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1 Introduction

Apart from the solar energy, the planet earth is a closed and complicated ecosystem effected by different parameters. Besides endogenous factors (oceans / waters, climate), plants, animals and human beings (anthropogenous factors) influence this system. 

In this context, wood as a unique raw material plays an important role due to its fascinating ecological benefits. During its growth wood withdraws CO2 from the atmosphere through the process of photosynthesis. CO2 is returned to the atmosphere by thermal utilisation and by biological degradation of wood. During the photosynthesis the oxygen of the carbondioxid is released to the environment, while the carbon is placed as a building stone in the wood. By this way the carbon is removed for longer times from the atmosphere. After cutting the trees the carbon is still stored in the products during their usephase. Wood is used in different variations. Depending on the purpose the wood is different treated. For a use outside buildings the wood must be treated with chemical protection or with paint. Regularly are adhesives or glue used.

After harvesting the trees and producing various products carbon remains in the wood during the entire product lifetime. In Germany, wood ready for disposal is specified as used wood which has the same meaning as waste wood in English. Industrial residues resulting from the wood and panel processing are also an important potential and must be differed from the used wood. Both, used wood and industrial residues are regarded as waste wood as soon as there are no other uses for them. Every year there are millions of tons of waste wood in Germany. Therefore, it is necessary to look for the utilisation ways under considerations of ecological aspects, e.g. 

 Thermal utilisation of the wood ,

 Recycling for making new products or

 Disposal it (this means landfill or burning it without energy generation).

2 Waste wood - Actual situation in Germany
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Statistically reliable data about the potential of waste wood are missing due to the structure of the waste industry in Germany. The existing estimations of several people or organisations are quite rough. The calculations vary from 40 to 180 kg per person and year, that correspond to a total amount of 3,2 up to 15 Million tons per year. Reasons for this large span are different bases for the calculation or the different definitions of waste wood (what is included/excluded). For the most experts an amount of 8 up to 10 millions ton of waste wood per year seems to be realistic (see Picture 1).

Picture 1 Waste wood Quantities, origin and utilisation

It is expected that the potential of waste wood to be uitlised will increase in future. The reasons for this phenomenon are:

 A better registration of all waste wood quantities.

 Landfill will be banned from June 2005 and thermal utilisation or material recycling will be obligatory.

 Presently there are economically promissing activities in the wood industry, which will result in a waste wood increase in future. 

According to the new waste wood regulations there will be four plus one  waste categories in future. Since it is still unclear, when the regulation will come in force the methodic applied in this study is based on the actuall waste wood market situation. Accordingly, there are three maine classes with several subclasses. These classes are based on of the LAGA (=Länderarbeitsgemeinschaft Abfall), which has never come in force. The three classes are:

Class H1:
untreated wood, which is in maximum mechanically treated, but no glue, adhesives, paint or preservatives of any kind.

Class H2:
all kind of wood treated with paint, glue or adhesives, but no preservatives.

Class H3:
contaminated wood, treated with all kind of paint, glue, adhesives and preservatives.

3 Study goal

The goal of this study is to compare the common ways of waste wood utilisation or recycling  in Germany under ecological aspects. The observed processes are:

 thermal utilisation of waste wood for the generation of heat and/or electricity,

 material recycling for making new particle boards,

 landfill.

Additionally in a second comparison has been conducted in order to know whether it makes more sense to recycle particle boards in a material way or to thermal utilise for heat and/or electricity generation. A direct comparison of all these above mentioned processes is not possible. Because of this reason the system enlargement is applied (DIN ISO EN 14041). The target is to enlarge all processes as long as all processes have the same output of energy and / or heat and the physical products.

The impact categories analysed are:

 Global Warming Potential (GWP)

 Eutrophication Potential (EP)

 Photochemical Ozone Creation Potential (POCP)

 Acidification Potential (AP)

 Human Toxicity Potential (HTP)

 Aquatic Toxicity Potential (ATP)

 Terrestrial Toxicity Potential (TTP)

 Land use (LU)

4 Study Structure 

For class H1 all three utilisation ways (thermal utilisation, recycling and landfill) are feasible. For the other classes H2 and H3 the material recycling is not relevant, because it is forbidden in Germany. The risk of enrichment of harmful chemicals is too high. Table 1 shows this facts in an overview.

Table 1 The possible ways of utilisation or recycling for waste wood of the different classes
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in the comparison:     ( = done      -- = not done

The subject of interest is to know which utilisation way should be preferred, the material recycling, energy generation or landfill. As already mentioned above a direct comparison  between the three options is not significant due to the different outputs resulting from different processes. The thermal utilisation enables the generation of certain amount of energy (heat and / or electricity). The material recycling results in production of particle board and in case of landfill the output is not of economical interest. The latter one leads to a slowly degradation process and the resulting consequences. 

The functional unit is one ton of waste wood [1 t waste wood] and all calculations are related to these unit. In order to be able to compare the three processes with each other, each process is enlarged by the two other processes, so that three process systems are created. In other words, each process is enlarged to a system and all three created systems can be compared with each other. Because of the compexity of this enlargement it will be explained in detail: 

Waste wood disposal in a landfill site:

The waste wood disposal in a landfill site is a process that has to be enlarged to a system. The creation of system is done if particle board production based on fresh wood and energy generation (heat and / or electricity) based on fossil fuel are added to the process of waste wood disposal.

Similary, the same procedure are carried out for the cases “material recycling” and “thermal utilisation”. It should be added that fresh wood is not disposed in the landfill site. Therefore the fresh wood disposal becomes a zero process with zero input and zero output. The disposal process is just a consequence of the production processes. If the waste wood is material recycled then the disposal process is unnecessary due to the lack of material for disposal. The both systems to be compared are in reality as follows: a) Thermal utilisation of waste wood, particle board production on the basis of fresh wood and zero production or b) Material recycling of waste wood, energy generation from fossil fuel and zero production. For each system enlargement the life cycle inventory of each process is determined. After that the obtained results are added together, e.g. if 1 t of waste wood is landfilled, the life cycle inventories for particle board production and energy generation are added to that of landfill (See also Picture 2). 


Picture 2 Development of the Total Life Cycle Inventory

As already mentioned, all calculations are related to one ton of waste wood. Therefore the results of all processes necessary for the creation of a system have to be related to the same functional unit. For example from 1 ton waste wood 14.400 MJ heat can be generated. By using fossil fuel the same amount of thermal energy (14.400 MJ) must be achieved. Otherwise a proper comparison between two systems is impossible (see also Table 2). 

Table 2 Process Systems for the Utilisation of Waste Wood of the class H1

Utilisation Process
Process Systems

Thermal Utilisation
Thermal Utilisation of 1 Ton of Waste wood
+
Production of y Ton of Particle Board with Fresh Fiber
+
Zeroprocess for Landfill

Material Recycling
Production of x MJ Energy (Heat/Electricity) from Fossil Fuel
+
Material Recycling of 1 Ton of Waste Wood
+
Zeroprocess for Landfill

Landfill
Production of x MJ Energy (Heat/Electricity) from Fossil Fuel
+
Production of Y Ton of Particle Board with Fresh Fiber
+
Landfill of 1 Ton of Waste Wood

The systemenlargement for waste wood of the classes H2 or H3 is less complicated, because here the material recycling does not take place. Table 3 shows the enlargement for both classes.

Table 3 Process Systems for the Utilisation of Waste Wood of the class H2 or H3

Utilisation Process
Process Systems

Thermal Utilisation
Thermal Utilisation of 1 Ton of Waste Wood
+
Zeroprocess for Landfill

Landfill
Production of  x MJ Energy (Heat/Electricity) from Fossil Fuel
+
Landfill of 1 Ton of Waste Wood

In accordance with the target of this project there will be also a comparison between the material utilisation and the thermal utilisation of waste particleboard. The system enlargement takes place in the above described way. Table 4 shows the enlargement in detail.

Table 4 Process Systems for the Utilisation of Waste Particle Boards

Utilisation Process
Process Systems

Thermal Utilisation of waste Particle Boards
Thermal Utilisation of 1 Ton of Waste Particle Board
+
Production of y Ton of Particle Board with Fresh Fiber

Material Recycling of waste Particle Boards
Production of  x MJ Energy (Heat/Electricity) from Fossil Fuel
+
Material Recycling of 1 Ton of Waste Particle Board

5 Results

Results for the waste wood class H1 show that six of the eight impact categories are in favour of the thermal utilisation. The six impact categories are the global warming, land use, photochemical ozone, acidification, aquatic and terrestrial toxicity. For the comparison between the systems mentioned above the impact categories are expressed in their potentials. The eutrophication is neutral, so that no one of the three options can be prefered. On the view of the human toxicity the thermal utilisation is the worst solution, but neither the material recycling nor the landfill can be preferred. 

Regarding the class H2 five of eight impact categories are in favour of the thermal utilisation. The eutrophication and the terresttrial toxicity provide no preferences for one of the utilisation or disposal options. With regard to the human toxicity the landfill shall be preferred instead of the thermal utilisation. 

For the waste wood class H3 all impact categories excepting the human toxicity are in favour the thermal utilisation. Nearly similar results  were obtained for the utilisation of the waste particle boards. Accordingly, all impact categories  excepting land use and photochemical ozone creation show for the case thermal utilisation the most favourable potentials. The latter two category however are for all three options almost the same. 

As shown in Table 5 the process are given three squares (∎∎∎), two squares (∎∎) and one square (∎). Three squares means the process is optimum from the ecological point of view, two squares means the processes are similar and one square means the process is not preferable.

Table 5 Overview over the results of the Life Cycle Assesment
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( Results of the impact assessment: From the ecological point of view the thermal utilisation of waste wood is to prefer. The landfill and the material recycling is worse. This is valid for all three waste wood classes. At all comparisons is the majority of categories in favour of the thermal utilisation. In some classes there is no favourite. Only the results of one impact categorie prefer the option landfill or the material recycling.

In the analysis of life cycle inventory and impact assessment the materials used in buildings and machinery (concrete and steel) as well as the primary stage of wood (wood production in forest and other life cycle phases) were also included. The results shew however, that their influence can be neglected. Furthermore was the influence of the transport of the waste wood examined. The transport distances assumed in this study are as follows:

-waste collection 100 km

-transport to the recycling site 500 km

-transport to the site for thermal utilisation and to landfill sites 100 km

Generally, it can be concluded that the effect of transport is in emparison with the total results obtained very small.

Within the context of sensitivity analysis the effects of emissions discounting occuring at some future date were investigated. This analysis are not in accordance with the norm but it can be useful because IPCC also recognises carbon sinks as positiv effects and evaluate them accordingly. Similar effect is expected from discounting theory. The positive effects of carbon is compensated by discounting the future emissions. In this study the discounting theory is used for the future emissions at landfill site considering the landfill as carbon sink. The results show that the impact potentials  are partly reduced to 50% or less. The most serious results were obtained for the global warming potentials reduced from 64 kg CO2 – equivalent to only 16 kg. Nevertheless the discounting does not influence the total result due to the small share of landfill on the system enlargement.

In many cases the results achieved were completed with literature data. The sensitivity analysis lead to the conclusions that the changes on the results are very low and there was no risk of result distortions. 

Unfortunately it was not possible to priorizise the impact categories objectively. Consequently no answer could be found to the question which utilisation or disposal process is the most optimal solution. Therefore, ISO Standard 14042 considers the standardisation and weighting of impact potentials within the framework of LCA-Interpretation. For that subjective criteria can be applied provided that these are described in detail. Such a subjective approach enables to provide a priority list for the impact potentials concerned. Within the framework of this study a mathematical evaluation was carried out resulting in the fact that for all three waste wood classes (H1, H2, H3) and for the waste particle boards the thermal utilisation has to be preferred. The result of the evaluation is for the thermal utilisation more than 40% lower and consequently better than for the landfill. Conspicuous is that the absolute amounts for thermal utilisation declines the higher the waste wood class is. The same effect was observed in the impact assessment. The amounts decline within the different impact categories with rising waste wood classes. The reasons for this phenomenon are:

 With rising waste wood class the kilns have to be larger, technically more effective and better regulated by law.

 The management of the burning process is better optimized.

 The filters are larger and more effectiv.

In other words, the bigger the kiln the less are the emissions.

The tendency observed in the impact assessment is also confirmed by the LCA interpretation. From the ecological point of view it makes sense to thermally utilise the waste wood. Material recycling or disposal in landfill sites is not recommended. Further studies on emissions from larger kilns should be conducted. If the decline of emissions in larger kilns is confirmed, then it makes more sense to burn the waste wood unsorted in larger kilns. But in this context there will be a limit as well. The larger a kiln is, the larger is the logistic for the transport of waste wood. The question is with the regard to the ecological aspects from which distance the transport is senseless. Another question is the economical point of view. Where is here the limit? Which expenses in filtertechnology is still affordable?

Another important aspect is the influence of sorting of the waste wood. The effect of wrong sorted wood is really crucial. E.g. if treated or contaminated waste wood is missclassified as H1 waste wood and burned in a small kiln the emission increases rapidly. Therefore it makes much more sense to place waste wood of unknown history to a well equipped large kiln as long as the sorting process does not function reliable. 

Ecological progress is achievable if economic aspects are taken into consideration. The best environment protection does not work if it is not affordable. Exceptions are guidelines from the government if these guidelines do not consider the economic interests of industry. But the guidelines can become senseless if the production site is moved to countries of low environmental standards. Against these industrial attempts helps a europeanwide legislation.
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