopted. The same year the first internation-
al oil crisis emerged, which made it clear to
Denmark that it needed an energy policy with
greater security of supply, while reducing the
country’s reliance upon oil.

Today, both waste management and energy
production are subject to extensive regula-
tions. Waste must first and foremost be reused
or recycled. The fraction of the waste that is
suitable for incineration and that cannot be re-
used or recycled must be incinerated in incin-
eration facilities with energy recovery. Only
waste that cannot be reused, recycled or incin-
erated may be landfilled.

The energy must primarily be recovered in
combined heat and power (CHP) plants, i.c.
facilities that produce both electricity and heat
in the form of district heating. All large and
medium-sized waste-to-energy facilities have
therefore been converted to CHP production
during the last 10 years. In addition, the en-
ergy policy has promoted a significant exten-
sion of the district heating supply.

This policy is further supported by taxes on
waste for incineration and landfilling as well as
on fossil fuels and electricity and by subsidies
for electricity generated by waste incineration.

All in all, this has created favourable condi-
tions for incineration of waste with energy re-
covery in Denmark — while at the same time
securing that the greater part of the waste is
reused or recycled.
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Waste flow control

Since 1989 the municipalities have been re-
sponsible for managing all waste generated
within their own boundaries. The municipali-
ties are therefore also obliged to assign treat-
ment and disposal facilities for commercial
and industrial waste. In return, the producers
of commercial and industrial waste are obliged
to use the facilities assigned by the municipali-
ties. This is commonly known as flow control.

One of the consequences of this flow control
system is that each municipality — in its own
right or through an inter-municipal waste man-
agement company — must have incineration
and landfill capacity. Usually, the municipali-
ties require that the waste should be delivered
at the waste-to-energy or landfill facility that
they co-own. In this way, proximity and self-
sufficiency are ensured in the management of
the waste.

The flow control obligation also means that
the municipalities must manage the waste pro-
duced by commerce and industry, which can
be an important issue when new companies
wish to establish themselves in the municipal-
ity. The flow control obligation ensures that
the responsibility for the waste is taken off the
companies and that there is always available
treatment capacity.

Waste arisings

In 2003 the total amount of waste generated
in Denmark was 12.7 million tonnes. Of this
amount 8.4 million tonnes was reused or recy-
cled, while 1.0 million tonnes was landfilled.

The remaining 3.3 million tonnes, correspond-
ing to 26 per cent of the total amount of waste,
was incinerated. General household waste ac-
counted for a little less than 1.5 million tonnes,
while waste from the service sector amount-
ed to 800,000 tonnes. Bulky waste, industrial
waste and waste from wastewater treatment
plants amounted to approx. 300,000 tonnes
each, while construction and demolition waste
represented 100,000 tonnes.

Regulations governing waste management in Denmark

Originally, the municipalities were only
obliged to collect and dispose of house-
hold waste. However, in the 1980s com-
merce and industry found it increasingly
difficult to dispose of their waste. As at the
same time stricter waste flow control was
called for in order to maximise re-use and
recycling, it was decided to let the local au-
thorities manage all waste as from 1989.

The rules are laid down in the Danish Envi-
ronmental Protection Act and in the Waste
Order issued by the Danish Ministry of the
Environment (presently no. 619 of 27 June
2000 with later amendments).

The Act stipulates that the municipalities are
responsible for waste management. They must
register the existing waste arisings and pre-
pare plans for the management of the waste
as well as regulations determining the extent
and administration of the waste schemes. The
Waste Order also requires that the municipali-
ties must assign waste treatment and disposal
facilities for all waste, which in turn must be ad-
hered to by the waste producers.

Denmark has introduced the term ‘waste
suitable for incineration’. As from 1997
the municipalities had to assign incinera-
tion facilities with energy recovery for re-
sidual waste suitable for incineration. In
other words, from 1997 waste suitable
for incineration could no longer be land-

filled.

Hence, Denmark was the first country in
Europe to introduce a ban on landfilling
of waste suitable for incineration. Landfill
bans are now part of the EU waste strat-
egy and were recently introduced in Swe-
den and Germany.

In general, it is prohibited to export
waste for disposal. The Danish Environ-
mental Protection Agency may, however,
allow certain waste types to be exported,
such as residues from flue gas treatment
at waste-to-energy facilities, for which
there are no suitable treatment plants in
Denmark. This also requires permission
by the environmental authorities of the
country of destination (see also p. 20).
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Inter-municipal waste management companies

Most of the Danish municipalities are too
small to be able to handle the waste treat-
ment tasks that have been imposed on them
in an economically viable manner. As a na-
tural consequence, joint waste treatment fa-
cilities have been established. Today, Den-
mark has approximately 40 inter-municipal
waste management companies nationwide.

These public companies are led by a board
consisting of municipal council members
from the owner municipalities. In this way
local anchoring/ownership is ensured.

Sixteen of the waste management compa-
nies fully or partly own a waste-to-energy
facility. They are all partnerships in which
the owner municipalities have joint and
several liability to the full extent of their
assets for the company’s activities and
obligations. The same rules apply to the
company as if the tasks had been main-
tained within the framework of the indivi-
dual municipality.

In addition to incinerating waste, most of
the companies also carry out other wa-
ste management tasks. Some of them,
for example, also distribute the heat ge-
nerated from the incineration process
through their own district heating sy-
stems.

Costs that cannot be covered by the sale
of the energy generated must be cove-
red by a gate fee, which is charged on the
basis of the registered waste amounts.
However the companies are non-pro-
fit organisations and therefore the gate
fee is fixed in such a way that it only co-
vers the costs that cannot be recovered
by the earnings generated from the sale
of energy.

The companies and the municipalities
have together with local district heating
companies secured the basis for recovery
and extensive utilisation of the energy
produced from the waste.

vvaste amounts (million tonnes)

The development from 1994 to 2003 in waste
amounts and treatment is illustrated below.

The amount of waste incinerated has increased
during the past 10 years from 2.2 to 3.3 mil-
lion tonnes annually, while the amount of
waste landfilled has decreased by about the
same amount.

Organisation of the
waste-to-energy sector

Around 1965 the first inter-municipal waste
management companies were established for
the purpose of managing the incineration of
the waste that was collected in the owner mu-
nicipalities.

The two oil crises in the 1970s and the conse-
quent extension of the district heating systems
contributed to this development. The basis for
establishing waste-to-energy facilities with
treatment capacities in excess of that required
for the waste generated within the municipal-
ity where the facility was located had been
formed. A number of originally municipal fa-
cilities now became the backbone of newly es-
tablished inter-municipal partnerships.

At the end of 2005 there were 29 waste-to-
energy facilities in Denmark.

Twenty-one of these facilities are publicly
owned by one or more municipalities, while
eight are owned and operated by energy com-
panies. These facilities have made binding
agreements with the municipalities for treat-
ment of the waste suitable for incineration
generated in these municipalities. In this way,
the energy companies’ waste-to-energy facili-
ties act as contractors for the municipalities in-
volved.

Waste treatment and disposal
in 1994 and 2003 (Denmark)
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The Danish

waste-to-energy

facilities

Bunker

Furnace

Scrubbers

Dioxin filter

Sectional view through a waste-to-energy facility with steam boiler and flue gas treatment

Design of
waste-to-energy facilities

Waste is incinerated in special facilities de-
signed and built specifically for the purpose of
disposing of waste from households and enter-
prises while producing energy.

A waste-to-energy facility consists of the fol-
lowing main components: a reception and waste
feeding system, one or more incineration units
complete with bottom ash handling system,
boiler, flue gas treatment system and stack.

As with all other energy generation facilities,
waste-to-energy facilities are designed in accord-
ance with the specific properties of the fuel. Waste
is far more complex than conventional fuels.

If the facility is a CHP plant, the boiler is a
steam boiler. The steam produced is led to a
steam turbine, which drives a power generator.
The residual heat of the steam is recovered for
the production of district heating.

The facility is dimensioned in accordance with

the waste arisings as well as with the potential
for selling heat for district heating. With a view
to optimising heat sales, waste that does not
necessarily have to be incinerated straight away
is sometimes put into intermediate storage from
summer to winter. Household waste, however,
is always incinerated immediately.

The flue gas generated is cleaned of dust, heavy
metals, acid gasses (HCI, HF and SO,), nitro-
gen oxides (NO,) and dioxins. This is achieved
in up to five subsequent treatment steps. The
emission limit values are stipulated in the envi-
ronmental permit of the facilities, which in turn
is based on the Waste Incineration Order issued
by the Ministry of the Environment and the un-
derlying EU Waste Incineration Directive (No.
2000/76).

Energy recovery

The energy potential of the waste is recovered
to as great an extent as possible. Originally,
energy was recovered solely for the produc-
tion of district heating, but following energy

Denmark’s 29
waste-to-energy facilities
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Utilisation of waste
as a resource

Waste
collection
area

Heat sales

by

Denmark has succeeded in optimal utilisa-
tion of waste as a resource through a close
co-operation between municipalities, waste
management companies and district heat-
ing companies. This can be exemplified by
the conditions in southern Zealand where
the combination of population distribution,
waste levels and a district heating market all
combine to create favourable conditions for
the positioning of a CHP plant in the largest
population centre, Naestved. The inter-muni-
cipal waste management company of I/S FA-
SAN has its headquarters in the city of Neest-
ved and includes a number of neighbouring
municipalities representing a total of approx.
200,000 inhabitants. The company operates a
waste-to-energy facility in Naestved. The inha-
bitants, commerce and industry annually pro-
duce about 100,000 tonnes of waste suitable
for incineration. Of this amount Neestved ge-
nerates approx. 20,000 tonnes. The entire heat
production of approx. 200,000 MWh annually
is sold to Neestved District Heating Company,
which supplies heat to approx. 17,000 consu-
mers. The 40,000 MWh of electricity produced
annually is sold to the public grid.
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The Waste
Incineration Order

The Order on Incineration of Waste issued
by the Ministry of the Environment (No.
162 of 11 March 2003) transposes the EU's
Waste Incineration Directive No. 2000/76/
EC into Danish legislation. It replaces two
orders from 1997, which transposed earli-
er EU legislation, particularly two directives
from 1989 on air emissions from new and
existing municipal solid waste incineration
facilities.

As compared with the previous orders the
emission limit values of carbon monoxide
(CO), dust, total organic carbon (TOC), hy-
drogen chloride (HCI), hydrogen fluoride
(HF) and sulphur dioxide (SO,) as well as of
six different heavy metals were tightened.
Furthermore, new emission limit values for
nitrogen oxides (NO,) and additionally four
heavy metals and dioxins were introduced.

The new requirements became effective on
28 December 2002 for new facilities and for
existing facilities on 28 December 2005.

The existing Danish waste-to-energy facili-
ties have therefore in the period of 2003 to
2005 upgraded their flue gas treatment sys-
tems with supplementary treatment steps.
In some cases, completely new flue gas
treatment systems have been estabished.
A few minor facilities have chosen to cease
operation.

Thus, after 28 December 2005 all waste in-
cineration in Denmark occurs in fully up-to-
date facilities and with a minimum impact
on the environment.

policy agreements made in 1986 and 1990 all
the major facilities have converted to CHP
production.

When incinerating 1 tonne of waste approx. 2
MWh district heating and approx 0.67 MWh
electricity are produced. Where no electricity
is produced, all the energy is recovered in the
form of district heating.

According to the statistics of the Danish En-
ergy Agency the calorific value in 2003 was
on average 10.5 MJ/kg. Therefore, 4 tonnes of
waste substitutes 1 tonne of oil or 1.6 tonnes
of coal.

The greater proportion of the waste is biomass,
but it does also contain fossil materials such
as plastics.

Approx. 20 per cent of the waste consists of
non-combustible parts such as glass, iron and
other metals. These fractions exit the facility
in the bottom ash, which is recycled.

Best available technique

When the environmental permits of the facili-
ties are reconsidered, it must be documented
that the best available incineration and fluegas
treatment techniques (BAT) are applied.

Emissions

Waste-to-energy facilities emit less pollu-
tion per unit of energy input than combustion
plants fired with oil or coal.

As a large part of the waste is CO, neutral bio-
mass, waste also entails a smaller CO, emis-
sion per unit of energy input than coal, oil and
natural gas. Carbon dioxide is one of the so-
called ‘greenhouse gases’.

Fuel Coal | Gas oil Natural Waste
gas

Co,

95 74 57 18
(kg/GJ)
CH,

1,5 1,5 15 0,6
(9/GJ)
N,O

3 2 1 1,5
(9/GJ)
SO,

45 23 0 23,9
(9/GJ)
NO

x 130 52 50 124

(9/GJ)

Emission factors of different fuels.

Source: Danish Energy Agency

Owing to the fact that all the facilities now
have dioxin cleaning, dioxin from waste incin-
eration is no longer a problem.
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Residues

In the combustion process residues are gener-
ated in the form of:

* Bottom ash

* Iron and metals

* Residues from flue gas treatment

Bottom ash

Approximately 20 per cent of the waste by
weight leaves the waste-to-energy facility in
the form of raw bottom ash. The bottom ash is
sorted, and in this process iron and other met-
als are recovered. The sorted bottom ash is re-
cycled for construction works in accordance
with the Residue Order issued by the Ministry
of the Environment and Energy (no. 655 of 27
June 2000). In 2003, 645,000 tonnes of bottom
ash was produced, and of this amount 629,000
tonnes, corresponding to approx. 98 per cent,
was recycled. 15,000 tonnes was landfilled as
the environmental requirements for recycling
could not be complied with.

Iron and metals

The iron and other metals recovered from the
bottom ash make up approx. 50,000 tonnes per
year, which is recycled.

Residues from flue gas treatment
Residues from flue gas treatment are sent to
special treatment/recovery in Norway or Ger-

many. Approximately half of the amount in the
form of fly ash comes from the waste, while
the rest is reaction products from the lime and
activated carbon that are added in order to
clean the flue gas. If a wet flue gas treatment
method is applied, the result is a significantly
smaller amount of solid residue as well as a
certain amount of wastewater. The treatment
requirements are stipulated in a wastewater
permit. In 2003, 88,000 tonnes of residues
were produced in Denmark.

When the waste is incinerated, it is ensured
that the non-combustible parts, which would
otherwise have been landfilled, are recycled. If
this recycling were included in the waste sta-
tistics of the Danish Environmental Protection
Agency, the amount of recycled waste in 2003
would increase by approx. 8 per cent.

Best available technique
(BAT)

An environmental permit is required to op-
erate an incineration facility. A permit can
only be granted if the emissions from the fa-
cility have been limited by applying the Best
Available Technique — BAT.

The term ‘best available technique’ is de-
fined in EU Directive 96/61/EC on Integrat-
ed Pollution Prevention and Control, com-
monly called the IPPC Directive.

The stipulations of the Directive have been
transposed into Danish legislation through
the Statutory Order on Approval of Listed
Activities (presently no. 943 of 16 Septem-
ber 2004) issued by the Danish Ministry of
the Environment.

Article 16, paragraph 2 of the IPPC Directive
states that the Commission shall organise an
exchange of information on best available
techniques. In practice, this is done by pub-
lishing BAT Reference Documents (BREFs).
The BREF on waste incineration is now avail-
able in a finalised draft version and is await-
ing formal approval by the Commission.

The document contains 63 specific recom-
mendations concerning design and opera-
tion of incineration facilities, and it must be
expected that it will be of importance in
connection with the development of future
facilities.
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Energy production and
environmental benefits

Elements of the Danish energy policy

In the years following the oil crises in 1973
and 1979 Denmark adopted comprehen-
sive energy legislation. The primary pur-
pose was to increase the security of sup-
ply and decrease the reliance upon oil.
From around 1990 the objective was also
to reduce the Danish contribution to the
greenhouse effect.

The means have been manifold, and have
included a commitment to establish sup-
ply by district heating facilities. District
heating is the supply of hot water or steam
from CHP plants, waste-to-energy facili-
ties, industrial enterprises, geothermal in-
stallations etc.

The municipal council must prepare a plan
for the supply of heat in the municipality.
They must see to it that district heating
projects are carried out, and they must al-
so approve such projects. The Minister of
Transport and Energy may, however, direct
that specific preconditions shall form the

basis of the planning, and can also assume
the authority to approve projects.

Since 1990 it has been part of the Danish en-
ergy policy that district heating should first
and foremost be produced in the form of
CHP. This is reflected in the Heat Supply Act
already in Article 1, paragraph 2: ‘The sup-
ply of heat shall be organised with a view to
promoting the highest possible degree of
cogeneration of heat and power.’

In line with this policy the municipalities
with large or medium-sized waste-to-en-
ergy facilities received at the beginning of
the 1990s a demand requiring the conver-
sion of the heat production to CHP pro-
duction.

According to the so-called biomass agree-
ment of 14 June 1993 entered into by
seven of the political parties in the Dan-
ish Parliament at the time, CHP based on
waste takes precedence over other fuels.

Waste amounts
for incineration

Due to its waste and energy policies Denmark
is the country in Europe — measured in kg per
capita per annum — that incinerates or recycles
the greatest amount of waste and disposes of
the smallest amount of waste to landfill.

Treatment form — municipal waste
in Western Europe

Percentage of total waste
100

90

80
70
60
50
40

GR IE UK IT PT ES SF FR LU BE AT DE SE NL DK
W Landfill

M Recycling/composting Incineration Other

Note: The figure includes municipal waste only. If industrial/
commercial waste is included, the figures will look different.
Example, Denmark: Landfill 8 per cent, recycling/composting
66 per cent, incineration 26 per cent.

Source publication: e-Digest of Environmental Statistics, Publis-
hed November 2004. Department for Environment, Food and
Rural Affairs http://www.defra.gov.uk/environment/statistics/in-
dex.htm

In addition to municipal solid waste inciner-
ation facilities, Denmark also has special fa-
cilities for the incineration of sewage sludge.
There is only one facility in the country that is
designed to handle hazardous waste, namely
Kommunekemi.

As the first country in Europe, Denmark intro-
duced a ban on landfilling of waste suitable for
incineration as per 1 January 1997. This means
that the amounts of waste for incineration have
in recent years increased far more than the
general increase in waste arisings.

The figure overleaf shows the amounts treat-
ed in 1982, 1994 and 2003. It also shows the
amounts that according to the prognoses of
the Danish Environmental Protection Agency
must be expected to go to incineration in 2011
and 2020. It can be seen that the amount for in-
cineration is expected to continue its increase.

10
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Waste for incineration (million tonnes)
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e
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Year

The development in waste amounts for incineration.
Source: Dakofa — Danish Waste Management
Association (1985) and waste statistics of the

Danish Environmental Protection Agency for 2003.

Energy recovered from
waste in Denmark

In 2003 Denmark incinerated approx. 3.3 mil-
lion tonnes of waste. All of the waste was in-
cinerated at facilities with recovery of energy
for the production of electricity and/or district
heating.

According to the energy statistics of the Dan-
ish Energy Agency for that same year, the
waste-to-energy facilities produced a total of
1.47 million MWh of electricity and 6.36 mil-
lion MWh of district heating.

Hence, the waste-to-energy facilities covered
approx. 3 per cent of the total Danish electric-
ity production and approx. 18 per cent of the
total district heating production in 2003. The
heat generated from waste made up approx. 40
per cent of the total heat production from re-
newable energy sources.

The average Danish household consumes
3,430 kWh of electricity and 17.6 MWh of
heat. The electricity produced at the waste-
to-energy facilities therefore covers the con-
sumption of approx. 430,000 out of a total
of approx. 2.5 million households. As each
household consumes more heat than electric-
ity, the heat production covers the consump-
tion of approx. 360,000 households.

The continued extension of district heating has
made this development possible. Today, 1.5
million households are supplied with district
heating. This is a 50 per cent increase since
1988.

Three acts going hand in hand

For the waste-to-energy facilities there are three acts of decisive importance:

Environmental Protection Act

The Environmental Protection Act with re-
lated orders requires that the municipalities
shall collect household waste and assign
treatment and disposal facilities for com-
mercial and industrial waste. Waste inciner-
ation facilities with energy recovery shall be
assigned for waste suitable for incineration,
which cannot be landfilled.

One could say that the act ensures that the
waste-to-energy facilities are supplied with
the entire amount of waste suitable for in-
cineration and can therefore act according-
ly. Pursuant to the Act, regulations pertain-
ing to pollution from the waste-to-energy
facilities have been introduced.

Heat Supply Act

The Heat Supply Act has the objective of
promoting the most socio-economic and
environmentally friendly utilisation of ener-
gy and reducing the reliance of the energy
system on oil. The heat supply should there-
fore preferably come from district heating.
The heat supply should be organised with a
view to promoting the highest possible de-
gree of cogeneration of heat and power.

This act ensures that the waste-to-energy fa-
cilities can be connected to district heating
supply systems and therefore can sell the
heat produced. The Danish Energy Regula-
tory Authority — DERA — supervises the pric-
ing of the energy.

Power Supply Act

The Power Supply Act is intended to pro-
mote sustainable energy production, in-
cluding the use of CHP and renewable and
environmentally friendly energy sources,
while also creating competition on mar-
kets for production of and trade in electric-
ity. Specifically, Section 4 of the Act states
that municipalities may carry out grid activ-
ity and electricity production by waste in-
cineration.

The energy produced must be traded on
commercial terms. In order to promote en-
vironmentally friendly electricity produc-
tion, Section 9 of the Act lays down rules
for surcharges for electricity produced on
the basis of renewable energy sources as
well as electricity produced at decentral
CHP plants and power production facili-
ties using waste as fuel. The surcharge is
reduced proportionally at a market price
of more than DKK 0.11 (€ 0.015) per kWh
so that it ceases when the market price is
DKK 0.34 (€ 0.045) per kWh. In this way, the
waste-to-energy facilities are secured a cer-
tain minimum price for the electricity pro-
duced for a number of years.

Together, the acts indirectly regulate the fi-
nancial framework of the waste-to-energy
facilities, including the balance between
the part of the total operating costs cov-
ered by sale of energy and the part that has
to be covered by the gate fee.
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Quantification of environmental benefits

Saved fossil fuels

The energy content of the 3.3 million ton-
nes of waste incinerated is some 10 million
MWh. This energy content corresponds to
the following approximate amounts of fos-

sil fuels:

Fuel oil: 1,000,000 m?
Coal: 1,500,000 tonnes
Natural gas: 900,000,000 m?

Saved air emissions

A significant saving of CO, emissions is ob-
tained when waste-to-energy facilities in
one and the same operation disposes of wa-
ste and produces energy. This is illustrated
below where the total CO, emission from
waste incineration is compared with the
emission from landfilling (or composting) of
1 tonne of waste and when 10 GJ of elec-
tricity and heat is alternatively produced on
the basis of coal, oil or natural gas as the
source of energy.

The calculation disregards the fact that part
of the carbon content of the waste when
landfilled is emitted in the form of methane,
which is a greenhouse gas with an effect 21
times greater than CO,, which would further
favour waste incineration.

Moreover, the figure below shows the emis-
sions of CH,, N,O, SO, and NO,_ when pro-
ducing 10 GJ of electricity and heat on the
basis of each of the four fuels.

The figure shows that waste incineration
results in less CH, and N,O than the other
fuels. Since the natural gas is sulphur free, it
results in the smallest amount of SO, emissi-
ons, while the emissions from waste incine-

Total CO, emission.

Disposal of 1 tonne of waste
and production of 10 GJ

of heat/electricity
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ration correspond to those of gas oil. With
respect to NO,, coal, natural gas and wa-
ste all produce roughly the same quantity
of NO /kWh, whereas gas oil results in the
emission of only half of that of the others.

Saved area requirement

Compacted to a volume weight of 0.7
tonnes/m?® 3.3 million tonnes of waste for
landfilling requires a volume of 4.7 million
m?3. Distributed on an area corresponding
to a football field this waste would reach
a height of 500 m. Distributed as a cone
with the same height as one of Denmark’s
few ‘mountains’, Himmelbjerget (147 m), it
would require an area with a diameter of
350 m. If the waste were not incinerated,
each year areas for a new ‘waste Himmel-
bjerg’ would have to be found.

Saved natural resources

Furthermore, it would be necessary to draw
on the natural gravel resources in order to
substitute the approx. 650,000 tonnes of
bottom ash, which was recycled for con-
struction purposes in 2003.

Environmental benefits

When energy is recovered from waste, fossil
fuels are substituted. Energy production on the
basis of waste also results in lower air emis-
sions than would have been the case with fos-
sil fuels. This particularly applies to carbon di-
oxide (CO,).

To this should be added that had the waste
been landfilled, it would also have resulted in
pollution, not least air pollution in the form of
methane (CH,).

Carbon dioxide and methane as well as nitrous
oxide (N,O) are ‘greenhouse gases’, which
have a climate change impact. On a weight ba-
sis, methane has 21 times more greenhouse ef-
fect than CO,,.

Denmark has ratified the Kyoto protocol and
in this connection committed itself to reducing
the total emission of greenhouse gases.

As presented above, waste incineration makes
a significant contribution to this reduction.

Landfills for waste are extremely space con-
suming, so when the waste is incinerated in-
stead, landfill areas are saved. When incinerat-
ed, the waste is reduced as follows: by weight
by 80-85 per cent and by volume by 95-96 per
cent. Finally, incineration makes it possible to
recycle the mineral components of the waste
(the bottom ash). Hereby, natural raw materi-
als in the form of gravel and iron are saved.
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Economic
aspects

Economic balance

The Danish waste-to-energy facilities are sub-
ject to a cost coverage principle, which means
that they can show neither a profit nor a loss.
Receipts and expenses must balance within a
small time span.

Waste-to-energy facilities are economically

controlled by three main factors:

* Fiscal instruments (State taxes)

* Energy earnings from sale of electricity
and heat

*  Gate fees

Fiscal instruments

Denmark has a general State tax on waste. The
tax is differentiated whereby landfill tax (DKK
375 (€ 51)/tonne) is greater than incineration
tax (DKK 330 (€ 44)/tonne). It is tax free to
recycle waste. This tax structure has been in-
troduced for the purpose of promoting recy-
cling. Denmark’s neighbouring countries Swe-
den and Germany today have no such tax on
incineration.

In addition, Denmark has a tax on heat pro-
duced from waste of DKK 46.44 (€ 6.19)/
MWh and a tax of DKK 10 (€ 1.33)/tonne of
sulphur dioxide.

The revenue generated from taxes on incin-
eration and heat produced from waste today
amounts to DKK 1.2 billion (€ 160 million)
annually.

Energy earnings

If the waste-to-energy facility is a cogenera-
tion plant, the facility will have earnings from
sale of both electricity and heat.

Electricity is sold on commercial terms with a
subsidy of DKK 0.07 (1 Eurocent)/kWh in or-
der to promote environmentally friendly elec-
tricity production from waste incineration. In
addition, the facilities which established CHP
production capacity before the so-called dif-
ferentiated tariff system lapsed enjoy transi-
tional terms. For a certain number of years the
transitional scheme ensures that the facilities

Heat prices

With a view to protecting the consumer the
heat price is, according to the Heat Supply
Act, always the lower of the cost-based pri-
ce and the substitution price. District heat-
ing consumers are protected by the Danish
Energy Regulatory Authority, DERA.

There is some variation in the waste based
heat prices in Denmark depending on the
energy sale possibilities of the waste-to-
energy facility, its amortisation policy, its age,
specific authority requirements and the sub-
stitution price in the supply area in question.
Heat from waste-to-energy facilities is gene-
rally the cheapest form of heating in Den-
mark.

Cost-based heat price

The cost-based heat price is calculated on
the basis of a distribution of the costs be-
tween activities relating to the waste inci-
neration and activities relating to the heat
production. The distribution is based on the

specific conditions pertaining to the incine-
ration and to the heat production.

The costs are divided into special costs re-
lating to the waste, special costs relating to
heat and joint costs, which include costs of
both waste treatment and heat production.

The waste-to-energy facilities must report
their heat retail prices once a year to the
Danish Energy Regulatory Authority, DERA,
and account for the cost distribution be-
tween activities relating to waste treatment
and heat production.

Substitution price

The substitution price is the heat retail price
that the district heating supplied from the
waste-to-energy facility could be purchased
for from other sources. It must be an actual
substitution option, i.e. it must be possible
to actually have the heat supplied, and in a
legal manner too.

Average heat retail prices according to the Danish District Heating
Association, 130 m? house, including VAT, year 2004

25 Oil fired heating system

Natural gas fired heating system
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Continuous efficiency improvement

RenoSam, the association of 33 Danish and
2 Faroese waste management companies, is
making a targeted benchmarking effort in
order to obtain the highest possible degree
of efficiency at the Danish waste-to-energy
facilities. According to the latest bench-
marking statistics the costs of incineration
typically amount to DKK 700 (€ 93)/tonne of
waste (excluding taxes), while the earnings
from sale of heat and electricity amount to
DKK 500 (€ 67)/tonne, corresponding to a
gate fee of DKK 200 (€ 27)/tonne.

Interest payment and amortisation of the
waste-to-energy facilities make up a con-
siderable part of the costs. These costs are
fixed and therefore cannot be changed.

Attempts are constantly made to minimise
the operating costs through a balanced op-
timisation of both operation and human re-
sources.

According to RenoSam’s latest benchmark-
ing statistics the waste-to-energy facilities
included in the survey have succeeded in in-
creasing their productivity from 2003 to 2004
so that the number of tonnes incinerated
has on average increased by 8 per cent. One
explanation may be the increased focus on
reducing unplanned outages, which has re-
sulted in an even higher availability. The pro-
ductivity increase means that the net costs
of incinerating waste have been reduced by
10 per cent.

Typical distribution of incineration costs
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obtain an electricity price corresponding to the
level at the time when the facilities were re-
quired by the Danish Energy Agency to con-
vert to CHP production.

In order to protect the heat consumers, the heat
price cannot exceed the lowest of the cost-
based price and the substitution price. For this
reason the price of heat produced from waste
in Denmark is generally lower than the price
of other heating sources (cf. figure on p. 13).

In the event of disputes between the waste-to-
energy facility and the heat consumer over the
unit price for district heating, a complaint may
be lodged with the Danish Energy Regulatory
Authority, DERA.

Lowest gate fees in Europe

The part of the expenses that cannot be cov-
ered by earnings from sale of electricity and
heat must be covered by a gate fee, as the
waste-to-energy facilities must be non-profit,
i.e. the lower the energy earnings, the higher
the gate fee.

Typically, the gate fee, i.e. the actual cost for
the household/industry of having its waste in-

Incinerator gate fees in Europe
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cinerated, is in the order of DKK 200 (€ 27)/
tonne excluding taxes. The Danish gate fees
are the lowest in Europe where gate fees of
more than DKK 1,500 (€ 200)/tonne may be
found.

In an international context the low gate fee in
Denmark is attributable partly to the extensive
energy recovery from waste and partly to the
generally well-operated and efficient facilities
in Denmark.

Continued optimisation
of operation

The Danish waste-to-energy facilities continu-
ously work on optimising their operation with
a view to further reducing the heat price and
the gate fee.

More specifically, the efficiency of the rela-
tively capital intensive production facilities
has a great impact on the financial situation
of the facilities, as outages are very expensive
due to the loss of energy earnings in these pe-
riods.

Preventive maintenance is therefore of deci-
sive importance. Major savings on mainte-
nance in one year may well result in a post-
ponement of the problems to subsequent years
or lead to unplanned outages.

The Danish waste-to-energy facilities are char-
acterised by having an extremely high availa-
bility, typically more than 90 per cent of the

year.

Incineration costs the same as
the household’s waste collection bag

The greatest proportion of the waste collec-
tion charge for a typical household is for the

actual waste collection, schemes for bulky

waste and recycling as well as taxes to the

State.

The Danish waste-to-energy facilities are so
well operated that they can provide cheap
district heating, electricity and treatment of
waste from households in an environmen-

tally friendly manner. The disposal of waste
by incineration therefore only makes up a
very limited part of the total waste manage-
ment cost.

A household typically produces 600 kg of
waste annually, which is incinerated at a cost
of DKK 200 (€ 27)/tonne. This is approximate-
ly the same as the price of the waste collec-
tion bag at roughly DKK 2.5 (€ 0.33)/week.

Typical composition of waste management fee (excl. VAT)
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[Liberalisation

Liberalisation
of waste incineration

On the international scene there are the following
ways of organising waste-to-energy facilities:

1. Public ownership and operation

2. Public ownership and private operation

3. Private ownership and operation

The organisational structure in Denmark in-
cludes public ownership and operation (1) and
private ownership and operation (3) by power
plants based on long-term contracts with the mu-
nicipalities. Public ownership and operation (1)
is the most wide-spread organisational structure
in the European countries where incineration is
of importance. There are, however, also exam-
ples of other organisational structures. In France,
for instance, more than 40 per cent of the waste
is treated at publicly owned facilities which are
privately operated (2), and in the UK a large part
of the waste-to-energy facilities are privately
owned and operated (3).

Arguments for private
sector involvement

The most commonly used argument for com-

plete liberalisation is that lower treatment costs

are obtained through:

e Better risk allocation between the private
and the public sector

»  Lower costs through improved efficiency

*  Application of more innovative solutions

These statements are further analysed below.

The economic benefit
is questionable

It is uncertain whether public ownership and pri-
vate operation and private ownership and opera-
tion actually entail an economic benefit. In 2004,
the Danish Environmental Protection Agency
published its environmental study ‘Pros and cons
of liberating waste incineration and landfilling.
The conclusion is that ‘all in all it is unlikely that
any significant socio-economic benefit would
follow from contracting out the task of incinera-
tion or liberating the waste flow, ownership and
pricing.” The conclusion is based on the assump-
tion that there might be a possibility of gaining
benefits from efficiency improvement, but these
benefits are cancelled out by the increased costs
relating to covering the risk involved when the
responsibility for the waste and the facility is di-
vided.

It is furthermore concluded that when the re-

sponsibility for the operation of the plant is trans-

ferred to a fully private operator, it may be dif-

ficult to ensure an economic benefit. One of the

reasons is transaction costs due to:

e Lack of continuous maintenance leading to
outages

e Unclear interface between reinvestments
and new investments

*  Unforeseen breakdown of part components,
which cannot clearly be ascribed to the sup-
plier or the operator.

Difficulties in obtaining
perfect competition

It is widely believed that it is difficult to create
the basis for perfect competition in the incinera-
tion sector as the market has many characteris-
tics making perfect competition difficult.

First of all there are significant barriers to enter-
ing and exiting the market for waste incineration
due to the very capital intensive production facil-
ities involved. Second of all, district heating pro-
duction is decisive for the gate fee, which is why
the demand for district heating will set a limit to
where to establish new waste-to-energy facili-
ties. The capacity of the waste-to-energy facili-
ties in Denmark is therefore carefully adjusted
to the possibilities of using the heat for district
heating.

Shipment of waste

In aliberalised market for waste incineration com-
petition will improve if shipment of waste across
the borders of Denmark is allowed as it will be
casier to reach the balance between supply and
demand. In the short term, this will probably lead
to a greater import of waste from Germany, for
example, which has too small a capacity and gen-
erally high prices of incineration. Thereby, the
Danish incineration capacity will be strained and
it will be difficult to preserve the present certainty
of disposal of the Danish waste.

If the capacity is challenged, this will have an
impact on the pricing and lead to higher prices
in Denmark. At the same time it is questionable
whether the Danish waste tax can be retained in
a liberalised market as the tax may be considered
a distortion of competition.

The annual Danish State revenue from taxes of
some DKK 1.2 billion (€ 160 million) may there-
fore be at stake.

The ‘invisible hand’ of
the market and
perfect competition

The classical economists like Adam Smith
(1723-1790) advocated economic liberalism
in which the regulation of the State is re-
duced to a minimum. Instead, the economy
is controlled and coordinated by the ‘invis-
ible hand’ of the market, which according to
Adam Smith would without any doubt lead
to the largest degree of prosperity for soci-
ety as a whole.

In a market with perfect competition no indi-
vidual buyer or seller has any influence over
the market as it is the market forces alone
that determine price and production. The
preconditions for perfect competition can be
summarised as follows:
e Many buyers and sellers
e Free access to withdrawal

from the market, i.e. no barriers
e Perfect market information
e Homogenous products

Perfect competition
and waste-to-energy

The market for waste-to-energy has many
characteristics making it difficult to obtain
perfect competition.

The establishment of a waste-to-energy facil-
ity is very capital intensive and in the order of
100-300 million Euro. This means that the ac-
cess to the market for new-comers is extreme-
ly difficult and risky. This limits the number
of potential players and existing players will
therefore be able to exert a certain amount
of influence upon the market. Consequently,
in a liberalised market there will be a risk of
creating a market situation in which one or
two companies are dominant and thereby an
imperfect competitive situation.

Furthermore, it will be decisive for the finan-
cial situation of the waste-to-energy facility
that there is a suitable demand for district
heating. The district heating demand in Den-
mark is limited and may be subject to com-
petition only in a few areas, which creates a
barrier to the access to the market and makes
free pricing difficult. On the other hand, this
barrier will not be present in countries which
do not have district heating systems of any
importance. This means that the facilities can
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be established without this barrier, but natu-
rally also without earnings from sale of heat
and thereby, all other things being equal, a
higher gate fee than in Denmark.

On this basis it must be considered difficult
to establish perfect competition in a liberal-
ised market. In the event of imperfect com-
petition without the non-profit cost coverage
principle, the waste-to-energy facilities would
be able to make an extraordinary profit.

Economic consequences
of liberalisation

It is disputed whether liberalisation would
have an economic consequence in the form
of reduced gate fees. One of the difficulties
is that the experience of private ownership
and operation of waste-to-energy facilities in
a liberalised market is extremely limited.

One of the essential elements of the econom-
ic assessment is the risk profile of the project
in question, as a private operator will cap its
exposure to the risk of owning and operating
the waste-to-energy facility, and this risk cap-
ping will be greater than the one claimed by a
public company, cf. the budget statement of
the Danish State from 1999:

‘The State is likely to be able to cover any giv-
en risk cheaper than the private sector. This is
due to the fact that the State may spread the
risk to the entire population. It is the same prin-
ciple that applies to the State selfinsurance.’

Even though a private operator, for pay-
ment, would take on a risk, the public sector

would still have to assume a certain risk, for
instance fluctuations in electricity and heat
prices and waste supply.

In financial terms, there is no doubt that the
public sector can obtain cheaper financing
than the private sector.

It is difficult to assess the investment costs
across different projects as the investment
always depends on specific local factors.
However, it is exactly the same technology
that is applied — irrespective of organisation-
al structure. For this reason there is no docu-
mentation to the effect that there is any dif-
ference in private and public investments in
waste incineration.

Operation and maintenance may be divided
into three components: Consumables, main-
tenance and staff:

e The amount of consumables for, for in-
stance, flue gas treatment depends on

the composition of the flue gas and not
on organisational structure.

e Improved maintenance procedures may
reduce the number of unplanned out-
ages and thereby increase the treatment
capacity. Optimising the capacity at both
private and public facilities may reduce
treatment costs, cf. RenoSam's bench-
marking statistics - although only to a lim-
ited extent as the availability in Denmark
is already amongst the highest in Europe.

e Private operators employ the same oper-
ating staff as public facilities, and also the
maintenance systems are the same. Fur-
thermore, both organisational structures
use external specialist companies for ma-
jor maintenance works.

e Similarly, waste-to-energy facilities are to-
day so technically automated that it is dif-
ficult to achieve significant savings on hu-
man resource optimisation.

Typical gate fees with and without energy production

100

€/tonne
excl. waste tax

No energy
production

Production of

CHP

power only production
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Waste-to-energy in Europe

Waste-to-energy facilities in Europe (2003)

Amounts of waste incinerated in
million t/year (2003)

Waste-to-
energy
outside
Denmark

Europe

The EU countries and associated countries are
to a significant extent obliged to comply with
the environmental acquis of the EU.

Even though the 25 EU member states are di-
rectly governed by the same overall legisla-
tion, including that on waste management,
disposal and incineration, the prominence of
incineration differs widely from one EU mem-
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Number of waste-to-energy facilities and amounts of waste incinerated (million tonnes annually) in Europe.

Source: CEWEP (www.cewep.org)

[t can be seen that the number of waste-to-
energy facilities is greater in France than in
any other European country. Germany and
ltaly are second and third. Germany and
France are the countries in Europe that incin-
erate most waste (tonnes annually). Denmark
is fifth, but first in terms of waste amounts in-

cinerated per capita. On the basis of the fig-
ures shown in the map it can be calculated
that the facilities in the Netherlands are gen-
erally very large, but also Portugal and Ger-
many have relatively large facilities. The facili-
ties in Norway, Italy and France on the other
hand are generally relatively small.

*

Member of CEWEP

When the population in each country is taken
into consideration, Denmark incinerates the
largest amount of waste per capita (including
commercial and industrial waste), namely 600
kg annually. Only Sweden, the Netherlands,
Switzerland and Luxembourg are anywhere
near the same coverage with waste-to-energy
facilities for waste suitable for incineration.
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Energy production

The energy production per tonne of waste var-
ies from country to country with Denmark and
Sweden in the lead.

In the other countries, energy sales are less sig-
nificant, which is primarily due to the fact that
in these countries district heating is not nearly
as widespread as in Denmark and Sweden.

Organisation

In Denmark, the majority of the waste-to-en-
ergy facilities are owned and operated by the
municipalities or by inter-municipal non-profit
companies. The same applies to Sweden, Ger-
many, the Netherlands and Switzerland. As
described above, these are also the countries
where incineration has a predominant posi-
tion.

In France, the facilities are typically also
owned by the public sector, but at many of
them the operation responsibility has been
conceded to private companies. In the UK, on
the other hand, practically all waste-to-ener-
gy facilities are privately owned. In terms of
waste incinerated per capita incineration in the
UK is of modest importance.

Denmark has fully and completely vested the
responsibility for waste management in the
municipalities, including the designation of
recycling options and disposal facilities — full
waste flow control. In other countries it is up
to the producers of commercial and industrial
waste to find recycling outlets or disposal fa-
cilities.

Framework conditions

Waste management in Denmark is controlled
by the desire to maximise the use of resourc-
es, including the energy potential of waste suit-
able for incineration, and to ensure treatment of
commercial and industrial waste. There is a ban
on landfilling of waste suitable for incineration,
and the waste-to-energy facilities can rely on
the reception of the waste suitable for incinera-
tion generated within their service area.

Furthermore, the possibilities of selling dis-
trict heating are good, not only for reasons of
climate, but also because the Danish energy
policy has made a strong commitment to dis-
trict heating, self-sufficiency and security of

supply.

EU legislation on waste management

Waste Framework Directive

The EU's legislation on waste management
is based on the Waste Framework Directive
(No. 75/442/EEC as amended by Directive
91/156/EEC), which among others provides
a definition of waste and sets out a gener-
al ranking of the waste management meth-
ods:

® Prevention

e Recovery

® Incineration with energy recovery

® Incineration without energy recovery
and disposal

In December 2005 the Commission issued
a proposal for a new directive on waste.
When adopted the directive will replace the
present Waste Framework Directive.

Recognizing that not all waste can be pre-
vented or recovered, the EU has also adopt-
ed directives on incineration and landfilling
of waste.

Waste Incineration Directive

The Waste Incineration Directive (No.
2000/76/EC) stipulates that waste incinera-
tion facilities shall have an environmental
permit and in Articles 6, 7 and 8 and in An-
nexes IV and V lays down rules pertaining
to operating conditions and emissions to air
and water. The Directive entered into force
on 28 December 2002 for new facilities, and
the new and stricter requirements had to be

fully complied with by existing incineration
facilities not later than 28 December 2005.

Landfill Directive

The Landfill Directive (No. 1999/31/EC) gen-
erally states (Article 6a) that ‘only waste that
has been subject to treatment [may be]
landfilled. This provision may not apply to
inert waste for which treatment is not tech-
nically feasible, nor to any other waste for
which such treatment does not contribute
to the objectives of this Directive, by reduc-
ing the quantity of the waste or the hazards
to human health or the environment.’

The Directive (Article 5) furthermore re-
quires that the member states shall set up
a strategy for the implementation of the re-
duction of biodegradable waste going to
landfill. Such waste shall rather be subject
to recycling, composting, biogas produc-
tion or materials/energy recovery. The strat-
egy shall ensure that the amount of bio-de-
gradable municipal waste going to landfill is
reduced as follows: by 2006 to 75 per cent,
by 2009 to 50 per cent and by 2016 to 35 per
cent of the amount produced in 1995. Mem-
ber states which in 1995 landfilled more
than 80 per cent of their municipal waste
may postpone the attainment of the targets
by four years.

Finally, the Directive makes a number of
specific requirements for the design of and
the acceptance of waste at landfills.
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The EU’s Waste Shipment Regulation

In an attempt to prevent exports of hazard-
ous waste to developing countries the so-
called Basel Convention on the Control of
Transboundary Movements of Hazardous
Wastes and their Disposal was signed in 1989
within the framework of the OECD. The Con-
vention was ratified by Denmark and the oth-
er EU countries as well as the EU as such.

On the basis of the convention, the EU has is-
sued '‘Council Regulation (EEC) No. 259/93 of
1 February 1993 on the supervision and con-
trol of shipments of waste within, into and
out of the European Community’, commonly
called the Waste Shipment Regulation. This
Regulation was revised in 2005.

The revised regulation stipulates that ship-
ments of waste across borders must be sub-
ject to notification to the competent authori-
ties in the state of dispatch. These authorities
must then transmit the notification to the
competent authorities in the state of destina-
tion and, if relevant, the state of transit, and
a contract with the consignee must be made
(Article 4, Article 7.1, and Article 4.4).

Where the waste shipment is intended for
disposal, Article 11.1 (a) shall apply: ‘(...) the
competent authorities of dispatch and des-
tination may (...) raise reasoned objections
(..) [if] (...) the planned shipment or disposal
would not be in accordance with measures
taken to implement the principles of prox-

imity, priority for recovery and self-sufficien-

cy at Community and national levels (...) to
prohibit generally or partially or to object
systematically to shipments of waste (...)."
Article 11 presents a couple of other rea-
sons that would justify objections, for exam-
ple ‘that the waste is mixed municipal waste
collected from private households’ (Article
11.1 ().

However, the regulation also states (Article
11.3) that ‘In the case of hazardous waste
produced in a Member State of dispatch in
such a small quantity overall per year that the
provision of new specialized disposal installa-
tions within that State would be uneconomic,
paragraph 1 (a) shall not apply.’

In line with this stipulation, permission would
be required from the Danish Environmental
Protection Agency if, for instance, Germany
were to ship waste for incineration at Danish
waste-to-energy facilities.

Denmark may ship flue gas treatment resi-
dues to special treatment in Norway and
Germany due to the fact that the shipment is
covered by the stipulation in Article 11.3.

The 1993 Regulation was transposed into
Danish legislation by Orders No. 971 of 19
November 1996 and No. 264 of 3 April 2000
on import and export of waste, issued by the
Danish Ministry of Environment. A new order
will be issued when the revised regulation
comes into force.

Similar conditions are not available to the same

extent outside Denmark where many countries
are still not able to introduce a ban on land-
filling of waste suitable for incineration. The
waste-to-energy facilities therefore compete
for the waste against landfills and other treat-
ment facilities.

In 1994 Germany adopted the so-called Act
for Promoting Closed Substance Cycle Waste
Management and Ensuring Environmentally
Compatible Waste Disposal. Pursuant to this
Act it was decided to no longer dispose of un-
treated waste to landfill as per 1 June 2005.
Germany still has an incineration capacity de-
ficiency.

Other parts of the world

In the rest of the world waste incineration is
only found at significant levels in Taiwan, Sin-
gapore, Japan and the USA. In the extreme-
ly densely populated Japan incineration is the
predominant waste treatment method, while
the USA only incinerates approx. 14 per cent
of the total waste amount. Of this amount ap-
prox. 40 per cent is incinerated in the states
that lie on the eastern coast.
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Challenges 1n

the years to come

Denmark leads the way when it comes to re-
cycling the largest possible amount of waste,
recovering the most energy from waste in-
cineration and wasting the fewest possible
resources by landfilling of waste.

Therefore, Denmark has a cheap and very
well-functioning waste-to-energy sector. It
serves both citizens and enterprises in that
they can always be certain to dispose of
their waste in an environmentally friendly
way.

Continued extension
necessary

This should preferably continue to be the
case, but it requires that the incineration ca-
pacity is continuously upgraded and extend-
ed. Today, there is a small surplus capacity,
but since the amounts of waste continue to in-

il
il

crease, the surplus capacity will have disap-
peared by 2010.

It will take five years to establish new facili-
ties. Therefore Denmark is already now faced
with a situation in which it should consider ex-
tending the incineration capacity if the coun-
try is to extend the guarantee that the waste
producers may easily discard their combusti-
ble waste.

In countries outside Denmark there is to-
day a significant lack of incineration capac-
ity, which is partly due to uncertainty relating
to the framework conditions and partly to the
fact that the public sector has contracted out
the establishment and operation of waste-to-
energy facilities.

Owing to visionary environmental and energy
policies combined with good public planning,
Denmark has succeeded in creating the most

efficient waste management system in Europe.
The country can boast both the highest recy-
cling percentages and the highest efficiency
when incinerating its waste, as compared with
the rest of Europe. In this system the waste-to-
energy facilities are an important cornerstone.

Well-functioning model
that should be preserved

In the Danish model it has so far been possible
to ensure the necessary treatment capacity at the
lowest prices in Europe. When incineration of
waste costs the same as the waste collection bag
itself, the possibilities of gaining limited ben-
efits from efficiency improvement should be
carefully weighed against the risks entailed by
liberalisation of the waste-to-energy sector.

Denmark can continue to lead the way in the
field of waste-to-energy — if it wants.

21



The most efficient waste management system in Europe

Literature

Most of the sources of text are available in Danish only. Below,

please find the sources that are available in English.

Bzgelund, Mette et al.:

Fordele og ulemper ved liberalisering af affaldsforbraending

og deponering

(Advantages and Disadvantages of a Liberalisation of the Waste
Incineration and Landfill Disposal Sectors).

Miljgstyrelsen (Danish Environmental Protection Agency), Miljgpro-
jekt 946 2004 (in Danish, English summary)
http://www.mst.dk/udgiv/Publikationer/2004/87-7614-361-9/pdf/87-
7614-362-7.PDF

CEWEP (Confederation of European Waste-to-Energy Plants):
Heating and Lighting the Way to a Sustainable Future

Brussels.

Energistyrelsen (Danish Energy Agency):
Energy Statistics

http://www.ens.dk/graphics/UK_Facts_Figures/Statistics/yearly_sta-
tistics/Energy%20Statistics %202004.pdf

EU Directives etc.:

No. 89/369 and 89/429 on the prevention of air pollution from
municipal waste incineration plants.

No. 259/93  on the supervision and control of shipments of waste
within, into and out of the European Community. New
regulation under approval

No. 94/67  on the incineration of hazardous waste

No. 96/61  on integrated pollution prevention and control (IPPC)

No. 1999/31 on the landfill of waste
No. 2000/76 on the incineration of waste

European Integrated Pollution Prevention and Control Bureau:

Reference Document on the Best Available Techniques
for Waste Incineration

July 2005, Sevilla, Spain.
http://eippcb.jrc.es/pages/FActivities.htm

Griffith, AJ. and Williams, K.P::
Thermal treatment options
Waste Management World, July August 2005.

Holm, Nils Christian:
Risky business? - Privatization in the waste-to-energy industry
Waste Management World, September-October 2004.

ISWA, Working Group on Thermal Treatment of Waste:
Energy from Waste

State-of-the-Art Report No. 4, 2002. ISWA,
Copenhagen (new edition mid-2006).

Kleis, Heron and Dalager, Seren:
100 Years of Waste Incineration in Denmark
Babcock & Wilcox Valund and Rambagll, 2004.

McCarthy, Thomas:

Waste incineration and the community

— The Amsterdam experience

Waste Management World, September-October 2004.

Miljgstyrelsen (Danish Environmental Protection Agency):
Waste Statistics 2003. Environmental Review No. 4 2005

http://www.mst.dk/udgiv/Publications/2005/87-7614-585-9/pdf/87-
7614-586-7.PDF

Sadler, Alan:

PFI Contracts — Cherry Picking
- Who'll fill the hole among waste management companies?
Wastes Management, June 2005.

22



Waste-to-energy in Denmark

Waste-to-energy facilities in Denmark
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more stringent environmental requirements.

facilities established in Denmark.

Rambgll provides waste-to-energy consulting services. The
company assists its clients in the planning and implementa-
tion of waste-to-energy projects across the world. Its projects
involve the establishment of new green-field facilities, ca-
pacity extensions, and retrofits or upgrades in order to meet
Rambgll has
been the consultant to the majority of the waste-to-energy
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Waste-to-energy
in Denmark

Owing to visionary environmental and energy policies
combined with coherent public planning, Denmark
has developed the most efficient waste management
system in Europe.

The Danish waste-to-energy facilities make up the
cornerstone of the disposal of non-recyclable waste,
and at the same time they produce electricity and heat
for approximately 400,000 households in Denmark.
This enables them to incinerate waste at a price that
is the lowest in Europe — for the benefit of households
and enterprises.

The present publication analyses the background for
this success and makes recommendations as to how
to maintain it.
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