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Abstract: The COST (European Co-operation in the Field of Scientific and Technical Research) Action E9 (1997 to 2001) is a multi-disciplinary forum for the exchange of information on “Life cycle assessment (LCA) of forestry and forest products”: harmonisation and improvement of methodologies, collection and exchange of data, comparison of wood with non-wood products. The aim of COST Action E9 is, to establish an European forum on LCA in forestry and forest products. 19 European countries are involved in the Action, which is subdivided in 4 Working Groups (WG): 1) Production: energy, carbon, and other material cycle; 2) Land use; 3) End of life: recycling, disposal and energy production and 4) Methodology. 

This paper deals with WG3, whose objectives are to 

· propose calculation and allocation rules for multi-product systems and for recycling, energy generation and disposal, 

· evaluate energy generation from wood and fibres and 

· propose methods and guidelines for integration of carbon, energy and other material cycles into LCA for forestry and wood products. 

Based on the results of the work in the participating countries a collection of recommendations for the above objectives will be documented in the following papers

· Allocation in Multi Product Systems – Recommendations for LCA of Forest Products

· Energy Generation from Wood and Fibres – Aspects for Integration in LCA of Forest Products

· Wood products of today are the fuels for tomorrow

· End of Use and End of Life Aspects in LCA of Wood Products – Selection of Waste Management Options and LCA Integration

Further information is available on: http://www.rrz.uni-hamburg.de/cost/e9

1 Introduction

Europe currently produces and consumes the roundwood equivalent of approximately 400 million m3. The wood is used for wooden products for various purposes such as building, furniture production, pulp and paper and for energy. Wood is renewable, recyclable and can be burned virtually CO2 neutral to release stored solar energy. Perhaps most important, wood will be permanently available if it is harvested from sustainably managed forests. Wood is therefore world-wide the most important renewable raw material and fuel and in Europe it is the single most important carbon sink. The amount of wood felled and extracted from European forests will increase by approximately 15% from 1990 to 2010. In the same period demand for all wood products (solid wood, wood based panel products and pulp and paper) has been predicted to grow by 80%.

Life cycle assessment (LCA) of forestry and forest product is a relatively new and developing science which is already seen as an important tool to evaluate the environmental impact of forestry and forest products over their total life time. The major reasons for performing LCAs are:

· to obtain quantified and reliable information for the emotional debate on the environmental impact and benefits of wood products so that this information can be used by industry and policy makers

· to improve production and recycling techniques by minimising steps with high environmental impact or choosing different processing routes to reduce environmental impact

· to highlight areas where information on the environmental impact of products is still unknown or uncertain

· to enable comparison between different materials and products that are used for the same purposes (e.g. railway sleepers from wood, concrete, steel)}

The COST (European Co-operation in the Field of Scientific and Technical Research) Action E9 is a multi-disciplinary forum for the exchange of information on “Life cycle assessment (LCA) of forestry and forest products”. Its working period is 1997 to 2001 and its goals are: 

· harmonisation and improvement of methodologies, 

· collection and exchange of data, 

· comparison of wood with non-wood products. 

COST Action E9 has established an European forum on LCA in forestry and forest products. The aims and goals of this action are defined in the Memorandum of Understanding (MoU) (European Commission 1997). 19 European countries signed the MoU and are involved in the Action, which is subdivided in 4 Working Groups (WG): 

1) production: energy, carbon, and other material cycle; 

2) land use; 
3) end of life: recycling, disposal and energy production and 
4) methodology. 

This paper deals with WG3 “End of life: recycling, disposal and energy production”, whose objectives are to 

· propose calculation and allocation rules for multi-product systems and for recycling, energy generation and disposal, 

· evaluate energy generation from wood and fibres and 

· propose methods and guidelines for integration of carbon, energy and other material cycles into LCA for forestry and wood products. 

National delegates from the following 15 countries contributed to the working group: Austria, Belgium, Denmark, Finland, France, Germany, Greece, Hungary, Ireland, Norway, Portugal, Sweden, Switzerland, The Netherlands, United Kingdom. The national delegates formed a multidisciplinary team to deal with end of life aspects in LCA of forest products. 

The working group organised 11 workshops during the time 1997 to 2001; the number of participating national delegates varied between 15 and 20. In these workshops about 40 presentations were held. These presentations were the starting point for detailed discussion in the workshops, which have been continued by e-mail and phone. Further on LCA relevant information and literature was collected. To outline the differences in waste management in the different European countries a collection and processing of country specific information was done by the national delegates. In the second half of the action the group focused on three main topics – energy, allocation and waste management options - to come to common conclusions, recommendations and guidelines for LCA practitioner. 

Summing up based on the objectives of the group the experience made was a detailed knowledge exchange, an improvement of methodology and the development of new approaches for LCA applications in the field of forest products.

2 Results

2.1 Overview

The main progress after 4 years of a European Co-operation in the field of LCA of forest products is the exchange and distribution of information, the collection and documentation of case studies and examples, common definitions and descriptions of terms used within LCA as well as conclusions, guidelines and recommendations concerning end of life aspects in LCA of forest products documented in working papers and publications. Based on the experience from the national delegates the result of the co-operation is a collection of recommendations for to the following topics, described in more details in the following chapters:
· Allocation in LCA of forest products

· Energy aspects in LCA of forest products

· Biofuels made of wood products

· Waste management options in LCA of wooden products.

2.2 Allocation in LCA of forest products

The allocation in LCA of forest products has been discussed for a long time and different solutions have been presented. In general it is accepted, that the influence of different allocation options on the results of LCA of forest products can be very significant. The paper “Allocation in LCA of forest products – recommendations from COST Action E9” is a result of the COST Action E9 "Life cycle assessment of forestry and forest products" (Jungmeier et al., 2001). It represents the expertise of COST E9 delegates and mainly addresses descriptive uses of LCA.

Wood is a renewable material that might be used for products and energy production. For the consideration of wood within Life Cycle Assessment (LCA) its biogenic provenance causes specific allocation problems. Natural processes and technical interventions in forestry have to be accounted for in system boundary setting. Consistent methodological procedures are needed in order to correctly address the twofold nature of wood as material and fuel, multi-functional wood processing which generates large quantities of co-products (e.g. bark, wood chips), and reuse or recycling of paper and wood. In general 10 different processes in LCAs of forest products are identified, where allocation questions may occur (Figure 1): forestry, saw mill, wood industry, pulp and paper industry, particle board industry, recycling of paper, recycling of wood based boards, recycling of waste wood, combined heat and power production, landfill. 

Following recommendations of ISO 14 041 a step-wise procedure for system boundary setting and allocation are outlined. As first priority, allocation should be avoided by system expansion, thus adding additional functions to the functional unit. Alternatively, the avoided-burden approach can be followed by subtracting substituted functions of wood, that are provided additionally. If for the goal of the study allocation cannot be avoided, allocation procedures have to be applied to distribute the environmental loads of multi-functional processes. As examples, different allocation procedures are presented throughout the wood chain. 

The following recommendations for allocation in LCA of forest products are given. 1) Energy and carbon content are characteristics of the wood and reflect the material and energy aspects of wood. A balance of the biological carbon and energy is necessary. Carbon uptake and the embodiment of energy as inherent material characteristics should always be allocated on a mass basis to avoid artefacts. The biogenic carbon neutrality does not necessarily mean greenhouse gas neutrality, as C emissions may occur as methane or derive from non sustainable forestry. 2) Avoid allocation by extension of system boundaries by combining material and energy aspects of wood. This means a combination of LCA of wood products and of energy from wood (bioenergy) with a functional unit for products and energy (e.g. 1 m3 particle boards + 3 kWh energy). 3) Substitute energy from wood with conventional energy (e.g. energy from coal) in LCA of wood products to get the functional unit of the wood product only (e.g. 1 m3 particle boards), but identify the criteria for the substituted energy (e.g. kind and quality of energy, state of technology). 4) Substitution of wooden products with non-wooden products in LCA of bioenergy is not advisable, because the substitution criteria are too complex. 5) If avoiding allocation is not possible the reasons should be documented. 6) If an allocation between different co-products is necessary for a certain process (e.g. saw mill) all upstream environmental effects have to be allocated too (e.g. upstream effects of saw mill might be transport and forestry). 7) Different allocation options must be analysed and documented. In many cases it seems necessary to make a sensitivity analysis of different allocation options for different environmental effects. It might also be useful to get the acceptance of the chosen allocation option by external experts. 8) For allocation in forestry it is necessary to describe the main function of the forest where the raw material is taken out. In some cases different types or functions of forests must be considered and described. The main function often indicates the allocation option. 9) Regarding the experiences from the examples, the following most practical allocation for some specific processes are identified: forestry: mass and volume; saw mill: mass and market price; wood industry: mass and market price. 
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Figure 1: Processes to be considered in LCA of forest products (Jungmeier et al., 2001)

2.3 Energy aspects in LCA of forest products

The treatment of energy in LCA of forest products has been discussed for a very long time and different approaches have been presented. In general it is accepted that energy aspects play a crucial role in LCA of forest products and the treatment of energy might have a significant influence on the results of the LCA. The paper “Energy aspects in LCA of forest products – guidelines from COST Action E9” outlines guidelines for the treatment of energy in LCA of forest products, that reflect the experience of COST E9 delegates, who contributed in Working Group “End of life – recycling, disposal and energy generation” (Jungmeier et al., 2001a).

After an overview of different aspects of energy in LCA of forest products the following four most important aspects are identified: 1) aspects of energy and carbon balance (Figure 2), 2) aspects of energy generation, 3) aspects of energy substitution and 4) aspects of comparison with other waste management options. For these aspects, guidelines are developed and examples are given to demonstrate the practical application of theses recommended guidelines. As a minimum requirement in LCA applications of forest products it is recommended that these aspects are considered and documented carefully. 

In addition to these aspects the following conclusions for LCA practitioners are drawn: 1) Draw attention to losses of potential energy in carbon and energy balances. 2) Compared to heating value of biomass the auxiliary energy need is low (< 10%). 3) The substitution rate of bioenergy for fossil fuel (oil, gas, coal) might be lower than 100%, depending on technical systems available. 4) A high substitution rate might be an optimisation criterion for LCA. 5) A sensitivity analysis of different substitution criteria should be made. 6) Compare energy generation to other waste management options. 7) Use of bioenergy might be “CO2-neutral” but not “CO2-free”. 8) Most important benefit of bioenergy is greenhouse gas reduction by substituting fossil energy, but other environmental aspects might be not so beneficial (e.g. particles, NOx).
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Figure 2: Carbon balance of bioenergy – example: heat from district heating plant fired with wood chips (Jungmeier et al., 2001a)

2.4 Biofuels made of wood products

The paper “Wood products of today are the fuels for tomorrow” (Evald et al., 2001) outlines that energy generation at the end of use adds important benefits to the wood product, because losses of fibres are avoided and energy consumption from fossil fuels (coal, oil and natural gas) is reduced. Many case studies show that energy generation has lower environmental impacts, mainly greenhouse gas emissions, than recycling and disposal of waste wood.

The following consequences are concluded: 1) Recycle less, because energy is lost, 2) Use more wood, 3) Create markets for wood products – an issue for governments and EC based on Kyoto, 4) Avoid contamination of wood products to make energy generation possible, 5) Plan and design wood products that an easy combustion is possible at their end of use.
2.5 Waste management options in LCA of wooden products

The paper “Waste management options in LCA of wooden products – criteria from COST Action E9” deals with waste management options in LCA of wooden products with the aim to assist LCA practitioner to outline waste management aspects in LCA case studies properly and to give an overview of general aspects of waste wood management in European countries (Jungmeier et al., 2001b). 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”.

The different waste management options consist of 1) secondary resource management (wood for energy, wood as material) and 2) disposal (combustion without energy use, landfill, other natural decomposition) (Figure 3). Descriptions and the systematic 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 wooden products. The environmental effects of secondary resource management must be allocated to the wooden product and/or the recycled material and/or the energy. All environmental effects of disposal are allocated to the wooden product.

In LCA studies the adequate waste management option for a wooden product on its end of use has to be chosen based on a set of different criteria. These criteria, which have to be analysed, are: 1) quality of material (e.g. untreated or treated wood), 2) quantity of material (1 kg or 20,000 t/a), 3) infrastructure (e.g. transportation facilities), 4) state of current/future waste management technology, 5) legislation (restrictions, what is waste or what are goods?), 6) market conditions (price for fresh wood, energy prices, landfill fees), 7) costs/benefits, 8) socio-economic and other factors (e.g. public opinion, employment, tradition). These criteria are interdependent e.g. the available infrastructure depends on the legislation and the quantity of material. These criteria must be described and documented in the LCA study to justify the choice of waste management options, which is demonstrated with examples from the national data collections. 

The following recommendations for aspects of waste management options in LCA of wooden products are given for LCA practitioner: 1) The chosen waste management option in LCA of wooden product might have greater influence on results than the production of wooden product. 2) The greenhouse gas emissions in most cases depend mainly on waste management option. 3) Practitioners should consider the criteria for choice of waste management option and should make comparisons between different options. 4) As a minimum requirement the listed main aspects of different waste management option should be considered in LCA of wooden products. 5) Consider a possible hierarchy for waste management options: check national infrastructure (technology), legislation (quantity, quality) and cost/benefits as well as global pressure. 6) Consider changes of product properties to make other waste management options possible (design for energy, design for recycling). 7) At the end of use of a wooden product try to bring it to secondary resource management and not to disposal by describing the necessary conditions and requirements. 8) A LCA of wooden products might highlight possible changes that should be made to allow a waste management option for the wooden product with lower environmental effects.
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Figure 3: Systems of waste management options in LCA of wooden products (Jungmeier et al., 2001b)

3 Outlook

After 4 years of this European co-operation a common basis of information, methodology and data was created to do further collaboration work on life cycle assessment of forestry and forest products. The combined benefits from the COST Action E9 of :

· bringing together a multi-disciplinary, and multi-cultural discipline under one umbrella

· co-ordinating the approach to LCA within forestry and forest products sector,

· improving methods of data collection and exchange,

· giving a basis of comparison of wood products with non wood products,

· establishing a European forum on LCA in forestry and forest products.

Some ideas for EC proposals were developed and EC proposals are planned to be submitted to the European Commission, by using
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