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Abstract

This paper deals with waste management options in Life Cycle Analysis of wood products with the aim of assisting the LCA practitioner outlining waste management aspects for LCA case studies properly. In addition, an overview of general aspects of waste wood management in European countries is presented. The principal waste management options are secondary resource management (wood for energy, wood as material) and disposal (combustion without energy use, landfill, natural decomposition). Descriptions and systematics of these waste management options are given. With the definitions of “end of use” and “end of life”, these waste management options are connected to LCA of wood products. In LCA studies, the appropriate waste management option for a wood product at its end of use has to be chosen based on a set of distinct criteria. These criteria, which have to be analysed, are: 1) quality of material, 2) quantity of material, 3) infrastructure, 4) state of current/future waste management technology, 5) legislation, 6) market conditions, 7) costs and benefits, 8) socio-economic and other factors. These criteria are interdependent, e.g., the available infrastructure depends on the legislation and the quantity of material. The criteria must be described and documented in the LCA study to justify the selection of waste management options, which is demonstrated with examples from the national data collections. 

The following recommendations are given: 1) The chosen waste management option might have greater influence on results than the production of a wood product. 2) The greenhouse gas emissions in most cases depend mainly on the considered waste management option. 3) Practitioners should consider the criteria for selecting a waste management option and should make comparisons between different options. 4) As a minimum requirement, the listed main aspects of different waste management options should be considered. 5) To consider a possible hierarchy for waste management options: check national infrastructure, legislation, and cost/benefits, as well as global pressure. 6) Consider changes of product properties to make other waste management options possible. 7) At the end of use, a wood product should be brought to secondary resource management and not to disposal. 8) An LCA of wood products might highlight possible changes that should be made to allow a waste management option for the wood product with less environmental impact.
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 Introduction

This paper deals with waste management options in Life Cycle Analysis of wood products with the aim of assisting the LCA practitioner outlining waste management aspects for LCA case studies properly. The basic information for this paper was gathered by the national delegates of Working Group 3 “End of life: recycling, disposal and energy production” in the COST Action E9 “Life cycle assessment of forestry and forest products” from 1997 to 2001.

The results of LCA of wood products are mainly characterised by the production phase and the end of use treatment. Different waste management options for wood products at their end of use effect different LCA results. Even the same waste management option in different countries will lead to different results.

First the systematic of waste management options for wood products and a description of the different waste management options are presented. Then the connection to and integration of these options in LCA of wood products are outlined. A set of criteria for the appropriate selection of a certain waste management option is defined. These criteria are described with examples from the existing national waste management situation, which are documented in “Information about waste management options in Europe”, a working document compiled during COST Action E9 (Merl et. al. 2001) available on the web under http://www.rrz.uni-hamburg.de/cost/e9/.

1 Waste management options in LCA of wood products

An overview and a description of the different waste management options in LCA of wood products are given.

1.1 Overview

In Figure 1 the systematic of the different waste management options is shown. The waste management options consist of: 

· secondary resource management: wood for energy use, using wood as material,

· disposal: combustion without energy use, landfill, natural decomposition.

The secondary resource management options cover all reuse and recycling options as well as all options where wood is used for energy production. The products of secondary resource management are reused wood products, recycled wood-based material and energy. The environmental effects of secondary resource management must be allocated to the wood product and/or to the recycled material and/or to the energy. The different allocation options are outlined in another paper of the COST Action E9. Details see (Jungmeier et. al. 2001).

Disposal covers only waste management options where no further use of the product takes place. These options are combustion without energy use, landfill, and natural decomposition. Landfill gas production is a side effect, because it mainly aims at reduction of CH4-emissions from landfill and is therefore not primarily intended for energy production. All environmental effects of disposal options are allocated to the wood product.

In the following chapters, these waste management options are described in detail.
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Figure 1: Systems of waste management options in LCA of wood products.

1.2 Wood for energy use

Wood for energy use covers all processes where wood is used for energy production. Figure 2 shows an overview of the systems of wood for energy production. The products of wood for energy use are different forms of energy like heat, electricity (and heat in combined heat and power plants), and liquid fuels. The systems are structured following these various “energy products.” In the figure, it is indicated which systems are commercially available to date and which are still under development for future applications. Today, the combustion of untreated wood for heat is common practice in trade and industry as well as in commercial and private applications in some European Countries (e.g., Austria, Denmark, Sweden). Untreated and treated wood for electricity production is handled in conventional power plants by co-firing wood with the main fossil fuels (usually coal). Contaminated wood is fired in municipal solid waste combustion facilities or combustion plants for hazardous waste. Combustion plants for electricity generation from “wood fuel only” have started to play an increasingly attractive role in the energy sector. Details for these technologies are available in literature (e.g., Jungmeier et. al. 1999).

1.3 Using wood as material

Using wood as material covers all reuse, recycling and cascading options of wood products. Figure 3 shows an overview of the systems of using wood as material. The products of using wood as material are various forms of reused wood products or recycled material with the same or often lesser quality. Reuse means that an entire wood product or more often wood product parts or components are used for a new product (e.g., repair an old used table and put it back into use). Therefore, reuse also includes renovation and reparation of a wood product and its components. Recycling involves using material of wood origin again for its original or a similar purpose (e.g., particle boards to particle boards, paper to recycled paper). Cascading means the use of wooden material for a lower grade purpose and a change in physical properties (e.g., wood products for particle boards or paper).
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Figure 2: System overview of wood for energy use.

It is generally agreed that recycling leads to a product of lower quality compared to the original product and, therefore, an endless recycling of wooden material appears neither feasible nor reasonable. An example is the recycling of paper, where the recycled paper made of recycled fibres is of lower quality compared to paper made of fresh fibres, since each recycling of paper shortens the length of the fibres. 

Therefore, an important target of the secondary resource management system is to optimise the sequence of reuse, recycling, and cascading to a lower level of quality. The extent of cascade use is limited by technical, economic, and environmental aspects, as well as the intended product requirements.

1.4 Combustion without energy use

Combustion without energy use covers wood burning in 

· open fire, and

· combustion plant (no useful energy is produced).

Wood burning in an open fire is “no real technical solution” and is thus only relevant for LCA if it is regarded as an avoided use of wood by another waste management option. The main aim of wood combustion without generating useful energy is the reduction of mass or volume for landfill.
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Figure 3: System overview of using wood as material.

1.5 Landfill

The disposal option “landfill” is subdivided into: 

· controlled landfill, and

· uncontrolled landfill.

Controlled landfill implies that drainage water and landfill gas are collected. The leachate is treated and the landfill gas is burned with or without the production of useful energy. When a controlled landfill is full, it is covered and planted with grass and other plants. The technical standard of a controlled landfill site meets the requirement for safe storage of the disposed material (special buildings, underground storage, etc.), whereby continuous control is necessary. An uncontrolled landfill usually does not fulfil these conditions and has no leachate treatment, no collection of landfill gas, etc..

The decomposition time and rate of wood products in landfill, which strongly depends on the chemical and physical conditions of the landfill, is still under examination and discussed controversially. Some figures discussed are, e.g., paper decomposition 100% in 1 - 5 years or 70% in 20 - 40 years; wood decomposition 100% in 20 - 100 years or 50% in 150 years. Further details are available in literature, (e.g., Zimmermann et. al. 1996, Micales et. al. 1996, Ackermann et. al. 1998).

1.6 Natural decomposition

Natural decomposition means the aerobic decomposition of wooden material, which may allow a recycling of nutrients to some extent. The product might be a soil conditioner or growth medium. Natural decomposition processes are:

· natural decomposition in forestry (heterotrophic respiration), and 

· composting in composting plants.

Natural decomposition often takes place if the forest residues are left in the forest. The residues normally decompose aerobically in about 15 – 30 years and make nutrients available for the forest again. Composting of wood in composting plants is an aerobic process, in which compost or humus is produced in 0,5 – 1 year. Usually wood waste is co-composted with other organic material such as sewage sludge or the organic fraction of household waste, where wood gives by the texture to establish aerobic conditions for wet organic waste. These processes are principally designed to take place under aerobic conditions, but in practice under wet conditions, anaerobic zones with methane formation are possible.

2 Integration of waste management in LCA of wood products

After an introduction, end of use and end of life are described. Subsequently, the major aspects for the integration and handling of waste management options in LCA are outlined.

2.1 Introduction

LCA of wood products usually consists of three main phases (Figure 4): 

1. production: from biomass growth to wood manufacturing to the wood product (e.g., industrial wood to pulp and paper production and printing of a newspaper),

2. use (e.g., reading of newspaper), and 

3. end of use/end of life, i.e. application of possible waste management options to the wood product (e.g., combustion of newspaper).

The waste management options in LCA of wood products are important during the entire product service life and they apply to all phases of the life cycle until the end of use. Wood-based waste may arise during production, the use phase, and at the used wooden product itself at the end of its lifecycle. The products from secondary resource management (e.g., energy, recycled material) may be used in the production phase or somewhere outside the system boundary. The economic value depends on the market situation and can be positive or negative. Disposal has no useable products; the economic value of such products is, therefore, negative.
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Figure 4: Waste management options in LCA of wood products.

The impact of waste-wood management is at least as important, or even more important, as the impact of production (Engberg and Eriksson 1998, Börjesson and Gustavsson 2000). To illustrate this, an example of a comparison of wood versus concrete was dependent on whether the wood was landfilled or burnt for energy generation after use. Apart from a huge difference in the result between landfilling and incineration, the result of greenhouse gas (GHG) emissions from incineration also depends on which energy is substituted (Petersen and Solberg 2001). Figure 5 shows GHG emissions over the life cycle of a load bearing construction made of glulam beams, whereby the functional unit was 1 m2 roof. In comparison to the potential impacts from waste handling, GHG emissions from manufacturing are small. While Emissions from manufacturing and incineration are instantaneous, emissions from landfilling occur over a long period of time.

2.2 Definition “end of use” and “end of life” 

The “end of use” signifies the point in time where a wood product comes out of service by reaching the end of its service life or for any other reasons (e.g., destruction, renovation). The duration of a service unit of a wood product may have been a very short period (e.g., reading the daily newspaper) or long lasting (e.g., timber structure integrated in a building). The end of use of a wood product is characterised by potential further use or recycling:
· It can entirely or partially still be used for the same or other purposes, 

· The wood properties allow a use as raw material for other products (cascading),

· The wood properties allow a use for combustion and energy production.
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Figure 5: GHG emissions over the life cycle of beams in laminated wood (glulam) (Petersen and Solberg 2001).

The “end of life” of a wood product signifies the moment when further use or recycling is neither possible, and economically feasible, nor advisable, either:

· because the material properties do not allow further recycling, or

· because reintroduction of the wood product into new products is not uneconomical, or

· for any other reasons (e.g., contamination).

The various waste management options in connection with end of use and end of life are shown in Figure 6. The treatment of the wood product at its end of life is especially important. Large differences in terms of environmental and economic impacts (costs) may occur depending on the selected waste management option.
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Figure 6: Waste management options in relation to “end of use” and “end of life”.

2.3 Major aspects for LCA integration

The proper integration of different waste management options in LCA studies requires considerable quantities of specific information and data about these processes. From the practical experience of the delegates in COST Action E9, beyond the detailed description of the input material, the major aspects that significantly influence the results of LCA are outlined in 
Table 1
 for the different waste management options. These aspects are seen as a “minimum requirement” for proper analyses and integration of waste management options in wood product LCA.

3 Criteria for selection of waste management options

The criteria for the selection of a waste management option are outlined and their relevance for LCA are illustrated with examples from European countries.

3.1 Overview

In LCA studies (and in practice), the appropriate waste management option for a wood product at its end of use should be carefully chosen. The selection of a certain waste management option depends on a set of criteria which must be thoroughly analysed. These criteria are:

· quality of material (e.g., treated or untreated wood, mixture of different qualities),

· quantity of material (e.g., 1 kg or 20,000 t/a),

· infrastructure (e.g., transportation facilities, incineration facilities, treatment plants),

· state of current/future waste management technology and their availability,

· legislation (restrictions, legal distinction between waste and goods),

· costs and benefits,

· market conditions (e.g., price for fresh wood, energy prices, landfill fees),

· political and global drivers (e.g., compliance with international laws and protocols),

· socio-economic and other factors (e.g., public opinion, employment, tradition, comfort).

Table 1: Selection of major aspects of various waste management options for wood product LCA.

Waste management option
main considerations in wood product LCA

Secondary resource management



Using wood as material
· quality of recycled material (product)

· material efficiency

· auxiliary energy demand

· type of auxiliary energy

· water demand

· sludge quality and treatment


Wood for energy use
· technology/system (see Figure 2)

· energy efficiency

· ratio of electricity and heat

· emissions to air 1)

· ash treatment 2)

Disposal



Combustion without energy use
· emissions to air 1)

· ash treatment 2)


Landfill
· landfill gas production

· carbon decomposition and storage

· period of observation

· time-dependant CH4-emissions

· gas collection and use

· drainage water (leachate) collection and treatment

· accounting of long term effects


Natural decomposition
· aerobic/anaerobic conditions

· period of observation

· carbon decomposition and storage

· nutrient recycling 

· auxiliary energy demand

· gaseous emissions

1) mainly trace elements with contaminated wood

2) mainly trace elements in ashes with contaminated wood

These criteria are interdependent, e.g., the available infrastructure depends on the legislation and the quantity of material (Figure 7), and must be described and documented in the LCA study to justify the selection of a certain waste management option. In analysing these criteria, it is helpful to have an overview of the different waste management options that have been established in the past and are respectively existing today. 
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Figure 7: Interdependent criteria for the selection of a waste management option. 

One may argue that the environmental effects are major criteria for the selection of the waste management option which is of course true, but these are a result of the LCA treated here.

For illustration, examples for these criteria are shown in the next chapters quoted from the working document (Merl et. al. 2001) “Information about waste wood management in Europe”, developed within the COST Action E9 and documented on the web (http://www.rrz.uni-hamburg.de/cost/e9/). These examples should assist the LCA practitioner to determine the relevant criteria consistently.

3.2 Quality of material

The quality of the material determines possible waste management options. For example, old treated utility poles might be used for energy generation in special combustion facilities or might be deposited in landfill, but they can hardly be recycled or burnt in private stoves. The quality of the material strongly depends on the design of the wood product, the separation and sorting processes of waste collection, as well as pre-treatment. In the future it may become increasingly necessary to design the product properties according to their further use after end of use (e.g., design for energy, design for recycling).

The quality of the material may be described by a wood classification system according to examples of such systems in Germany and Greece. 

Example: Germany and Greece

Four groups of waste wood for incineration are distinguished in Germany and Greece:

1. untreated (natural) wood: timber processed only mechanically, forest residues (category I),

2. treated wood without organohalogen compounds: wood, plywood, particle boards, fibre boards, bonded wood also painted, varnished and coated wood, as well as residues from those boards (category II),

3. treated wood with organohalogen compounds, but without preservatives (category III), and

4. contaminated wood with wood preservatives (category IV).

The upper limits of contamination for these four groups of waste wood are shown in Table 2.

Table 2: Upper limits of contamination of waste wood (Marutzky et. al. 1997).

Pollutant
Category I
Category II
Category III
Category IV


[mg/kg]
[mg/kg]
[mg/kg]
[mg/kg]

As
0.8
2
> 2
> 2

B
15
30
> 30
> 30

Cd
0.5
-
-
-

Cr
2
-
-
-

Cu
5
20
> 20
> 20

Fe
100
-
-
-

Hg
0.05
0.4
> 0.4
> 0.4

Pb
3
-
-
-

Ti
5
-
-
-

Zn
50
-
-
-

Cl
100
300
> 300
> 300

F
10
30
> 30
> 30

N
0.5 (%weight)
-
-
-

PCP
1
2
> 2
> 2

Lindan
0.25
0.5
> 0.5
> 0.5

Benzo(a)pyren
0.05
0.1
> 0.1
> 0.1

Wood preservatives
no
No
no
yes

In addition to these contamination limits, the utilisation of old timber depends on the: 

· additional materials added during production and use phase, as well as the

· addition of chemicals (wood additives, paints and preservatives).

The additional materials can be divided in two categories:

1. easy to remove (e.g., cement, glass, metals), and

2. difficult or impossible to remove (e.g., paints, preservatives).

Chemicals are mixtures of various compounds used to protect timber against insects, fungi, bacteria and fire, as well as for improvement of its technical and aesthetic characteristics. The chemicals are divided into three groups:

1. additives,

2. paints, and 

3. preservatives.

The wood additives are of natural (e.g., starch glue, casein) or synthetic (e.g., urea formaldehyde, resins, polyurethane) origin. The paints are associated with various chemical compounds, whereby some of them might be detected optically by colour (e.g., white: CaCO3, ZnS/BaSO4). The wood preservatives are classified as water soluble inorganic preservatives (e.g., copper), organic preservatives (e.g., pentachlorophenol, lindan), and oily products (e.g., naphtalene).
3.3 Quantity of material

The quantity of material may determine the possible waste management option. It is clear that it is economically not feasible to build a combustion plant for a few kg of untreated waste wood each year, but it makes sense to build an incineration plant for several thousand t per year of contaminated wood waste. In LCA of wood products, different waste streams occur that vary in quantity. It seems obvious that a waste stream of 1 kg waste wood might need a different waste management solution than an amount of 200,000 t per year. The quantity of material is closely connected with the quality of the material and the available infrastructure (see chapter 4.4). Furthermore there is a close connection to market conditions (see chapter 4.8) and costs (see chapter 4.7). From an economic point of view, it is much more practical to build the necessary technical equipment and infrastructure for large quantities. The quantity of material is also closely related to legislation (see chapter 4.6). For instance, landfill of material with a carbon content higher than 5% will be prohibited in the future in Austria and Germany, which will divert the waste streams from landfill to other waste management options such as combustion or recycling. 

Two examples from Austria and Norway for different quantities of wooden waste and their treatment are outlined in the following.
Example: Austria

In Austria, about 1 Mio t of bark and 10,000 t of utility poles are yielded each year. For this enormous amount of bark, special decentralised combustion systems were developed and implemented to burn the bark for energy production mainly in small district heating systems. The utility poles are highly contaminated and therefore, burned in the only (central) existing incineration plant for hazardous waste. 

Example: Norway
As an illustrative example to indicate the interdependency of quantity of wood waste and the currently available infrastructure, the waste flows in Norway for waste wood and paper and various waste management options for waste wood and paper as part of the Norwegian infrastructure are related in Figure 8. Incineration is connected with energy generation in most cases (Frøyen et. al. 2000).
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Figure 8: Streams and treatment of waste wood (left) and waste paper (right) in Norway 1999 (Statistics Norway 2000, Frøyen et. al. 2000).

3.4 Infrastructure

All waste streams in LCA of wood products are or shall be part of the waste management system in a given country and Europe-wide. The most important characteristics of the infrastructure are:

· available systems and technology,

· central or decentralised facilities, 

· transport distances,

· amount of waste streams, and

· quality of waste streams.

The available infrastructure determines the transport distances and often the possible kind of waste treatment. For certain waste-wood assortments an infrastructure is available on a regional or even local level (e.g., example for bark in Austria in chapter 4.3). For other assortments only a centralised waste treatment option is available (e.g., example for utility poles in Austria in chapter 4.3). Some special waste fractions (e.g., toxic slag and filter dust) often have to be transported over long distances for proper disposal. The working document outlines the significant differences in the existing infrastructure for waste wood in European countries.

In some LCA studies, not only the existing infrastructure is of relevance. Since future developments will cause changes in the infrastructure, i.e. an increase of wood waste will lead to new combustion or recycling plants. It must be stated in LCA studies whether the considered waste management option is available in the current or in the future infrastructure.

Example: Selected European countries

In all European countries, a number of landfill sites are in operation, though the existence and number of waste incineration plants differs from country to country, as shown in Table 3. In Ireland, it is nearly impossible at the moment to burn wood; whereas in Denmark and Austria, various wood combustion facilities are well developed and are regionally as well as locally available. It is expected in all countries that, driven by future trends in legislation, the number of waste incineration plants will increase, mainly because landfill will be prohibited for materials with a carbon content over 5%.

Table 3: Number and types of incineration plants for (waste) wood in some European countries.

Country
Municipal waste incineration
Incineration of hazardous waste
Other incineration facilities

Austria1
3 (500,000 t/a)
9 (175,000 t/a)
· 400 district heating systems for bark and wood chips (460,000 t/a),

· industrial combustion in pulp&paper and particle board industry (750,000 t/a)

· domestic stoves for wood logs, wood chips, pellets, (6 Mio t/a)

Denmark2
31 (2,200,000 t/a)
1 (100,000 t/a)
· 80 district heating systems for wood chips and pellets (400,000 t/a)

· 1,000 industrial combustion plants (350,000 t/a)

· 300,000 domestic stoves for wood logs (600,000 t/a)

Finland3
80,000 t/a
no data collected
· domestic stoves for wood 2,800,000 t/a4
· 80 incineration stoves for wood: 2,400,000 t/a wood chips (forest industry)5
· 19 recovery boilers: 10,900,000 t/a black liquor (pulp industry)5

Greece6
none
None
· district heating systems: no facilities available

· industrial combustion exists, but no data available

· domestic for wood logs are in use in rural areas but no specific data existing

Ireland7
none
None
· industrial combustion in board plants and sawmills (179,000 t/a dry wt.)

· small domestic stoves/fires (110,000 t/a dry wt.)

Italy8
24 (1,757,018 t/a)
no data collected
· 204 incineration facilities (no differentiation concerning which waste is burnt: 1,912,000 t/a)

· Burnt wood waste with energy recovery 2,642,000 t/a

Netherlands9
16 (5,270,000 t/a)
no data collected
· All MSW – incinerators with energy recovery

Norway10
14 (no exact data available on amount/capacity:

· 9 with 0.4 – 3 t/h capacity

· 5 with 5 –20 t/h capacity)
(no data available on amount/capacity)
· 800 heat stations (0.02-0.15 MW) based on chips

· 300 bio fuel plants in saw mill (0.5 – 10 MW)

· 51 incineration for bark and chips (1 – 7.2 MW)

· 7 incinerators for wood chips, dust, shavings and wood waste (1.2 – 7 MW)

· 1 incinerator for fibres (20 t/a)

· 30 bio fuel plants in pulp & paper industry (2 – 30 MW)

· 5.000 central heating systems (0.01 – 0.05 MW) based on biomass

· 2 Mio small domestic stoves

· 9 incinerators for landfill gas (number is in increasing)

)1 Merl, 2001, )2 Evald, 2001, )3 Hohenthal 2001, )4 Salakari et al. 1995, )5 Approximation from Finish forest industry 1999, in Hohenthal, 2001 )6 Spanos et al. 2001, )7 McDarby 2001, ) 8 Gambineri 2001, )9 Voss 2001, )10 Benestad 1995.

Example: FINLAND
As described above, the infrastructure in the waste management sector is changing according to various criteria. As an example, the growth of the recovery rate of paper and cardboard in Finland is shown in Figure 9. The recovery rate is defined as the collected waste material from consumption in reference to the total yearly consumption. The recovery rate increased from 48% to 65%, in approximately 10 years and this trend will continue in future. Therefore, forecasts of the recycling rates of impregnated wood in Finland are shown in Figure 10, whereby this predicted development is strongly influenced by all other criteria mentioned in chapter 4.
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Figure 9: Development of the recovery rate of paper and cardboard in Finland (Hohenthal 2001, Paperinkeräys 1998).
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Figure 10: Forecast of the recycling rate of impregnated wood in Finland (Kangas 1999).

3.5 State of technology

The environmental effects of waste management are primarily determined by the selected waste treatment option and its technology. The LCA practitioner should collect the necessary information about the technology, such as a general description, data for energy efficiency and emissions to air, etc.. One especially important type of information is the state of the technology: Is it an old, average, or new technology, or is it a technology still under development? Is it commercially available and what are the costs for the various waste management technologies?

EXAMPLE: AUSTRIA

In Austria sixty-one different landfill sites are in operation. While some of them are relatively old (built before 1980), some are quite new (built less than five years ago). The old landfill sites are generally not equipped with an efficient landfill gas collection system and, therefore, they have comparatively high CH4 emissions. The newer landfill sites have gas collection systems with strongly varying efficiencies. Thus, for LCA applications and its results, it is essential to describe the state of the technology used: e.g., an “old” landfill site with a gas collection rate of 0%, a “state of the art” landfill site with a gas collection rate of 75%, or an “average Austrian” landfill site with a gas collection rate of 20% (Jungmeier et. al. 1998).

3.6 Legislation

All waste streams in LCA should be treated according to current or future legislation. If changes in future legislation are assumed, or if legislative requirements are not met, this should be mentioned in the documentation. The legislation might also be strongly influenced by political and global drivers (see chapter 4.9). The legal basis of the LCA study may also affect some definitions when dealing with the question of what is waste and what is a tradable good. In most European countries, the criteria for the quality of the inputs for landfill or incineration (see chapter 4.2) and the maximum allowed emissions from a certain waste treatment technology are regulated by law. Two examples for legislation on combustion in Germany and landfill in Austria are related here.

Example: Germany

Table 4 shows the German emission limits for the incineration of wood treated with preservatives.

Table 4: Emission limits for incineration of wood treated with preservatives in Germany (according the 17th BimSchV - Federal Immision Control Law) (Hansmann 1997).

Emission
mean value [mg/m³]

total dust
10

Carbon monoxide (CO)
50

total organic (TOC)
10

Nitrogen dioxide (NOx)
0.20

inorganic chlorides
10

inorganic fluorides
1

Sulphur dioxide (SO2)
50

Cd, Tl
0.05

Hg
0.03

As, Co, Cr, Cu, Mn, Ni, Pb, Sb, Sn, V
0,5

Dioxins
0.1 ngTEQ/m³

Example: Austria

According to the (Deponieverordnung 1996) in Austria, legislation describes four different types of controlled landfill for which the parameters for contamination and leaching behaviour of the allowed input materials are given in Table 5. The table shows that landfill of wood and paper wastes in Austria is prohibited due to the limited allowed total organic carbon TOC (C) value, ranging between 2 and 3 %. Because the necessary alternative infrastructure, such as combustion facilities or recycling capacities, is not available in a sufficient number in Austria, landfill for various wood waste mixes will be allowed until 2004.

3.7 Costs and benefits

Costs and benefits have a strong influence on the selection of a waste management option. When comparing costs for several options or choosing costs for an LCA study, it is always advisable to investigate the composition of the costs and benefits in detail and to take care that all aspects responsible for costs are included, e.g.: maintenance, later upgrading of landfill sites, taxes. The costs are strongly influenced by the quality of the material (clean or contaminated) and the legislation (taxes, which vary considerably between European countries and waste management options). As examples, the costs of different waste management options in European countries and the cost for recycling in Finland are given.

Table 5: Austrian landfill parameters for input material (Deponieverordnung 1996).

Parameter
Limit [mg/kgdry mass]


Typ A I
Typ A II
Typ B
Typ C

contamination





AS
50
200
200
5,000

Pb
150
500
500
-

Cd
2
4
10
5,000

Cr
300
500
500
-

Co
50
-
100
-

Cu
100
500
500
-

Ni
100
500
500
-

Hg
1
2
3
20

Zn
500
100
1500
-

TOC (C)
20,000
20,000
30,000
30,000

HC
20
20
100
5,000

PAK
0.5
0.5
2
-

leaching behaviour





pH
6.5-11
6-12
6-13

electr. 
150 [mS/m]
300 [mS/m]
-

Al
5
0.75
-

As
0.5
20
-

Ba
10
20
-

Pb
1
2
-

Ba
-
30
-

Cd
0.05
0.5
-

Cr
1.5
2.5
20

Co
1
2
-

Fe
10
-
-

Cu
2
10
-

Ni
1
2
-

Hg
0.01
0.05
-

Ag
0.2
1
-

Zn
10
20
-

Sn
2
10
-

NH3 (as N)
8
40
10,000

Cl
2,000
5,000
-

CN
0.2
1
20

F
20
50
500

N
100
500
-

N
2
10
1,000

P
5
50
-

SO4
-
5,000
25,000

TOC (C)
200
500
-

organics
5
50
-

EOX (as Cl)
0.3
3
30

TBS
1
5
-

Example: Selected European countries

Table 6 shows the range of costs for the waste management options for wood in some selected European countries. In Europe, the cost may differ substantially even for the same waste management option within the same country.
Table 6: Cost of waste management options in selected European countries  (€/t).

Country
Incineration
Landfill
Composting
Reuse/recycling

Austria1
73 - 727
32 - 288
15 - 73
-

Denmark2
25 – 45
12 – 40
10 - 30
-

Finland3
1 - 35
8 - 62
-
0 – 2,500

Germany4
120 - 250
-
-
-

Ireland5
-
38 – 100
-
-

Norway6
9 – 38
38
-
-

)1 Merl, 2001, )2 Evald, 2001, )3 Hohenthal 2001, )4 Speckels and Springer 2000, )5 McDarby 2001, ) 6 Benestad 1995.

EXAMPLE: FINLAND

The detailed costs of recycling CCA-treated poles and sawn timber in Finland are shown in Table 7, which also outlines the financing of these costs via energy generation and a recycling fee. The old CCA poles are bought from landowners and used for building material in gardens, whereby demand is larger than the supply. The idea, therefore, is to finance the recycling through a recycling fee that is equivalent to the selling price of the poles, which represents the difference between the total expenses and the income from energy according to Table 7. In the year 2000, a concentrated collection of the poles was started. The collected poles are chipped and burnt in well-equipped heating plants. The ashes and the condensed water are collected and shipped to a Finnish company for copper manufacturing, from where the CCA raw material originates. In this way the copper–chrome–arsenic impregnate is recycled and the energy stored in the wood is utilised.

Table 7: Cost and financing of the recycling of CCA-treated poles and sawn timber (Hohenthal 2001, Kangas 1999).

Work step
Poles [€/t]
Sawn timber [€/t]

collecting to intermediate storage
5.67
-

shortening of poles
1.05
-

transport to final handling
17.42
11.60

Crushing
3.24
3.81

expenses total
27.39
15.41

income from energy
6.15
6.15

recycling fee from customers
21.23
9.26

3.8 Market conditions

For the selection of certain waste management options, the market conditions may be relevant. Besides LCA-related aspects of different waste management options, there is an economic competition between these options. The three following market competitions seem particularly relevant:

1. material recycling of wood or paper versus acquisition of fresh wood or fresh fibres,

2. energy from wood versus conventional energy (mainly fossil and/or nuclear),

3. landfill of wood versus acquisition of fresh wood, material recycling, or energy from wood.

The market conditions for the different waste management options vary from case to case and from country to country. Currently the most environmentally friendly waste management solution is not generally the cheapest one. Therefore, the different market conditions are a relevant aspect for the selection or comparison of different options in LCA of wood products. Especially if the market conditions are very different between two options (e.g., high price of waste wood combustion to very low price for landfill) or if an option strongly contradicts to the “current common waste management practise”, this should be argued in the LCA documentation. 

EXAMPLE: FINLAND

Finnish market prices for second-hand wooden pallets, based on their condition, is given as an example in Table 8.

Table 8: Market prices of second-hand wooden pallets in a repairing firm (Hohenthal 2001, Vares and Mali 1999, Helsingin Puupakkaus Oy 1999, Kesko et. al. 1999).

Condition of pallet
Price [€/t]
Use

complete
210 - 270
Reuse in the same field of application

broken
125 - 145
Reuse in the same field of application (after repairing)

beyond repair
- 12 to - 30
Incineration with energy recovery

3.9 Political and global drivers

Individual countries are increasingly under pressure to comply with international legislation and protocols, some of which may have direct influence on the selection of waste management options. Legislation such as the E.U. Landfill Directive and international agreements such as the Kyoto Protocol will set national and regional targets (see also chapter legislation 4.6). In turn, this will influence the choice of waste management options at end of life and will lead to regulatory and/or fiscal pressures on those options that do not contribute towards meeting the targets. In particular, the option of landfilling will become increasingly unavailable while the options of recycling and combustion for (renewable) energy recovery will be increasingly encouraged. 

EXAMPLE: NORWAY

Sometimes political authorities interfere with market mechanisms through taxation or other policies that “favour” more environmental friendly waste handling options, like the Norwegian example shows:

Landfilling recyclable or combustible wood waste will not be prohibited, but the Norwegian government intends to reduce the total amount of waste that comes to landfill and increase reuse of materials. The government has two means to reach this target. 

Firstly, in 1999 they put a tax on final waste treatment (Ministry of Environment 2000). If organic or mixed waste comes to landfill, the tax is 300 NOK per ton (~ 37.5 €/t). Conversely, there is no tax on landfilling of inorganic waste. Since this tax only serves to reduce the amount of waste landfilled today, the Pollution Act is used to force owners of landfills to install equipment for collection and burning of gas. Concerning incineration of waste, the tax is divided in a basic fee of 75 NOK per ton (~ 9.4 €/t) and an additional fee of 225 NOK per ton (~28.1 €/t). The additional fee is reduced depending on how much of the energy from combustion is utilized. In addition, one has to pay the owner of the landfill or the incinerator for the work.

Secondly, all future building projects will have to make a waste management plan in advance of the construction work (Statistics Norway 2000). The local authorities can either accept or reject the plan based on environmental considerations. This regulation does not give any opportunity to demand a certain waste handling, but it forces the builder to consider waste handling during the planning process.

3.10 Socio-economic and other factors

The socio-economic and other factors may influence the selection or possible realisation of a certain waste management option. Some of the most important socio-economic factors are:

· environmental awareness,

· image of a waste management option,

· public acceptance and opinion,

· tradition,

· marketing activities for certain waste management options,

· employment possibilities,

· possible benefits for “neighbours” (e.g., reimbursement for property loss value),

· local/regional impacts.

These factors are of a high importance especially if a new waste management treatment plant (e.g., waste wood incinerator) should be built. The results of a LCA might help to inform the public and to establish pro and contra arguments for a new treatment facility. 

4 Recommendations

The recommendations to be drawn for LCA practitioners are:

· The selected waste management option in LCA of wood product may have greater influence on results than its production.

· In most cases the greenhouse gas emissions of wood products depend mainly on the waste management option considered.

· Practitioners should consider the criteria choosing between waste management options and make consistent comparisons.

· As a minimum requirement, the listed main factors of the waste management options should be considered in LCA of wood products.

· A possible hierarchy for waste management options should be investigated: check national infrastructure (technology), legislation (quantity, quality), and cost/benefits, as well as global pressure.

· Changes in product properties may enable other waste management options (design for energy, design for recycling) and should be considered.

· At the end of use, a wood product should be brought to secondary resource management and not to disposal.

· An LCA of wood products might highlight possible changes that should be made to allow a waste management option for the wood product with less environmental impact.
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Tabelle1

				1990		1991		1992		1993		1994		1995		1996		1997

		furniture&furnishing		86.804		94.713		101.219		105.131		109.995		114.707		123.088		127.572

		packing material		34.537		27.686		28.187		31.348		31.749		39.03		34.594		43.61

		construction&building products		162.449		155.074		155.572		144.396		150.958		156.49		165.292		179.334

		other products		21.975		21.399		19.629		20.594		20.958		20.358		21.178		20.524

		loss in production		917.59		873.409		832.133		845.157		815.635		786.114		756.593		734.763

		Total		1223.355		1172.282		1136.74		1146.626		1129.296		1116.699		1100.744		1105.804
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		printed matter		276		306		291		333		319		389		356		372		435		436		482		469		456		407		441		436		441		459		474		489		519		544

		packing materials		210		213		212		218		212		198		207		224		232		256		245		244		277		270		281		272		276		289		259		230		209		242

		buildings&other products		162		130		114		81		106		99		84		64		63		66		73		79		71		94		90		128		136		100		116		132		118		126

		sanitary-&household products		34		38		36		49		50		55		55		56		56		70		75		82		101		90		95		92		87		83		79		75		75		77

		Total		682		687		653		682		687		741		703		716		786		829		875		873		906		860		907		928		941		931		929		926		921		990

		wood waste

		reuse&recycling		28.7%

		incineration		43.3%

		landfill		27.1%

		other		1.0%

		Total		100%

		paper waste

		reuse&recycling		47.0%

		incineration		12.0%

		landfill		37.0%

		toilet paper in drain		3.8%

		Total		100%

		Recycling Finland

				2000		2005		2010		2015

		saw timber, CCA		24		33		40.5		48

		poles, CCA		70		80		85		90

		poles, creosote		65		80		85		90

		sleepers, creosote		75		90		92.5		95

				1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999

				48		52		56		59		57		56		57		62		61		63		65
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Diagramm3
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Diagramm6
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Tabelle1

				1990		1991		1992		1993		1994		1995		1996		1997

		furniture&furnishing		86.804		94.713		101.219		105.131		109.995		114.707		123.088		127.572

		packing material		34.537		27.686		28.187		31.348		31.749		39.03		34.594		43.61

		construction&building products		162.449		155.074		155.572		144.396		150.958		156.49		165.292		179.334

		other products		21.975		21.399		19.629		20.594		20.958		20.358		21.178		20.524

		loss in production		917.59		873.409		832.133		845.157		815.635		786.114		756.593		734.763

		Total		1223.355		1172.282		1136.74		1146.626		1129.296		1116.699		1100.744		1105.804

				1976		1977		1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997

		printed matter		276		306		291		333		319		389		356		372		435		436		482		469		456		407		441		436		441		459		474		489		519		544

		packing materials		210		213		212		218		212		198		207		224		232		256		245		244		277		270		281		272		276		289		259		230		209		242

		buildings&other products		162		130		114		81		106		99		84		64		63		66		73		79		71		94		90		128		136		100		116		132		118		126

		sanitary-&household products		34		38		36		49		50		55		55		56		56		70		75		82		101		90		95		92		87		83		79		75		75		77

		Total		682		687		653		682		687		741		703		716		786		829		875		873		906		860		907		928		941		931		929		926		921		990

		wood waste

		reuse&recycling		28.7%

		incineration		43.3%

		landfill		27.1%

		other		1.0%

		Total		100%

		paper waste

		reuse&recycling		44.0%

		incineration		11.0%

		landfill		41.0%

		toilet paper in drain		4.0%

		Total		100%

		Recycling Finland

				2000		2005		2010		2015

		saw timber, CCA		24		33		40.5		48

		poles, CCA		70		80		85		90

		poles, creosote		65		80		85		90

		sleepers, creosote		75		90		92.5		95

				1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999

				48		52		56		59		57		56		57		62		61		63		65
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