
Waste incineration – recovery of 
energy and material resources
Every year 15 million tons of waste is collected in Denmark. Most of it is recycled and an 

increasingly small amount ends in landfills. The rest is used for incineration.  Denmark has one 

of the highest shares of waste incineration per capita and hosts some of the most efficient waste 

incinerators in the world. A significant part of the Danish electricity and heating demand is 

provided using waste as a fuel. At the same time most of the solid residues from the incineration 

process are utilised for construction purposes thereby saving natural aggregates. Waste 

incineration has a tradition of more than 100 years in Denmark and the technology is very well 

integrated into the the waste management system with a high level of public acceptance.

The first waste incinerator in Denmark 

was established in 1903 in Copenhagen. 

The plant received waste from only a 

small part of the city (Frederiksberg Mu-

nicipality) and generated both electricity 

and hot water for district heating. Since 

the beginning in 1903, around 30 waste 

incinerators have been established in 

Denmark; some of these plants have now 

been decommissioned while others have 

been renewed and expanded over the 

years.

The largest waste incinerator in Denmark 

is the Vestforbrænding plant which is 
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located west of the city centre of the capi-

tal Copenhagen. Vestforbrænding cur-

rently incinerates around 520,000 tonnes 

of waste per year and generates around 

270 GWh of electricity and 1,130 GWh of 

district heating per year. See Table 1 for 

more details.

About 23 % of the Danish waste is incin-

erated (additionally 69 % of the waste is 

recycled and recovered). Denmark has 

the highest share of municipal solid waste 

incineration in Europe, per capita more 

than 765 kg is incinerated annually. After 

source segregation of recyclables from 

household waste (e.g. paper, cardboard, 

metal, packaging) and separate collection 

of hazardous waste, the residual waste 

fraction is routed to waste incineration 

together with combustible waste fractions 

from recycling stations and industry. In 

total, about 3,400,000 tonnes of waste 

is incinerated in Denmark per year. This 

generates about 1,600 GWh electricity 

and 6,600 GWh district heating, as well as 

around 650,000 tonnes of bottom ashes 

and around 100,000 tonnes of air-pollu-

tion-control residues.

The Danish energy system – the crucial 
role of incineration

The Danish electricity production system 

consists of around 15 major power plants 

mainly fuelled by coal and biomass. These 

plants generally focus on electricity pro-

duction but also provide district heating 

to the extent needed. To supplement 

these plants, around 600 smaller decen-

tralised combined heat and power (CHP) 

plants are distributed throughout Den-

mark and fuelled by natural gas,biogas, 

biomass, and waste. Around 5 % of the 

electricity demand and close to 20 % of 

the district heating demand in Denmark 

is supplied by waste incineration. This 

illustrates that waste incineration has a 

very important role in the Danish district 

heating system.

Denmark has around 400 individual dis-

trict heating networks and more than  

60 % of all households are heated by dis-

trict heating. The rather expanded district 

heating system combined with the need 

for domestic heating provide optimal 

conditions for efficient utilisation of the 

energy contained in waste. Most of the 

more recent Danish waste incinerators 

have overall energy recovery efficiencies 

of above 90 %.

Controlling emissions – flue gas 
cleaning and wet scrubbers

Danish waste incinerators employ a range 

of flue gas cleaning techniques in order 

to best as possible minimise air emis-

sions: dry, semi-dry, and wet gas cleaning 

systems are in use. Vestforbrænding, for 

example, utilises both electrostatic precipi-

tators and fabric filters for dust removal, 

multiple-step wet scrubbers for removal of 

acid gases, injection of activated carbon 

for removal of dioxins/furans and mercu-

ry, as well as selective non-catalytic reduc-

tion for control of NOx emissions. Process 

water from the wet scrubbers is further 

treated before discharge to the municipal 

wastewater treatment facility. Sludge from 

this treatment process is mixed with the 

fly ashes to produce a single solid residue 

which is currently further processed and 

utilised for neutralisation of waste acid in 

Norway. 

Bottom ashes – a part of Danish 
infrastructure

After initial recovery of recyclable metals, 

almost all bottom ashes (> 99%) gener-

ated from Danish waste incinerators are 

utilised for construction purposes such 

as base layers in roads, parking areas, 

embankments, etc. (Astrup, 2007). A well 

established tradition for this practice ex-

ists in Denmark as the geotechnical prop-

erties of the bottom ashes are well suited 

for construction works and the ashes may 

substitute the natural aggregates other-

wise used in construction.

The bottom ashes from Vestforbrænd-

ing are transported to a processing and 

material recovery facility where large and 

small objects containing magnetic metals 

are removed by magnets. Non-magnetic 

metals such as aluminium and copper 

are removed by a series of eddy-current 

separators treating specific particle size 

fractions of the ashes. Stainless steel is 

removed in a separate step by detection 

of electrical conductivity. The metals are 

further cleaned from residual ash compo-

nents and later send to metal recycling. 

Any unburned material in the ashes are 

removed and returned to the incinerator.

The processed bottom ashes are typically 

allowed to mature for about 1-3 months to 

reach the final quality prior to road con-

struction. This has the additional benefit of 

allowing CO2 in the atmosphere to react 

with the ash components thereby forming 

carbonate minerals (this process is called 

carbonation) which contributes to an 

improvement of the leaching properties.



Incinerator capacity 600,000 tonne/year

Calorific value of waste 10.7 GJ/tonne

Electricity output 270 GWh/year

District heating output 1,130 GWh/Year

Overall energy recovery efficiency > 90 %

Air-pollution-control residues 15,000 tonne/year

Bottom ashes 78,000 tonne/year

Number of incinerator lines 4

Type of flue gas cleaning systems Wet scrubbers (acidic and alkaline steps)

Dust removal Electrostatic precipitators and fabric filters

Dioxin and mercury removal Activated carbon injection

NOx removal Selective non-catalytic reduction with  

ammonia injection

Table 1
KEy DATA for ThE VEsTforBrænDing inCinErATor in CopEnhAgEn.
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About 6 % and 1.5 % of the bottom ash 

mass are recovered as magnetic and non-

magnetic metals, respectively. For Vest-

forbrænding this corresponds to about 

6,000 tonne of metals annually send to 

recycling.

greenhouse gas aspects – benefitting 
the climate

Energy recovery at the Danish waste 

incinerators provides significant environ-

mental benefits for the Danish society as 

an equivalent energy production can be 

avoided elsewhere in the energy system. 

Electricity from waste incinerators primar-

ily substitutes electricity at coal power 

plants corresponding to average savings 

of about 850 kg CO2/MWh. Heat from 

waste substitutes district heating produc-

tion at other decentralised CHP plants, in 

average corresponding to additional sav-

ings of about 170 kg CO2/MWh (this value 

may vary significantly between individual 

plants). For an incinerator such as Vest-

forbrænding this roughly corresponds to 

downstream CO2 savings of more than 

400,000 tonnes (for details, see Astrup et 

al. 2009, Fruergaard et al. 2009, and Fru-

ergaard et al., 2010a).

Calculated for a single tonne of waste, 

the average downstream CO2 savings 

correspond to about 900 kg CO2/tonne. 

These savings should be compared with 

upstream CO2 emissions associated with 

production and provision of materials, en-

ergy and resources used for operating the 

incinerator (e.g. limestone, auxiliary fuels, 

water, etc.). Such consumptions typically 

correspond to upstream CO2 emissions of 

around 100 kg CO2/tonne of waste. 

Municipal solid waste contains both 

biogenic and fossil carbon. The biogenic 

carbon found in organic waste materials 

(e.g. food waste, paper, cardboard, wood, 

etc.) represents carbon recently captured 

by living organisms. Biogenic carbon is 

considered “carbon neutral” because the 

carbon is part of the natural cycle. Fossil 

carbon as found in plastic materials, on 

the other hand, is not part of the natural 

carbon cycle as this carbon represents 

emissions associated with anthropogenic 

activities. Fossil CO2 emissions from waste 

incineration are therefore accounted in 

the national CO2 inventories. When re-

leased during the combustion process, 

this carbon represents the main direct 

emissions of fossil CO2 from the incinera-

tor. Fossil carbon contents of combustible 

waste vary significantly according to local 

conditions: recycling schemes, waste col-

lection systems, shares of industry waste, 

etc. (Larsen & Astrup 2011). In Denmark, 

the fossil carbon content is estimated 

to around 30-45 % of total carbon cor-

responding to an emission of about 300-

550 kg CO2/tonne of waste incinerated.

To provide a full overview, the upstream 

and direct CO2 emissions should be 

added (400-650 kg CO2/tonne) and 

compared with the downstream savings 

(900 kg CO2/tonne). Although other CO2 

emissions and savings are associated 

with waste incineration, the mentioned 

contributions are the most important. The 

net savings in CO2 emissions related to 

efficient waste incinerators may therefore 

be in the order of 250-500 kg CO2/tonne 

of waste incinerated.

Environmental management – a life 
cycle approach to waste 

Several Danish waste incinerators have 

within the recent years actively involved 

life cycle assessment (LCA) modelling to 

provide better environmental support for 

decisions regarding strategic develop-

ment of waste management solutions, 

plant operation, and design of new plants. 

This has been done in close collaboration 

with the Technical University of Denmark 

and has resulted in the world-leading life 

cycle assessment model EASEWASTE. 

The model allows flexible definition of 

waste management solutions and track-

ing of contaminants in the waste in order 

to determine potential environmental 

impacts throughout the entire waste treat-

ment process chain. 

Vestforbrænding has, in additional to its 

ISO 14001 certified environmental man-

agement system, integrated the EASE-

WASTE model as a decision support tool. 

The model has, for example, been used 

for a system level balancing of material 

and energy consumptions for NOx remov-

al with the environmental impacts related 

to the direct air emissions. This resulted 

in changes in operation of the gas clean-

ing system thereby contributing to lower 

emissions at societal level.

Another example is life cycle assessment 

of air-pollution-control (APC) residue 

management. Worldwide numerous 

treatment techniques are available, not all 

however offer the same environmental 

benefits. Together with Vestforbrænding 

and other Danish incinerators, the EASE-

WASTE model has been used to assess 

and rank potential treatment options 

(Fruergaard et al. 2010b). A range of the 

Figure 1
oVErViEW of onE of ThE inCinErATor LinEs AT VEsTforBrænDing, DEnMArK.
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available management options was found 

to have significantly lower environmental 

performances than the rest. This informa-

tion provided the incinerators with a solid 

basis for future decisions regarding resi-

due management and an overview of the 

potentials for improvement.

public perception of incineration – 
maintaining broad acceptance  

Public acceptance of waste incineration 

is generally much higher in Denmark 

than most other countries. Typically, rela-

tively few local protests are put forward 

when waste incinerators are renewed or 

changed. An important reason for this 

is likely a public understanding of the 

high level of environmental protection 

enforced on these plants and a transpar-

ent acceptance process, but also the fact 

that most waste incinerators are publicly 

owned and are engaged in many other 

waste management activities than incin-

eration.

In addition to the incinerator, Vestfor-

brænding today operates a range of recy-

cling facilities, provides drop-off containers 

for curb side collection of recyclables (e.g. 

glass, paper, metals, batteries), as well as 

provides waste management consultancy 

for local companies, municipalities, and 

individual households. Vestforbrænding 

also hosts around 10,000 visitors annually 

and have established teaching facilities 

for schoolchildren and teachers. Vestfor-

brænding is jointly owned by 19 munici-

palities and collaborates closely with these 

to produce public awareness campaigns, 

sorting guidelines for households, and 

other types of information material.

research and development – designing 
the waste management of the future

The waste management companies, and 

waste incinerators, have over the years 

contributed significantly to research and 

development in relation to waste manage-

ment solutions, as well as education of 

students and researchers.

Vestforbrænding, together with other 

public and private stakeholders, have 

collaborated closely with the Technical 

University of Denmark for development 

of more sustainable solutions for waste 

management. Specific focus has been 

placed on the solid residues from incinera-

tion: identification of potential long-term 

release from residues by leaching, the 

specific relations between laboratory tests 

and field scale conditions, and develop-

ment of stabilisation techniques for APC 

residues.

Full-scale measurement campaigns have 

been carried out in order to determine 

how changes in the waste composi-

tion can affect the air emissions and the 

residue quality (Astrup et al. 2011) as well 

as the leaching from the bottom ashes 

when utilised for road construction. This 

information is used to further develop 

and improve the EASEWASTE model so 

that the Danish waste management sec-

tor can benefit from more accurate LCA 

results in the future.

outlook – further reducing the loss of 
resources

The Danish waste management opera-

tors, including Vestforbrænding, will hold 

a very central position in the future 

management of recyclable materials 

and resources in order to ensure a more 

circular economy and minimise the po-

tential loss of resources in waste materials. 

To achieve the goal of optimal recovery 

of energy and material resources from 

waste, a detailed knowledge of the waste 

itself as well as the technical possibilities 

is essential. Optimal solutions can only be 

achieved by integrated and system level 

assessment of the potential management 

options.

Denmark has a long tradition for a well 

structured waste management system 

where both residential waste as well as 

other waste types are managed and 

treated at common facilities, such as 

waste incinerators. The close interaction 

between the Danish universities, the 

waste management operators, private 

companies, as well as the authorities has 

been a key element in the development 

of robust and efficient waste technologies 

in Denmark. This provides a solid basis for 

further development of sustainable waste 

management solutions in Denmark.
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