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WASTE STUDIES, QUALITY AND 
PRODUCTION OF RECOVERED FUELS*)

Successful energy recovery is based on the production of good-

quality recovered fuels (REF) from dry and combustible wastes of

companies, traders and households. In special cases other waste

streams can also be used, e.g. sewage sludges, electronic scrap, car

tyres, etc., but they demand their own special techniques. Certain

waste fractions can be co-combusted in conventional power plant

boilers and also in cement kilns or blast furnaces. 

REF can be processed into marketable fuels suitable for the 

handling, feed and combustion equipment of existing power plants.

The efficiency of source separation as well as the sorting system 

and the materials to be handled affect the unit operations required:

• crushing

- metal separation

- heavy/light separation

• optical sorting

- screening

- secondary crushing

Fuel quality is assured by systematic sampling and analyses, on 

the basis of which the product is classified into different quality

classes. These are currently being defined in a proposal for 

Finnish standards.

* REF = RECOVERED FUEL
Fuel produced from selected, non-hazardous, combustible, dry, 
source-separated waste

* RDF = REFUSE DERIVED FUEL
Fuel produced from mixed municipal waste by a mechanical handling process

Materials and energy recovery from household waste
requires source separation. The figure illustrates a 
typical weight distribution. 

Waste to ener

Paper 30 %

Metals and glass 3 %

Organic waste 17 %

Dry waste 50 %

The total costs of energy management in Finland are about EUR 1 billion per annum. There are about 1,000 waste 
management companies operating in the country. Approximately three million tonnes of municipal waste 

and roughly the same amount of similar industrial solid waste are generated each year.  The energy content of 
this waste is 3 Mtoe per annum, and most of it is currently landfilled. This will have to be reduced significantly when 

landfills are closed and landfill charges and waste taxes are raised in order to meet the materials and 
energy recovery goals of both the Council of State’s waste programme and the relevant EU directives. 

Several companies are strongly developing the integrated waste management policy by optimizing material recycling 
and energy solutions. The European advanced waste to energy market is growing rapidly, creating new business models,

structural changes, logistical and technical innovations.



Controlling the quality of REF requires the develop-
ment of special analyses based on standardised ana-
lytical methods. 

Example of the layout of recovered fuels production
facility (Pirkanmaan Jätehuolto Oy).
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KEY AREAS OF EXPERTISE
• Knowledge of waste materials

The composition and source of waste 

materials affect the method, economy and 

environmental impacts of their reclamation.

When selecting materials the aim should be

to achieve solutions that reduce waste and

facilitate recycling and energy recovery. 

• Source separation 
and fractionation of wastes

Wastes are source separated into 1-6 bins,

depending on the source and quality of

commercial and household waste. Individual

systems differ from one another and set 

different demands on further processing of 

the waste and especially on the separation of fractions for energy

recovery. 

• REF production
Marketable REF classes for different energy applications are

produced by mechanical processing from source-separated waste 

streams. Fractions of several quality classes can be produced for

different end-users and boiler types. 

• REF quality control and analytical services
The quality of REF must be controlled and assured throughout the

entire process from waste sorting to market fuel. This is a basic 

pre-requisite for safe and controlled use. Different fuel classes are

specified by quality classification. The specifications are based on

sufficiently extensive and accurate sampling, sample handling and

standardised fuel analyses. We have expertise in special REF 

analyses and in the significance of REF with regards to harmful

ash compounds that cause boiler corrosion (e.g. chlorine, alkali

and heavy metals, aluminium), and ash fusion problems. The

most appropriate applications of the wastes are defined on the

basis of the analyses. A Finnish (SFS) standard is prepared for 

recovered fuels in order to meet the market requirements.

• Process safety and occupational health
The manufacture, storage and processing of REF involves safety,

fire and health risks that are countered by means of appropriate

precautionary measures and working practises. The waste materi-

als and their processing stages are sources of biological, physical 

or chemical risks. Occupational health solutions take account of 

microbes and their decomposition products, dust, chemical 

compounds and gases emanating from wastes. 



The recovered fuel used in district heating 
boilers is mainly wastewood.

REF is generally used as an additional fuel in 
conjunction with wood.

ised solutions
• Combustion techniques

REF co-combustion techniques are developed in collaboration with

equipment manufacturers and energy utilities for different sizes

and types of boiler. Field measurements are used to verify the 

success of co-combustion or to seek solutions to problems such as 

boiler fouling and corrosion and the reduction of flue gas

emissions by separators or scrubbers. The behaviour of different 

REF classes in boilers can be predicted by laboratory tests. 

• Gasification techniques
REF often contains impurities like chlorine, alkali and heavy 

metals and aluminium in such quantities that they cannot be

tolerated in large power plant boilers. They pose too high 

a risk for boiler availability and hinder the achievement

of low flue gas emissions. The problem can often be solved by 

gasification. This involves gasifying the REF, removing solid and 

gaseous impurities from the gasified fuel, and then piping the 

clean gas to the main boiler for combustion. The solution also 

reduces the need for fossil fuel. Different gasification tech-

niques predominate in different power ranges. We are developing

new solutions for different waste types for rapidly growing 

markets.

• Pyrolysis and other special techniques
The pyrolysis processes can be used to produce liquid fuels. 

These fuels can be stored and used like ordinary fuel oil. 

Other special techniques are the use of the fuel in cement kilns, 

blast furnaces and as a reducing gas. The number of waste 

incineration plants based on different types of pyrolysis/gasifica-

tion solutions such as the Thermoselect, Siemens and Noell 

processes are growing in Europe. The applicability of these 

processes to Finnish conditions is being studied, especially 

from the perspective of increasing the production of electricity. 

• Ash
The composition of the ash produced by co-combustion and 

gasification must be known so that the possible limitations of its 

utilisation can be assessed. Special methods can be used to vitrify 

ash taken to the landfill, significantly reducing the harmfulness of 

leachates. All of VTT’s expertise is available for research 

into the after-use and utilisation of ash.

• System and feasibility studies
A combination of materials and energy recovery that minimises 

waste management costs can often be found, especially for the 

high volumes of waste and by-products from industrial plants. 

In the field of LCA and system studies we offer the wide and 

interdisciplinary expertise of VTT for the customers. 



VTT Energy is strongly developing R&D services in the field of
energy recovery from waste materials. It offers industrial, waste
management and energy companies as well as other customers a
diverse range of solutions covering the entire recovery chain.
VTT’s Waste Conversion research programme is producing basic
technical capabilities as well as customised solutions for optimal
material recycling and energy recovery. The programme is
supported by the broad-based expertise of not only VTT Energy 
but also the entire Technical Research Centre of Finland. 

Energy supply in Finland is based on a diverse range of different

energy sources and fuels. In Finland solid-fuelled boilers are widely

used in industry and in communities, providing a natural base for

the use of REF. These more than 200 boilers are used to produce

useful energy in the form of electricity, district heat and process

steam.  Indeed, Finland is the world’s leading producer of electricity

in combined heat and power plants (CHP), which ensures a

favourable energy price. 

Less than 10 % of the energy content of wastes is recovered in

Finland. Waste incineration is widespread in Europe, but only 10-15 %

of the energy is obtained in the form of electricity with current

technology. The new EU waste incineration directive will mark out

alternative waste processing solutions. VTT’s Waste Conversion

research programme is developing new technologies, especially co-

combustion, to meet these more stringent requirements. The aim is

to create new CHP plant solutions with an electricity efficiency as

high as 20–40 % and total efficiency of 70–85 %. Investment and

operating costs will be lower as REF can be mixed with other fuels

or gasified to clean gas for combustion in existing energy production

plants. The aim is to recover the energy content of wastes at costs

lower than those of landfilling. The combustion of REF may not

have any adverse impact on the cleaning of flue gas emissions and

the utilisation of ash, nor may the level of emissions rise compared

with the combustion of primary fuels. These solutions will also

reduce greenhouse gas emissions at landfills and in energy

production, which has a significant impact on a reduction targets

defined by the Kyoto agreement.

The quality of REF is assured in the proposed waste reclamation

model by means of good source separation and the processing of

the fuel into different product fractions. Good source separation 

creates an economic basis for the simultaneous development of

materials recovery and supports the objective of ecological industry.

Comprehensive management of waste reclamation will provide a

sustainable and economic solution.

Conventional fluidised bed combustion is applicable
for most recovered fuels (REF) in Finland.

Collection of combustible waste in Finland, 4-6 
million tonnes per annum.

Gasification technology makes it possible to substitute
REF for part of the fossil fuel used in large coal- and
gas-fired boilers.

NEW TECHNOLOGIES 
FOR WASTE RECLAMATION

Combustible
process waste
from industry
(excluding
sludges or wood-
based waste of
the forest 
industry), 2-3 
million tonnes. 

Trade and 
industrial packag-
ing wastes and
small industrial
process waste
1-1.5 million 
tonnes.

Dry household
waste, 0.8 million
tonnes.

Combustible construc-
tion and demolition
wastes, 0.5 million
tonnes.

Office and other 
similar wastes, 
0.2 million tonnes.



VTT ENERGY
New Energy Technologies

Biologinkuja 5, P.O. Box 1601 Espoo, FIN-02044 VTT
Koivurannantie 1, P.O. Box 1603, FIN-40101 Jyväskylä

e-mail: forename.surname@vtt.fi

Energy recovery, system studies
Lassi Hietanen, Group Manager, tel. +358 14 672 520
Kai Sipilä, Research Professor, tel. +358 9 456 5440

REF production, quality classification
Juhani Juvonen, Research Scientist, tel. +358 14 672 524

REF processing
Carl Wilén, Senior Research Scientist, tel. +358 9 456 5452

Occupational health of waste processing
Sirke Hyvönen, Research Scientist, tel. +358 14 672 509

Fuel analyses and ash problems
Antero Moilanen, Senior Research Scientist, tel. +358 9 456 6599
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