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��Preface

Concern about development in the amount of waste, resources used and environmental problems associated with the various means of waste management is growing. Detailed and comprehensive waste statistics have been developed and targets for future amounts and management of different categories of waste have been decided. Until now, however, no detailed model for the future development of waste has been available. This report presents a simple scenario model linking the development in the amount of waste to economic activities. Waste from individual sources and fractions of the ISAG statistics is linked to categories of private consumption and production by branches of the macroeconomic model ADAM, which is used for official forecasts of the Danish economy. The model converts forecasts of economic development to scenarios for the generation of waste assuming that waste generation per economic activity is unchanged relative to 1996. By generating alternative scenarios the model can be used to analyse how economic changes affect the generation of waste. In waste planning the scenarios may be used as baseline scenarios. In order to make proper forecasts, however, the model calculations have to be supplemented with evaluations of changes in waste generation per economic activity, e.g. changes due to legislation and technological changes, etc., which is beyond the scope of the present model.
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Introduction

The generation of solid waste by society necessitates the availability of management facilities to deal with the transport, treatment and final discharge of waste residues. Moreover, the various means of waste management require different facilities and cause different environmental problems. A prerequisite for waste planning, including changes in the capacity of waste management facilities and the evaluation of future environmental problems, is the availability of good projections of waste generation. 

The present report documents a first very simple scenario model for predicting waste generation from primary sources, i.e. from households and enterprises, excluding waste management facilities. The model links the generation of various categories of waste to different economic activities assuming a proportional change in the waste generated and the relevant waste-generating economic activities. As the available data on waste are limited, coupling of the amount of waste to economic activities in the model is subject to some uncertainty, and represents our best estimates of how they are coupled. Bearing its limitations in mind, the model may be used for scenario analyses, whereby changes in the generation of different categories of waste can be determined from changes in the level and composition of economic activities. This may serve as a starting point for proper forecasts, although these should include an evaluation of the proportionality assumption as well as the various effects of waste policies.

The basis for modelling is the Information System for Waste and Recycling (ISAG) and the macroeconomic model ADAM, which is used for official forecasts of the Danish economy. ISAG comprises data from waste management facilities on the amount of waste collected, with the data being grouped according to source, type (how the waste is collected), fraction (the contents of the waste) and management. For each fraction and primary source, the amount of waste generated is linked to one or several economic activity variables in ADAM. Thus given official Danish economic forecasts, the model may be used to generate baseline scenarios for the individual waste fractions and primary sources. From these scenarios and waste management targets it is possible to calculate required management capacities, waste generation from secondary sources and environmental pressures. These aspects are beyond the scope of the present model, however. 

A short introduction to the methodology used is provided in Chapter 2, followed in Chapter 3 by a description and analysis of the ISAG data categories and their development including disaggregation of the amount of household waste. Chapter 4 couples the amount of waste to economic activities, while Chapter 5 provides a baseline scenario and some sensitivity analyses. The conclusions are presented in Chapter 6.

� Methodology

The model developed may be seen as a satellite to ADAM, where the endogenous variables are the amount of waste apportioned by fraction and primary source in ISAG and the explanatory variables are relevant waste generating economic activity variables in ADAM. The method followed is to individually examine the ISAG fractions and primary sources and for each of these categories evaluate which activity variables in ADAM explain the associated generation of the waste. As no exact information is available on which economic activities generate specific amounts of waste, the coupling between economic activities and waste generation is subject to some uncertainty. The explanatory variables used, which represent our best estimates, should thus be viewed solely as indicator variables (not firmly established relationships). An important feature of the coupling to variables in ADAM is that forecasts of the amount of waste may be based on official economic forecasts. The methodology used implies that the level of aggregation is determined by the ISAG categories and not by the economic activities. Normally in economic models, coupling would be made by ascribing amounts of waste to individual activity variables in the economic model. Given the ISAG sources, however, this is not practical as it would be necessary to subdivide the ISAG sources according to more detailed economic activities. The uncertainty associated with such a subdivision would be fairly great. (The primary sources in ISAG are: Households, Institutions, Trade and services, Manufacturing, Building/construction and Sewage Plants.�) 

In general in the model, waste from households is linked to categories of private consumption in constant prices�, while waste from Trade and services, Manufacturing etc., Building/construction, etc. is linked to the production in constant prices by the relevant branches. Waste from waste water treatment plants is exogenous. Moreover, waste is generally linked to the present levels of consumption or production. Waste from durable goods may alternatively be linked to past consumption. However, this would require a scrapping curve for durable goods, which is not available. The model therefore implicitly assumes that present purchases of durable goods replace old goods that will be scrapped. This is a simplified assumption, which is questionable for some durable goods, however, as waste is generally generated within the same year as the consumption or production of the goods.

The coupling of waste to private consumption and production by branches is parallel to the method used in Nagelhout, D. et al. (1990) and Bruvoll, A. and Spurkland, G. (1995). However, in Bruvoll, A. and Ibenholt, K. (1997), which puts forward a waste model linked to the Norwegian MSG-EE model, it is argued that instead of production, the relevant explanatory variable for waste from enterprises is the material inputs. According to a material balance perspective, it is argued that in a production process the physical amount of material inputs ends up either in the product or as waste. In economic models like MSG-EE, where the ratio between material inputs and production may change (due to technical changes or substitution between material inputs and other production factors), material inputs may be argued to be the relevant explanatory variable. In ADAM, however, material inputs are Input/Output-determined and are a constant share of production in the individual branches, i.e. material inputs and production change proportionally. Therefore, for projections the result is not affected by whether material inputs or production are used as the explanatory variable. From a theoretical point of view, and taking into account that the modelling in ADAM may be changed, material inputs may be preferred as the explanatory variable, however in the present model production is used as the explanatory variable.  

Mathematically, the relationship between the amount of waste and the explanatory variable may be formulated in numerous ways. In generalised terms, the basic equation used in the present model is:



 �EMBED Equation.2����EMBED Unknown���                       (Eq. 1)



where



 �EMBED Equation.2���		is the amount of waste for fraction f and source s in year t and the base year t0. (For a few fractions and sources, the waste is further disaggregated according to ISAG types and supplementary information.)



�EMBED Unknown���	is the explanatory variable for fraction f and source s in year t and t0 (One or more activity variables in ADAM.)



�EMBED Equation.2���		is an amount of waste added to the present waste category in year t. The amount may be either positive or negative



�EMBED Equation.2���	is a proportionality factor between changes in the amount of waste and the explanatory variable



�EMBED Equation.2���		is a time dependent coefficient allowing for shifts in the relation





As an example, if �EMBED Unknown��� is the amount of paper and cardboard (fraction f) from households (source s), the explanatory variable �EMBED Unknown��� will be the private consumption of other non-durable goods in ADAM (the ADAM variable fCi “other non-durable goods in constant prices”), i.e. the amount of waste of paper and cardboard collected from households is assumed to follow development in the private consumption of other non-durable goods.



When �EMBED Equation.2���=1.0, changes in the amount of waste are proportional to changes in the explanatory variable. When �EMBED Equation.2���=0.5, a 1% increase in the explanatory variable implies a 0.5% increase in the amount of waste. One reason why �EMBED Equation.2��� may differ from 1.0 is that changes in the explanatory variable may imply changes in the weighting of waste generating components of the explanatory variable.

�EMBED Equation.2��� is a time series of coefficients normalised to 1.0 in the base-year. If �EMBED Equation.2��� changes over time, so does the waste coefficient (the ratio between the amount of waste and the explanatory variable). Assuming �EMBED Equation.2���=1.0, the waste coefficient in period t is the product of�EMBED Equation.2��� and the coefficient in the base-year, i.e. 

 �EMBED Equation.2���. 

If �EMBED Equation.2��� is changed 5% from the base-year t0 to year t, the waste coefficient also changes 5%. �EMBED Equation.2��� may change due to waste policies, changes in the physical content of the explanatory variable, changes in the weighting of waste generating components of the explanatory variable, or changes in the habits of waste generating agents, for instance changes in the packaging of goods.

The amount �EMBED Equation.2��� may be positive or negative and is added to the waste of this category. Often the amount is waste transferred from one category of waste to another. 

Assuming that �EMBED Unknown��� (Eq.1) reduces to:

�EMBED Unknown���

(Eq. 2)



where �EMBED Unknown��� is a constant waste coefficient calculated for the base year 

�EMBED Equation.2���

�EMBED Equation.3  ���

�EMBED Equation.3  ���

�EMBED Equation.3  ���

�EMBED Unknown���

i.e. the waste coefficient is constant. This is the assumption made in the above mentioned Norwegian and Dutch models, and the assumption made in the first version of the present model. However, in order to facilitate the incorporation of future evaluations of waste policies and changing waste coefficients, the equations are formulated as Eq. 1, with 1996 being the base-year t0. When sufficiently long time series for the amount of waste are available and assuming that the development of �EMBED Equation.2��� can be described by some regular trend, the coefficients for the regular trend and �EMBED Equation.2��� may be estimated using time series analyses. At present, data for the amount of waste are only available for the years 1994 to 1996 and it is not possible to estimate the coefficients with these data alone. However, the assumption of constant waste coefficients is analysed in Chapter 4 using the data for 1994 to 1996.

Another extension of the model could be to express the explanatory variables in tonnes instead of in constant prices. Statistics Denmark is presently developing National Accounts in tonnes, which provides coupling between production in constant prices and in tonnes. For calculating amounts of waste, production or material input expressed in tonnes appears to be a more suitable explanatory variable than when expressed in constant prices. The ratio between the variable in tonnes and in constant prices may differ between branches and for a number of reasons may change over time.

Finally, for the model to be a comprehensive waste and environmental model it also needs to encompass modelling of waste management, waste generation from management facilities (waste from secondary sources) and the environmental effects of different management alternatives. As ISAG contains data on management facilities and waste from secondary sources, some basic information is available. Taking base year management shares (defined from ISAG) and adopted waste policies as the starting point and defining future management capacities and shares, it should be possible to calculate waste generation from secondary sources and the environmental effects of management alternatives. Modelling of these aspects is beyond the scope of the present model, however.  

�

	ISAG and the development in the amount of waste 1994 -96

According to public regulations, waste management facilities have to report the amount of waste received to the Danish Environmental Protection Agency (Danish EPA, 1993). Waste management facilities include waste incineration plants, recycling firms and landfills. The data in ISAG are based on information from these facilities (470 plants). ISAG includes the amount of waste grouped according to the geographical and economic sources, the type (whether it is domestic waste, garden waste, waste from industrial activities, etc.), the content (fractions like combustibles, non-combustibles, paper and cardboard, etc.) and waste management (incineration, recycling, etc.). 

The categorisation used in the model is mainly the primary economic sources (i.e. excluding waste from management facilities) and fractions. In the case of a few very composite fractions such as “Various combustibles”, however, the type contains some information about which economic activity generated the waste. This information (in addition to supplementary information from specific analyses) is used when, for instance, modelling generation of “Various combustibles” by households.

Table 3.�seq Table \* Arabic �1�. Waste by fractions and sources, 1996.

Waste in 1996 in tonnes��Source��Fractions

�Total�Households�Trade and

services�Manufacturing�Building/

construction�Waste water

treatment�Other��9 �Oil and chemical waste�159,655 �16,214 �23,719 �102,145 �16,952 �624 �0 ��19 �Various combustibles�2,743,322 �1,800,751 �424,327 �440,364 �51,196 �78 �26,604 ��23 �Various non-combustibles�757,560 �164,356 �76,381 �333,319 �179,402 �2,592 �1,509 ��50 �Paper and cardboard�548,149 �160,469 �173,288 �214,015 �163 �2 �213 ��51 �Bottles and glass�99,438 �64,903 �34,282 �53 �199 �0 �0 ��52 �Plastics�28,713 �1,205 �2,928 �24,550 �29 �0 �0 ��53 �Waste food / Other organic waste�193,283 �45,905 �24,007 �122,719 �374 �277 �0 ��54 �Garden waste�451,934 �386,874 �14,773 �10,219 �40,039 �29 �0 ��55 �Bark and wood shavings�0 �0 �0 �0 �0 �0 �0 ��56 �Iron and metal�544,986 �38,419 �19,017 �473,006 �14,528 �14 �0 ��57 �Car tyres�7,716 �4 �5,678 �2,034 �0 �0 �0 ��58 �Concrete�942,414 �1,507 �12,217 �7,361 �921,328 �0 �0 ��59 �Tile / Bricks�92,794 �792 �8,776 �192 �83,035 �0 �0 ��60 �Other building/construction waste�532,210 �3,385 �407 �13,466 �514,952 �0 �0 ��61 �Asphalt�736,763 �56 �168 �34,206 �702,333 �0 �0 ��62 �Wood�15,238 �3,518 �25 �605 �11,090 �0 �0 ��63 �Earth and stone�480,219 �7,896 �1,816 �4,747 �465,459 �301 �0 ��64 �Other reusable waste�165,915 �43,469 �14,212 �14,757 �93,475 �2 �0 ��65 �Compost�0 �0 �0 �0 �0 �0 �0 ��66 �Hospital waste�8,701 �5 �8,670 �25 �0 �1 �0 ��67 �Sieving waste�732 �1 �0 �0 �0 �351 �380 ��68 �Sludge < 10 % solids (fluid)�86,466 �316 �2,163 �59,997 �788 �23,202 �0 ��69 �Sludge 10-30 % solids (soft)�88,284 �120 �107 �36,600 �950 �50,492 �14 ��70 �Sludge > 30 % solids (solid)�72,077 �42 �338 �40,353 �1,034 �30,294 �18 ��71 �Sand and screenings�61,269 �0 �426 �15,697 �12,007 �33,105 �34 ��72 �Slag�14,072 �0 �44 �13,186 �54 �14 �773 ��73 �Flyash�40 �1 �5 �20 �0 �10 �5 ��74 �Flue gas purification product�534 �4 �0 �530 �0 �0 �0 ��75 �Dusty asbestos�7,819 �352 �3 �77 �7,387 �0 �0 ��90 �Residuals from coal-fired power plants�2,332,000 �0 �0 �0 �0 �0 �2,332,000 ��91 �Beet earth�314,088 �0 �0 �314,088 �0 �0 �0 ��92 �Sewage from municipal plants�1,070,600 �0 �0 �0 �0 �1,070,600 �0 ��93 �Net export of scrap iron and metal�353,844 �0 �0 �353,844 �0 �0 �0 ���SUM�12,911,471 �2,741,200 �847,779 �2,632,177 �3,116,776 �1,211,989 �2,361,550 ���The amount waste for each of the fractions and sources included in the model is shown for 1996 in Table 3.1. Fractions 90-93 account for about 30% of the total amount of waste generated. Of the total excluding fractions 90-93, the major fractions are “Various combustibles” (31% of the total excl. fractions 90-93), “Various non-combustibles” (9%), “Concrete” (11%), “Asphalt” (8%) and “Other building/construction waste ” (6%). It should be noted that the fractions “Various combustibles” and “Various non-combustibles” are very composite fractions, containing a mixture of other waste fractions. In contrast, the other fractions are relatively homogenous and are collected separately with the purpose of recycling or special treatment. 

The sources, “Households”, “Trade and services” together with “Manufacturing”, and “Building/construction” each generate about 1/3 of the total amount of waste in fractions 9-75. About 2/3 of “Various combustibles” is generated by households and of the total amount of waste generated by households, “Various combustibles” account for about 2/3. “Various non-combustibles” is more evenly distributed among sources, although manufacturing accounts for about 40% of the total. In the case of the large composite fractions “Various combustibles” and “Various non-combustibles”, waste collected as household and bulky waste is examined in detail in Sections 3.1 and 3.2. Specific analyses of the content of the fractions are available for these two sources but not for other sources. “Concrete”, “Asphalt” and “Other building/construction waste” are mainly generated by the source “Building and construction” including demolition and road construction.

Development in the total amount of waste is shown apportioned by source in Table 3.2. It should be mentioned that the statistics are still under development and are becoming more complete, i.e. part of the development/increase in the amount of waste is due to expansion of the statistical base (through an increase in the number of waste management facilities reporting to the ISAG system). 

About 260,000 tonnes of the increase in 1996 is attributable to firms reporting for the first time. Of this about, 240,000 tonnes derive from the source “Building and construction”. Correcting for this, the total amount of waste increased about 10% in 1996. As is apparent from Table 3.2, much of the increase is attributable to a considerable increase in waste from coal-fired power plants as a result of increased electricity production and the net export of electricity to Sweden and Norway. Correcting for the increase in the statistical base, the total amount of waste in fractions 9 to 75 increased about 8%. This mirrors a large increase in waste from building and construction (even when corrected for the additional firms included in the statistics) and moderate increases in waste from the other major sources. Waste from households increased about 6% with a large increase in garden waste and a small (2%) increase in the other fractions. Waste from manufacturing increased about 3%. Waste from trade and services increased about 2%. Thus correcting for extraordinary changes, waste from sources other than building/construction increased by an average of about 2-3% in 1996.

�Table 3.�seq Table \* Arabic �2�. Aggregated amounts of waste 1994-96.

Waste in tonnes�1994�1995�1996��Total waste�11,131,284 �11,451,663 �12,911,471 �������Subtotal, fractions 9-75 �7,547,684 �7,955,548�8,840,939��Subtotal, fractions 90-93�3,583,600 �3,496,115 �4,070,532 �������Households�2,551,359 �2,590,214 �2,741,200 ��Trade and services�655,046 �832,988 �847,779 ��Manufacturing



Fractions 9-75

   Beet earth

   Net export of scrap iron and metal�2,318,216



1,735,316

260,000

323,000 �2,563,226



1,836,411

215,000

511,815 �2,632,177



1,964,245

314,088

353,844 ��Building and construction�2,447,646 �2,564,480 �3,116,776 ��Waste water treatment plants



   Fractions 9-75

   Sewage from municipal plants�1,183,376



144,776

1,038,600 �1,195,438



125,138

1,070,300 �1,211,989



141,389

1,070,600 ��Other sources



Fractions 9-75

Residuals from coal-fired power plants�1,975,541



13,541

1,962,000 �1,705,317



6,317

1,699,000 �2,361,550



29,550

2,332,000 ��

The development in waste generation is shown for aggregated fractions in Table 3.3, and  for all fractions and sources included in the model in Table 3.4. With regard to the sources, the development is partly attributable to extraordinary changes and the expansion of the statistical base. In the case of the major fractions the development has been as follows: 

      “Various combustibles” has increased moderately

“Various non-combustibles” has decreased from all major sources, indicating increased waste separation at source.

“Various recyclable” increased markedly in 1995 due to improved collection of paper and cardboard and biodegradable waste from manufacturing.

“Garden waste” increased considerably in both 1995 and 1996, mainly due to improved usage of municipal waste schemes for garden waste. About 20,000 tonnes of the increase in 1996 is attributable to reporting from additional facilities, however.

“Iron and metal” has varied considerably. Including net-export from scrap dealers, iron and metal waste totals about 900,000 tonnes, or about 7% of the total amount of waste.

“Various building waste” has increased considerably, largely as a result of major increase in the amount of waste concrete in 1996. Part of the increase is due to firms reporting for the first time, though, and in general the development mirrors increased building activity and improved re-processing facilities for building materials.

“Residuals from coal-fired power plants” increased considerably in 1996, mainly due to increased electricity production and the net export of electricity.

“Beet earth” increased by about 100,000 tonnes in 1996, mainly due to wet weather conditions during harvesting of the sugar beet rather than increased production.

�Table 3.�seq Table \* Arabic �3�. Waste of aggregated fractions, 1994-96.

Waste in tonnes�1994 �1995 �1996 ��Various combustibles�2,531,938 �2,588,052 �2,743,322 ��Various non-combustibles�929,166�885,018 �757,560 ��Various recyclable�587,189�881,957�877,299��Garden waste�301,341 �376,447 �451,934 ��Iron and metal�563,979 �470,709 �544,986 ��Various building waste�1,843,697�1,898,038 �2,485,334��Earth and stone�425,915 �400,442 �480,219 ��Waste for special treatment�364,458�454,885�500,285 ��Total fractions 9-75�7,547,684�7,955,548 �8,840,939 �������Residuals from coal-fired power plants�1,962,000 �1,699,000 �2,332,000 ��Beet earth�260,000 �215,000 �314,088 ��Sewage from municipal plants�1,038,600 �1,070,300 �1,070,600 ��Net export of scrap iron and metal�323,000 �511,815 �353,844 ��Total�11,131,284 �11,451,663 �12,911,471 ��

�         Table 3.4 Waste by fraction and source, 1994-96
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From Table 3.4 it can be seen that combustible and non-combustible household waste in 1996 totalled 1.8  and 0.164 million tonnes, respectively. This is a large share of the total amount of waste. Household waste consists of three fractions defined by the way it is collected: domestic waste, bulky waste and garden waste. The first two are analysed separately below.

Domestic waste

The data for household waste shown in Table 3.4 include all household waste independent of the collection method. The amounts collected as domestic waste (in waste bags) are shown in Table 3.5. The fraction “Various combustibles” amounted to about 1.4 million tonnes in 1996, or 78% of the total amount of combustible waste from households (about 0.4 million tonnes were collected as bulky waste giving a total of about 1.8 million tonnes). In Table 3.5 the fraction “Various non-combustibles” represents waste bags from households, which have not been incinerated. In the future this fraction is expected to fall to practically zero. In the following, the fraction “Various combustibles” and “Various non-combustibles” are treated together as representing the total amount of combustible waste in the household waste bags. 



Table 3.5. Domestic waste from household sources

Tonnes�1994�1995�1996��Various combustibles�1,406,369�1,373,527�1,395,697��Various non-combustibles�29,063�18,205�10,034��Paper & cardboard�119,614�152,551�140,416��Bottles & glass�64,188�41,000�60,934��Plastics�776�1,399�296��Waste food/other organic waste�32,816�38,886�45,584��Other reusable waste�8,807�3,496�1,534��Total�1,661,632�1,629,065�1,654,496��

In making projections it is assumed that the amount of each waste fraction is proportional to the future development of certain macroeconomic variables. Domestic waste is a too large and heterogeneous group of waste to relate to only one economic variable, however, and has to be disaggregated into more homogeneous groups of waste. As this is not possible based on the waste statistics available in the ISAG system, disaggregation has been undertaken on the basis of a specific analysis. 



The best available analysis of household waste was carried out during a one year period from July 1992 to July 1993. A total of 2,650 waste units (bin-bags) from households, totalling over 25 tonnes of waste, were hand sorted into 20 different fractions (Danish EPA, 1994). Domestic waste from flats, houses (detached/semi-detached), terraced houses, farmhouses and summer cottages was analysed. Random samples of one week’s waste were taken at six different sites around Denmark. In order to gain an impression of any seasonal variations, one week’s waste from 50 selected houses was also analysed once a month over a full year. The conclusion, however, was that there were no notable seasonal variations.



The waste fractions weights determined in the analysis are based upon waste which has been mixed, i.e. water will have moved from the wet food waste into the paper fractions. The results were therefore adjusted for this water movement based on dry matter analysis. This correction for the water movement is included in Table 3.6. Thus 10%  has been added to the weight of the vegetable food waste and the animal food waste, 10%  subtracted from the weight of “Other soiled paper and cardboard” and “Other clean paper and cardboard”, and 40%  subtracted from “Absorbent household paper”.



The amount of paper and glass collected through various schemes for recycling and reuse was also determined and corrected for in order to produce an overall picture of domestic waste generated. The results of the analysis are given on page 109 of Danish EPA, (1994). The fractions “Paper and cardboard” and “Bottles and glass” in Table 3.5 already include the amounts of paper and glass collected through the various schemes for recycling and reuse, however. Since we are here investigating the composition of the waste in the first two lines of Table 3.5, “Various combustibles” and “Various non-combustibles” (i.e. the content of domestic waste bags), we must exclude the correction for the recycling schemes. Only the waste paper in the household waste bags is included in Table 3.6.



The total amount of combustible and non-combustible domestic waste in 1996 was thus about 1.1 million tonnes, or about 0.3 million tonnes less than the data shown in ISAG (Table 3.5). One reason for this could be that part of the waste collected from households actually originates from the service sector. The difference between the figures in Table 3.6 and the ISAG data is mainly attributable to the fact that waste from summer cottages is not included in the calculations, however.



The right hand column in Table 3.6 shows the three macroeconomic drivers (Appendix 1) used to project the waste fractions (no driver for garden waste). Adding the fractions in these groups it is apparent from Table 3.6 that 65.8% of the content of the waste bags is food and packaging waste, 16.5% is paper and other non-durable goods waste, 13.8% is durable goods waste, and 3.9% is garden waste.

�

Table 3.6. Content of the combustible and non-combustible fractions of domestic waste in Table 3.5.

�Household waste��Explanatory variable in ��Fraction�1,000 tonnes�%�ADAM��Vegetable food waste�358.8�33.7�FCf��Animal food waste�83.2�7.8�FCf��Newspapers and magazines�49.6�4.7�FCi��Advertising and printed matter�32.1�3.0�FCi��Nappies, sanitary towels, cotton wool�67.5�6.3�FCi��Absorbent household paper�23.9�2.2�FCf��Paper and cardboard packaging�73.7�6.9�FCf��Other soiled paper and cardboard�51.0�4.8�FCf��Other clean paper and cardboard�26.5�2.5�FCi��Plastic packaging�58.4�5.5�FCf��Other plastics�29.7�2.8�FCv��Garden waste�41.5�3.9�Exogeneous��Other combustible�55.0�5.2�FCv��Glass packaging�28.7�2.7�FCf��Other glass�3.0�0.3�FCv��Metal packaging�21.2�2.0�FCf��Iron and other metals�9.4�0.9�FCv��Other non-combustible�45.7�4.3�FCv��Environmentally hazardous waste�2.9�0.3�FCv��Electrical and electronic products�1.5�0.1�FCv��Total�1063.2�100.0���

Bulky waste

The amount of bulky waste from households registered in ISAG is shown in Table 3.7. The fractions “Various combustibles” and “Various non-combustibles” account for 85% of the bulky waste from households and the following analysis therefore concentrates on these two fractions.

Table 7 Bulky household waste registered in ISAG in tonnes.

��1994�1995�1996��Various combustibles��357,096�373,204�374,781��Various non-combustibles��161,283�156,112�143,626��Paper and cardboard��22,855�20,775�20,006��Bottles and glass��4,755�5,100�3,952��Plastics��584�551�707��Iron and metal��6,854�8,600�21,228��Car tyres��9�20�4��Concrete��123�283�1,444��Tile/bricks��101�566�772��Other building/construction waste��508�500�500��Asphalt��2�25�56��Wood��3,041�2,078�3,491��Earth and stone��1,008�4,902�4,450��Other reusable waste��23,673�24,081�37,701��TOTAL��581,893�596,798�612,718��

As is apparent from the table, “Various combustibles” increased over the period 1994-1996, while “Various non-combustibles” decreased. The total amount of bulky household waste also increased during the period.



An analysis of bulky waste has been divided into combustible and non-combustible waste (see Danish EPA, 1998). The analysis has been made on randomly chosen loads of waste from different municipalities in Denmark in June 1996. Altogether 19 containers from 6 municipalities were analysed. The containers derive from manned container stations, unmanned container stations and collection systems. Although only bulky waste was supposed to be disposed of in the containers, all containers examined contained other waste such as domestic waste, garden waste and oil and chemical waste. In the following, the waste from the analysed containers is divided only into combustible and non-combustible bulky waste, ignoring other waste types incorrectly placed in the containers.



The fractions “Various Combustibles” and “Various non-combustibles” are characterised by being compounded fractions. Unlike the fractions “Paper and cardboard”, “Bottles and glass”, “Plastics”, “Iron and metal”, “Car tyres”, “Concrete”, “Tile/bricks”, “Asphalt”, “Wood”, “Earth and stone”, which all consist of rather clean materials, “Various combustibles” and “Various non-combustibles” are assumed to consist of a variety of different products and materials. 



Bulky waste is reported to the ISAG system by the waste management facilities, and not by the municipalities. As the above-mentioned analysis has been made based on data registered by the municipalities, there may be differences in the data from this analysis and the data registered in ISAG.



Various combustibles

In the above mentioned analysis “Various combustibles” amounted to less than 0.1‰ of the total combustible bulky waste from households in 1996. The use of this analysis for distributing the combustible waste into minor product groups is therefore subject to considerable uncertainty. The results of the analysis were nevertheless used here, the assumption also being made that the municipalities investigated are representative.



The “Various combustibles” fraction was divided into the two groups; “Small combustible waste” and “Large combustible waste”. Small combustibles are collected through collection schemes and at manned container stations for recycling, while large combustibles are only collected at manned container stations. However, the waste collected through collection schemes is delivered to the manned container stations and registered there. The public can dispose of bulky waste at manned container stations which typically have containers for paper and cardboard, bottles and glass, plastics, iron and metal, and for various combustibles and various non-combustibles. Only containers with combustibles and non-combustibles were analysed.



The distribution of combustible waste into different groups of products varies depending on the size of combustible waste, see Table 3.8. Based on the results of the analysis, the combustible waste has been weighted as 80% small waste and 20% large waste in the right hand column.
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Table.8 Combustible waste apportioned by product type.

�Small combustible waste�Large combustible waste�Combustibles weighted average��Furniture

Electrical devices

Building/construction 

Textiles

Footwear

Packaging

Tyres/rubber

Articles for everyday use

Other�29%

  2%

32%

 5%

 1%

22%

1%

1%

7%�43%

  0.5%

48%

0.5%

  0%

3%

  2%

  1%

  2%�33%

1.5%

36%

3%

0%

17%

1.5%

1.5%

6.5%��Total�100%�100%�100%��

Furniture:		40% wood and textiles, 30% carpet.

Building/construction:		60% wood, 24% other combustibles.

Packaging:		50% cardboard, 40% plastics, 5% wood.



Based on the weighed average, combustible waste from construction and demolition accounts for the major share of the combustible waste (36%), followed by furniture (33%) and packaging (17%). With respect to small and large combustible waste, however, the figures vary. For example, packaging accounts for 22% of the small combustible waste but only 3% of the large combustible waste. 



Various non-combustibles

The analysis of the various non-combustibles (Danish EPA, 1998) is not representative, most of the waste in the “Various non-combustibles” having been collected at the manned container stations. In the model it is assumed that all the non-combustibles can be classed as building/construction waste.



�

Coupling of waste to economic activities in ADAM

As mentioned in Chapter 2 the amount of waste from individual sources and fractions is coupled to activity variables in ADAM. In general waste from a given source is linked to the economic activity pertaining to the source, i.e.,

Source of waste 			Economic activity		

Households			Categories of private consumption

Trade and services		Production in service branches

Manufacturing			Production in industrial branches

Building/construction		Production in the building/construction branch .

Other sources			Exogenous



For a number of fractions, however, the general coupling is not followed. For instance, the amount of some waste fractions from building/construction is linked to the activity within the building and construction branch independent of source of the waste. The point is that activity within the building and construction branch is a better indicator for the waste generated than any other production or consumption variables in ADAM. For other fractions, for instance garden waste, the amount of waste is not linked to any economic activity at all. For such fractions, the amount of waste is either assumed to be constant or has to be forecasted exogenously. 



All ISAG fractions are included in the model. For each fraction, the present chapter gives the coupling to explanatory variables and the development in waste coefficients, i.e. the amount of waste divided by the value of the explanatory variable (waste coefficient = amount of waste/explanatory variable), which is the relevant economic activity expressed in constant prices. When interpreting the coefficients, it should be noted that the absolute size of the coefficients is not informative. The size mainly depends on the specificity of the economic activity used to explain a given amount of waste. If the explanatory variable (the divisor in the coefficient) is a small and very specific economic activity, the coefficient will be large. In contrast, if the explanatory variable is a very large aggregated economic activity such as the total private consumption, the coefficient will be small. 



The important feature of the coefficient is whether it is constant or changes over time. If both the amount of waste and the explanatory variable increase 10% the coefficient is constant, and the explanatory variable is considered to account for development in the amount of waste. If the amount of waste increases 10% and the explanatory variable only increases 5%, the coefficient increases about 5%. Assuming constant coefficients, the model thus accounts for about half of the increase in the amount of waste, and additional explanations are needed. Ideally therefore, the waste coefficients calculated for the years 1994 to 1996 should be constant. As will be seen, however, the coefficients vary markedly from year to year. Assuming constant coefficients, economic development thus accounts for only part of the past development, and additional explanations like changed waste collection schemes, changed statistical coverage or changed waste generation need to be identified. 



Although waste coefficients do not remain constant and changes are not fully accounted for, the coefficients are assumed to be constant at the 1996 level in the baseline scenarios. The model is a scenario-model accounting for changes in economic activities. For forecasts of the amount of waste generated, however, changes in the waste coefficients may be equally important. 



Chapter 4 concludes with a comparison of actual and model calculated amounts of waste for the years 1994-96.

Oil and chemical waste

This fraction covers waste oil and chemicals collected for special treatment. About half of the waste is processed by the waste processing firm “Kommune Kemi A/S”. Of the waste treated by “Kommune Kemi A/S” the major part is various chemicals. Most of the waste oil is treated by other firms and reprocessed for use as fuel for heating. 

Oil and chemical waste is collected from the sources “Households”, “Trade and Services”, “Manufacturing etc.”, and “Building/construction”. Household sources mainly generate paint and cleaning materials. These are expected to develop in parallel with the consumption of other non-durable goods. Trade and services mainly generate waste oil. This is coupled to the private consumption of petrol and oil for vehicles, which is used as an indicator for waste oil from private cars collected at garages. Manufacturing etc. accounts for the main share of oil and chemical waste, and the amount of waste has changed considerably over the years. The major part of the waste is cleaners and chemical waste, which is coupled to industrial production in general. Waste from building/construction etc. consists of various chemicals and paint, and is expected to follow the activity within the building/construction branch. As shown in the table below, the amount of waste has varied considerably over the years. About 32,000 tonnes of the waste in 1995 is accounted for by contaminated soil from a single closed factory. The different explanatory variables in ADAM are shown in Appendix 1.



Fraction 09: Oil and chemical waste��Source��Tonnes��Coefficients�Explanatory

 variables in ADAM

���1994�1995�1996�1994�1995�1996�������������������G  ��Households�9,576 �16,353 �16,214 �0.313�0.508�0.474�FCi1��Trade and Services�26,403 �29,025 �23,719 �2.494�2.762�2.237�FCg��Manufacturing etc.�84,814 �79,391 �102,145 �0.320�0.289�0.366�FXn��Building/construction�2,832 �46,713 �16,952 �0.061 �0.955 �0.323 �FXb��1) See list of variables in Appendix 1.

Various combustibles

As mentioned in Sections 3.1 and 3.2, the fractions “Various combustibles” and “Various non-combustibles” from households contain large, heterogeneous amounts of waste that can be subdivided into categories and forecasted separately. From ISAG, the amount of waste is divided into domestic, bulky and other waste, and these categories are disaggregated further according to the analyses mentioned in Sections 3.1 and 3.2. 
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Fraction 19: Various Combustibles��Source��Tonnes��Coefficients�Explanatory

 variables in ADAM���1994�1995�1996�1994�1995�1996���Households: 

   Domestic combustible waste�1,406,369�1,373,527�1,395,697 ����See text��   Domestic waste incl. non-comb�1,435,432�1,391,732�1,405,731����See text��   Bulky waste�375,487�388,015�383,571����See text��   Other waste

 �12,861 �7,903�21,483 �0.421�0.246�0.628�Fci��Trade and Services



�318,901 �401,153 �424,327 �1.014 �1.258 �1.294 �FXqh,FXqf,FXqq,Fxo��Manufacturing etc.�379,427 �375,731 �440,364�1.433�1.366�1.578�FXn��Building/construction�       29,048 �38,076 �51,196 �0.630 �0.778 �0.974 �FXb��Other sources�9,738�3,588 �26,604����Exogenous��

Combustible domestic waste, including domestic waste in the fraction “Various non-combustibles” consists of waste bags collected from households (see Section 3.1) and is treated together. Based on the specific analyses of the content of waste bags given in Section 3.1, the contents are divided into 20 categories. Aggregated and linked to variables in ADAM, the following table shows the categories and the explanatory variables used in the model:



Various combustibles: 

Domestic waste�% of waste�Variable in ADAM��Food �41.5�Exogenous��Packaging�24.3�FCf��Paper and other non-durable goods�16.5�FCi��Durable goods�13.8�FCv��Garden waste� 3.9�Exogenous��

Food and packaging thus accounts for about 2/3 of the total. The amount of food waste is exogenous and assumed to be constant. Expenditure for food is assumed to increase mainly due to quality and not quantity, and hence the amount of waste is relatively constant. The amount of packaging is expected to increase with the food consumption, however, and hence is related to the consumption of foodstuffs. The amount of waste paper and other non-durable goods is related to the consumption of non-durable goods, while the amount of waste durable goods is related to the consumption of durable goods. Waste durable goods could be related to the purchase of goods years earlier and represent a scrapping curve for durable goods. However, the model links the present purchase to the present waste from durable goods, the assumption being that new durable goods replace old goods, which are then scrapped. Garden waste is not related to any economic activity and is forecasted exogenously. 



Bulky waste is mainly collected at manned container stations. Aggregating the categories in Section 3.2, the table below shows the percentage of bulky combustible waste linked to different consumption categories in ADAM. The main type of waste is furniture and electrical devices, and their packaging, which is coupled to present purchases of durable goods. An alternative would be to relate this waste to past purchases of durable goods, trying to model the scrapping of old goods. However, we do not know the average age of the scrapped goods, and a major part will be replaced by new purchases. Waste from construction and demolition is related to do-it-yourself building activities, and is coupled to consumption of durable goods. Finally, waste textiles, footwear and other non-durable goods is coupled to consumption of non-durable goods, while waste tyres and rubber is coupled to consumption of petrol and oil for vehicles (as an indicator for the mileage driven in private cars).





Various combustibles: 

Bulky waste�% of waste

�Variable in ADAM��Furniture, electrical devices and packaging�50�FCv��Construction and demolition�40�FCv��Textile, footwear and other non-durables�8.5�FCi��Tyres and rubber�1.5�FCg��

Combustible waste from trade and services is coupled to production within the private and public service sectors. As is seen from the table for fraction 19, the coefficient increased considerably in 1995 and slightly in 1996. Thus assuming constant waste coefficients, economic development explains about 50% of the increase in 1996, but only a minor part of the increase in 1995.



Waste from manufacturing is coupled to production within industry. This is a rather rough coupling, however, as detailed analyses of which industries generate the waste are not available. The coefficient varies in parallel with the change in the amount of waste, i.e. the economic activity only explains a minor part of the development.



Waste from building/construction increased considerably and is coupled to building and construction activity. In both 1995 and 1996 the economic activity explained about ¼ of the change in the amount of waste. 



In general part of the increase in the amount of various combustible waste that is not explicable by economic development is due to increased waste separation at source. At the source level, agents have an incentive to reduce the amount of non-combustible waste as the levy on deliveries to landfills is considerably greater than that on deliveries to waste incineration plants. As is seen in the next section, the amount of non-combustible waste has decreased with part of this decrease ending up as various combustible waste.

 Various non-combustibles

As mentioned earlier “Various non-combustibles” is a heterogeneous fraction, and waste from households is divided into domestic waste and bulky waste. Domestic waste from households is waste bags and is allocated to the fraction “Various combustibles” from households, i.e. with respect to “Various non-combustibles”, domestic waste from households is considered to be zero. Bulky waste from households is coupled to the consumption of durable goods, and waste from trade and services etc. is coupled to production within the private and public service sectors. As is apparent from the table, the amount of waste has decreased.

�

Fraction 23: Various non-combustibles��Source��Tonnes��Coefficients�Explanatory

 variables in ADAM���1994�1995�1996�1994�1995�1996���������������������Households: Domestic waste�29,063�18,205�10,034����Zero��                      Bulky waste�161,283 �156,113 �143,626 ����See text��Trade and Services�103,032 �80,522 �76,381 �0.328 �0.253 �0.233 �FXqh, FXqf, FXqq, Fxo��Manufacturing etc.�406,782 �384,126 �333,319 �1.537�1.396�1.194�FXn��Building/construction�210,418 �223,816 �179,402 �4.564 �4.576 �3.413 �FXb��Other sources�3,226�1,679 �1,509 ����Exogenous�����������

As production has increased, the waste coefficient has decreased considerably, i.e., the development over the years 1994 to 1996 mainly reflects changes in the waste collection, which are not explained by the economic activity. One reason for this is increased separation at source and that part of the waste is being collected as “Various combustibles” and reusable fractions. The magnitude of this is unknown, however, and for a scenario model it is still reasonable to project the amount of waste in parallel with the economic development.



Waste from manufacturing is linked to industrial production in general. The coupling is only rough, however, and the waste coefficient has decreased over the period.



The amount of building/construction waste is coupled to activity within the building and construction industry. As for the other sources, the waste coefficient has decreased over the period. 



Paper and cardboard

This fraction consists of clean paper and cardboard, including newspapers and magazines collected separately with the purpose of recycling. The fraction is collected from households, trade and services, manufacturing etc. and building/construction. The amount of waste from latter source is negligible, however, and has been allocated to other sources.



Waste of this fraction from households mainly consists of newspapers and magazines, and is coupled to the consumption of non-durable goods. While the amount has varied somewhat over the three years, the coefficient was almost identical in 1994 and 1996, i.e. a substantial part of the change is explained by consumption. 



With regard to trade and services and manufacturing, the amount of waste increased markedly in 1995. This mainly reflects enlargement of the collection scheme and increased separation at source. Of the amount collected from trade and services, about half consists of corrugated paper while the other half is mixed paper and cardboard. The total is coupled to production within trade and the financial sectors. As is apparent from the table, both the amount and the coefficient decreased slightly in 1996. The amount generated by manufacturing is coupled to production within the branch other manufacturing industries, which includes the paper, printing and publishing industry. Both the amount and coefficient increased slightly in 1996. 

Fraction 50: Paper and cardboard��Source��Tonnes��Coefficients�Explanatory 

variables in ADAM���1994�1995�1996�1994�1995�1996���������������������Households�142,668 �173,333 �160,469 �4.671 �5.386 �4.692 �Fci��Trade and Services�102,889 �180,647 �173,288 �1.048 �1.845 �1.728 �FXqh, FXqf��Manufacturing etc.�106,463 �203,054 �214,015 �2.877 �5.165 �5.507 �FXnq��Other sources�6 �172 �376 �0�0�0�FXb��

Bottles and glass

This fraction comprises bottles and glass collected for reprocessing/recycling, excluding beer and soft drink bottles reused as part of the distribution system.



The total amount of bottles and glass collected decreased about 10% from 1994 to 1995. This is attributable to a procedural change, where one waste management firm switched to reporting the source of the waste as secondary sources (which is not included in the table below) instead of manufacturing, i.e., the change is mainly a statistical change.



Fraction 51: Bottles and glass��Source��Tonnes��Coefficients�Explanatory

 variables in ADAM���1994�1995�1996�1994�1995�1996������������Households�69,064 �46,157 �64,903 �3.922 �2.653 �3.671 �FCn��Trade and Services�25,507 �45,693 �34,282 �0.298 �0.519 �0.377 �FXqq��Sum of line 1 and 2�94,571�91,850�99,185�0.917�0.871�0.914�FCn, FXqq��Manufacturing etc.�14,778 �38 �53 �2.560 �0.006 �0.010 �FXnn��Other sources�178 �162 �199����Exogenous��

The generation of bottle and glass waste from households is coupled to the consumption of beverages and tobacco, while that from trade and services is coupled to production within other service industries, including hotels and restaurants. 



As is apparent from the table, the coefficients for the individual sources vary considerably. If households and trade and services are aggregated, however, the resultant coefficient is relatively constant, i.e. the data reflects problems with correct definition of  sources, while the total seems reasonable.



Plastics

This fraction mainly encompasses plastic from packaging and agricultural use collected for reprocessing, and largely derives from manufacturing, inclusive agriculture. The small amounts from households and trade and services are coupled to the consumption of durable goods and production by the wholesale and retail trade, respectively. The large amount from manufacturing is coupled to production by agriculture and industry in general. At present, agriculture only contributes about 800 tonnes, although, the potential is about 6,000 to 8,000 tonnes.

 

Fraction 52: Plastics��Source��Tonnes��Coefficients�Explanatory

 Variables in ADAM���1994�1995�1996�1994�1995�1996���������������������Households�1,372 �2,277 �1,205 �0.057 �0.095 �0.048 �FCv��Trade and Services�2,546 �2,588 �2,928 �0.033 �0.033 �0.036 �FXqh��Manufacturing etc.�24,678 �20,634 �24,550 �0.079 �0.064 �0.075 �Fxa, FXn��Other sources�1�33 �29 ����Exogenous�����������

Food waste and other organic waste

This fraction is organic waste collected with the purpose of reprocessing for animal food or composting and biogas production. 



Fraction 53: Food waste and Other organic waste��Source��Tonnes��Coefficients�Explanatory

 Variables in ADAM���1994�1995�1996�1994�1995�1996���������������������Households�32,907 �38,913 �45,905 �0.785 �0.902 �1.058 �FCf��Trade and Services�9,710 �21,814 �24,007 �0.045 �0.099 �0.105 �FXqq, Fxo��Manufacturing etc.�33,722 �135,777 �122,719 �0.452 �1.918 �1.743 �FXnf,��Other sources�5,225�1,260 �374����Exogenous�����������

Waste of this fraction from households is mainly source-separated organic waste for composting and biogas production. The amount is coupled to the consumption of foodstuffs and has increased somewhat due to expansion of household waste separation schemes. Waste from trade and services and manufacturing etc. increased considerably in 1995 (two and four fold, respectively), mainly due to improved statistics, i.e. firms reporting for the first time in 1995. Waste from these sources is mainly used for biogas production and the production of animal food. Waste from trade and services is coupled to the production by other service industries, including hotels and restaurants, and by the public sector, including hospitals and other large kitchens. Waste from manufacturing etc. is coupled to production within the foodstuff industry. 

Garden waste

This fraction comprises branches, leaves, grass and other organic waste collected for composting and wood chips. 



Fraction 54: Garden waste��Source��Tonnes��Coefficients�Explanatory

 variables in ADAM���1994�1995�1996�1994�1995�1996���������������������Households�248,574 �298,090 �386,874 ����Exogenous��Trade and Services�13,748 �16,546 �14,773 ����Exogenous��Manufacturing etc.�9,577 �15,487 �10,219 ����Exogenous��Building/construction�29,428 �46,303 �40,039 ����Exogenous��

The amount of this waste is not linked to any economic activity, and the development has to be forecasted exogenously. Assuming unchanged gardening behaviour and collection schemes, including unchanged composting in private gardens, the amount should remain relatively constant in a baseline scenario, i.e. the production of garden waste is expected to be relatively constant. The amount of garden waste collected may increase considerably, however, as collection schemes and use of present collection schemes are expanded. The major part of garden waste comes from households, and the large increase, especially in 1996, mainly reflects expansion of municipal collection schemes and increased usage of these. 

Iron and metal

Iron and metal scrap collected for reprocessing includes fraction 56 (iron and metal reprocessed by Danish firms) and fraction 93 (net export of iron and metal scrap from scrap dealers). Aggregating the two fractions, the total amount of iron and metal scrap collected in Denmark is about 900,000 tonnes per year. The main metal fractions are iron, aluminium, lead and copper, and each derives from numerous sources. Generation of scrap iron and metal from households is coupled to consumption of durable goods, while scrap from trade and services is linked to production by transport and other service industries. The amount of scrap iron and metal from manufacturing etc. is coupled to production by suppliers of building materials, the metals industry and other production industries, while that from building/construction is coupled to the building and construction industry. 



Fraction 56 (+ 93): Iron and metal (including net export of scrap iron and metal)��Source��Tonnes��Coefficients�Explanatory

 variables in ADAM���1994�1995�1996�1994�1995�1996���������������������Households�6,858 �8,603 �38,419 �0.285 �0.360 �1.531 �FCv��Trade and Services�22,529 �25,020 �19,017 �0.133 �0.144�0.475�FXqs, FXqt, FCqq��Manufacturing etc.�852,903 �945,936�826,850

�7.431�7.638�6.693�FXnb, FXnm, FXnq,��Building/construction�4,689 �2,965 �14,528 �0.102 �0.061 �0.276 �FXb��

Car tyres

This fraction covers tyres from private cars, vans and motor cycles collected for reprocessing. At present, tyres from lorries are burned and not reprocessed and hence are not included in the table below. As regards trade and services, the amount of waste has decreased considerably over the period. This is mainly a statistical problem, however, as the recycling branch for tyres comprises many small companies and the statistical coverage in ISAG has decreased over the years. According to notification by the Environmental Fund of the Tyre Branch, about 12,000 tonnes of tyres were collected for reprocessing in 1996. Adding about 4,000 tonnes to the amount recorded in ISAG for trade and services in 1996, and thereby keeping the total more or less constant would provide a more realistic picture of the development. 



Fraction 57: Car tyres

Fraction 57: Car tyres��Source��Tonnes��Coefficients�Explanatory

 variables in ADAM���1994�1995�1996�1994�1995�1996���������������������Households�11 �20 �4 �0.000 �0.000 �0.000 �FCg��Trade and Services�13,107 �7,888 �5,678 �1.238�0.751�0.536�FCg��Manufacturing etc.�2,350 �1,496 �2,034 �0.222�0.142�0.192�FCg��Other sources�0 �1 �0 ����Exogenous��

As a general indicator of tyre usage the amount of tyres collected is coupled to private consumption of petrol and oil for vehicles.



Concrete, Tile/bricks, Other building/construction waste, Asphalt, Wood and Earth and stone

Common for these fractions is that the major part of the waste derives from building/construction, demolition etc. Irrespective of the actual source from which the waste is collected, the amount of waste is coupled to activity within the building and construction industry. The total amount of waste of each of the fractions and the total waste coefficients is shown in the following table.



Fraction 58-63�Tonnes�Coefficients���1994�1995�1996�1994�1995�1996��Concrete�555,896�484,728�942,414�12.058�9.910�17.930��Tile/bricks�64,249�79,828�92,794�1.394�1.632�1.766��Other building waste�422,593�556,094�532,210�9.167�10.755�10.126��Asphalt�708,919�694,152�736,763�15.378�14.191�14.018��Wood�10,269�10,173�15,238�0.223�0.208�0.290��Earth and stone�425,915�400,442�480,216�9.239�8.186�9.137��

The fractions are shown separately apportioned by source in the tables below.



The major increase seen for concrete reflects not only increased building activity but mainly enlarged and improved recycling activity, and the addition of about 210,000 tonnes in 1996 from firms reporting for the first time. If the 210,000 tonnes are subtracted from the 1996 figure, the coefficient would have been about 14.0 (and not 17.9), i.e. the waste coefficient increased by 16% from 1994 to 1996, which reflects enlarged/improved recycling schemes. The increase from 14.0 to 17.9 is due to firms reporting for the first time.



The increase seen for tile/bricks mirrors increased building activity and enlarged recycling schemes. About 1/3 of the increase is attributable to increased building activity and the remainder to enlarged recycling schemes. The coefficient increased 27% from 1994 to 1996.



Other building/construction waste increased markedly in 1995 and decreased slightly in 1996. From 1994 to 1996 the coefficient increased by 10%.



The amount of waste asphalt largely follows building and construction activity, with a slight decrease in the waste coefficient.



Wood is a minor fraction and increased considerably in 1996.



The amount of waste earth and stone (excluding clean soil) from building and construction increased slightly less than the building and construction activity.

�

Fraction 58: Concrete��Source��Tonnes��Coefficients�Explanatory

 variables in ADAM���1994�1995�1996�1994�1995�1996���������������������Households�130 �355 �1,507 �0.003 �0.007 �0.029 �FXb��Trade and Services�100 �319 �12,217 �0.002 �0.007 �0.232 �FXb��Manufacturing etc.�23,619 �3,252 �7,361 �0.512 �0.087 �0.140 �FXb��Building/construction�532,046 �480,789 �921,328 �11.541 �9.829 �17.529 �FXb��

Fraction 59: Tile/bricks��Source��Tonnes��Coefficients�Explanatory

 variables in ADAM���1994�1995�1996�1994�1995�1996���������������������Households�101 �624 �792 �0.002 �0.013 �0.015 �FXb��Trade and Services�55 �1,813 �8,776 �0.001 �0.037 �0.167 �FXb��Manufacturing etc.�898 �304 �192 �0.060 �0.020 �0.013 �FXb��Building/construction�63,194 �72,206 �83,035 �1.371 �1.476 �1.580 �FXb��



Fraction 60: Other building/construction waste��Source��Tonnes��Coefficients�Explanatory

 variables in ADAM���1994�1995�1996�1994�1995�1996���������������������Households�1,577 �3,219 �3,385 �0.034 �0.066 �0.064 �FXb��Trade and Services�665 �147 �407 �0.014 �0.003 �0.008 �FXb��Manufacturing etc.�20,247 �15,757 �13,466 �1.352 �1.029 �0.915 �FXb��Building/construction�400,105 �506,971 �514,952 �8.679 �10.364 �9.797 �FXb��



Fraction 61: Asphalt��Source��Tonnes��Coefficients�Explanatory

 variables in ADAM���1994�1995�1996�1994�1995�1996������������Households�2 �26 �56 �0.000 �0.001 �0.001 �FXb��Trade and Services�150 �53 �168 �0.003 �0.001 �0.003 �FXb��Manufacturing etc.�5,077 �28 �34,206 �0.339 �0.002 �2.323 �FXb��Building/construction�703,689 �694,044 �702,333 �15.264 �14.189 �13.363 �FXb��

�

Fraction 62: Wood��Source��Tonnes��Coefficients�Explanatory

 variables in ADAM���1994�1995�1996�1994�1995�1996���������������������Households�3,105 �2,162 �3,518 �0.067 �0.044 �0.067 �FXb��Trade and Services�188 �27 �25 �0.004 �0.001 �0.000 �FXb��Manufacturing etc.�278 �384 �605 �0.006 �0.008 �0.012 �FXb��Building/construction�6,695 �7,600 �11,090 �0.145 �0.155 �0.211 �FXb��

Fraction 63: Earth and stone��Source��Tonnes��Coefficients�Explanatory

 variables in ADAM���1994�1995�1996�1994�1995�1996���������������������Households�2,501 �9,182 �7,896 �0.054 �0.188 �0.150 �FXb��Trade and Services�899 �3,004 �1,816 �0.020 �0.061 �0.035 �FXb��Manufacturing etc.�19,275 �11,629 �4,747 �0.418 �0.238 �0.090 �FXb��Building /construction�401,669 �376,544 �465,459 �8.713 �7.698 �8.856 �FXb��Other sources�1,571�84�301����Exogenous��

Other reusable waste

This fraction comprises heterogeneous waste for later separation and reprocessing/recycling. 



Fraction 64: Other reusable waste��Source��Tonnes��Coefficients�Explanatory

 variables in ADAM���1994�1995�1996�1994�1995�1996���������������������Households�32,755 �28,800 �43,469 �1.359 �1.207 �1.732 �FCv��Trade and Services�4,200 �6,699 �14,212 ����Exogenous��Manufacturing etc.�14,253 �32,484 �14,757 �0.385 �0.826 �0.380 �FXnq��Building/construction�30,562 �39,957 �93,475 �0.663 �0.817 �1.778 �FXb��

�

Hospital waste

This fraction covers infectious, biodegradable and low-grade radioactive waste, which either requires special treatment or is incinerated. The amount increased somewhat from 1994 to 1996. Generation of this waste fraction not linked to any economic activity, and the amount has to be forecasted exogenously.



Fraction 66: Hospital waste��Source��Tonnes��Coefficients�Explanatory

 variables in ADAM���1994�1995�1996�1994�1995�1996���������������������Households�3 �4 �5 ����Exogenous��Trade and Services�7,532 �8,367 �8,670 ����Exogenous��Manufacturing etc.�0 �0 �25 ����Exogenous��Building and construction�0 �0 �0 ����Exogenous��

Sieving waste

This fraction is waste from composting and biogas production, and will increase as these processing facilities are enlarged. For the present model, this is exogenous. 

Fraction 67: Sieving waste��Source��Tonnes��Coefficients�Explanatory

 variables in ADAM���1994�1995�1996�1994�1995�1996���������������������Households�0 �0 �1 ����Exogenous��Trade and Services�13 �0 �0 ����Exogenous��Manufacturing etc.�0 �0 �0 ����Exogenous��Building/construction�12 �20 �0 ����Exogenous��Other sources�102�1,471�731����Exogenous��

Sludge and sewage 

Waste from waste water treatment includes fractions 68 to 71 (sludge) and fraction 92 (sewage) and is summarised in the following table. Waste of these fractions from manufacturing derives from industrial waste water treatment plants, mainly within the food producing industries. Development in the amount of this waste is thus coupled to production in the food industry. As is apparent from the table, both the amount of waste and the waste coefficient increased considerably from 1994 to 1996. Sewage from municipal sewage treatment plants and other sources is exogenous in the present model. As the upgrading of municipal sewage treatment plants under the Action Plan on the Aquatic Environment has now been completed, sewage from municipal sewage treatment plants is almost constant.



Fraction 68 to 70 and 92: Sludge and sewage��Source��Tonnes��Coefficients�Explanatory

 variables in ADAM���1994�1995�1996�1994�1995�1996���������������������Manufacturing etc.�34,147�91,262�136,950�0.457�1.289�1.945�FXnf��Municipal sewage treatment�1,038,600�1,070,300�1,070,600����Exogenous��Other sources�100,336�101,845�106,760����Exogenous�����������

Sand and screenings comprise another part of waste from waste water treatment. In the case of manufacturing, the fraction is also coupled to production in the food industry. In contrast to the sewage fractions, the waste coefficient for sand and screenings is relatively constant. Waste from other sources is exogenous in the present model.



Fraction 71: Sand and screenings��Source��Tonnes��Coefficients�Explanatory

 variables in ADAM���1994�1995�1996�1994�1995�1996������������Manufacturing etc.�17,272 �19,404 �15,697 �0.231 �0.274 �0.223 �FXnf��Other sources�36,029�37,014�45,572����Exogenous�����������

Slag, flyash, flue gas purification product and residuals from coal-fired power plants



Slag, flyash and flue gas purification products are coupled to coal consumption and depend on the quality of the coal used. The amount of this waste is coupled to industrial coal consumption in TJ in the case of manufacturing etc., while the amount from other sources is minor and exogenous in the model. Generation of residuals from coal-fired power plants is coupled to coal consumption by coal-fired power plants.



As is apparent from the tables, the amount of waste varied considerably over the period, however, for the large amount “residuals from coal-fired power plants”, the coefficient (waste in tonnes/coal consumption in TJ) is almost constant. For baseline forecasts, coal consumption by industry and power plants is predicted in the Government’s energy action plans, at present Energy21.



Fraction 72: Slag��Source��Tonnes��Coefficients�Explanatory

 Variables in ADAM���1994�1995�1996�1994�1995�1996���������������������Manufacturing etc.�7,644 �11,905 �13,186 �0.519 �0.821 �0.783 �Industrial coal consumption��Other sources�94�1,202�886����Exogenous�����������

�

Fraction 73: Flyash��Source��Tonnes��Coefficients�Explanatory

 variables in ADAM���1994�1995�1996�1994�1995�1996���������������������Manufacturing etc.�96 �86 �20 �0.007 �0.006 �0.001 � Industrial coal consumption��Other sources�54�16�20����Exogenous�����������

Fraction 74: Flue gas purification product��Source��Tonnes��Coefficients�Explanatory

 variables in ADAM���1994�1995�1996�1994�1995�1996���������������������Manufacturing etc.�5 �30 �530 �0.000 �0.002 �0.032 �Industrial coal consumption��Other sources�26,467�3�4����Exogenous�����������

Fraction 90: Residuals from coal-fired power plants��Source��Tonnes��Coefficients�Explanatory

 variables in ADAM���1994�1995�1996�1994�1995�1996���������������������Coal-fired power

 lants�1,962,000 �1,699,000 �2,332,000 �6.45�6.72�6.52�Coal used by power plants�����������

Dusty asbestos

Asbestos materials that may emit asbestos dust are collected for special depositing. This waste derives mainly from the building and construction industry, where asbestos materials have been used as building materials. The total amount of waste is thus coupled to building and construction activity, and the coefficient is fairly stable from 1994 to 1996. For long-term forecasts, however the amount may be expected to decrease as use of asbestos in new building materials is prohibited. 



Fraction 75: Dusty asbestos��Source��Tonnes��Coefficients�Explanatory

 variables in ADAM���1994�1995�1996�1994�1995�1996���������������������Households�231 �322 �352 �0.005 �0.007 �0.007 �FXb��Trade and Services�18 �6 �3 �0.000 �0.000 �0.000 �FXb��Manufacturing etc.�9 �31 �77 �0.000 �0.001 �0.001 �FXb��Building/construction�6,045 �6,944 �7,387 �0.131 �0.142 �0.141 �FXb��

Beet earth

This fraction consists of earth from the cleaning of sugar beet in the production of sugar. As is apperent from the table, the amount of earth varied considerably between the years. This reflects varying harvesting conditions, with the amount of earth being greatest in wet years. As sugar production in Europe is regulated by quotas, and as the Danish quota is not expect change, Danish sugar production is expected to remain constant. However, studies show that it should be possible to reduce the present amount to about 150,000 tonnes using cleaner technology. The amount of beet earth is therefore expected to decrease in baseline scenarios.



Fraction 91: Beet earth��Source��Tonnes��Coefficients�Explanatory

 variables in ADAM���1994�1995�1996�1994�1995�1996���������������������Sugar industry�260,000 �215,000 �314,088 ����Exogenous�����������Actual and model calculated amounts of waste, 1994-96

This section compares actual data for the total amount of waste from the individual sources with model calculations assuming constant 1996 waste coefficients. Moreover, development in the amount of waste is compared with a simple model, where the total is calculated assuming a constant waste coefficient for the total amount of waste from the source, i.e. the total amount of waste from households is assumed to follow total private consumption, that for trade and services follows total production by the trade and service sector, and so forth for the other sources.

For households, the development is compared excluding fraction 54, “Garden waste”. The model assumes that this fraction is exogenous, and therefore implicitly assumes the amount to be constant, whereas it actually increased by 138,300 tonnes over the period 1994 to 1996. 

Comparing the corrected and the calculated development, the model largely describes the increase from 1995 to 1996. However, the decrease from 1994 to 1995 is not captured by the model. Comparison of the present and the simple model revealed only minor differences. This implies that for the period 1994 to 1996, changes in the composition of the private consumption were unimportant for waste generation.

Households�Total�Total excl fraction 54  (Garden waste)���ISAG data�Corrected data�Present model�Simple model��1994�2,551,359�2,302,785�2,258,550�2,257,800��1995�2,590,214�2,292,124�2,284,889�2,302,296��1996�2,741,200�2,354,327�2,354,327�2,354,327��In the case of trade and services, “Garden waste” is also excluded from the comparison. This is not very important, though, as the amount is minor and relatively constant. Comparing the present model and the corrected data, the increase from 1994 to 1995 was not captured by the model. About half of the increase was within the fraction “Paper and cardboard” and was partly attributable to expansion of the collection scheme. Another large increase occurred within the fraction “Various combustibles”, which the model does not capture. Comparison of the present model and the simple model revealed only minor difference.

�

Trade and services�Total�Total excl. fraction 54 (Garden waste)���ISAG data�Corrected data�Present model�Simple model��1994�655,046�641,298�801,313�800,019��1995�832,988�816,442�810,523�809,765��1996�847,779�833,006�833,006�833,006��As regards manufacturing etc., the corrected data excludes beet earth, and a total of 219,000 tonnes has been added to the 1994 ISAG figure, representing firms that should have reported in 1994 but reported for the first time in 1995. Both the present model and the simple model calculates a larger increase than the corrected data show, and neither of the models are able to capture the large figure for 1995. (A major increase in 1995 and decrease in 1996 is found for iron and metal incl. net export of scrap.)

Manufacturing etc.�Total�Total excl. beet earth���ISAG data�Corrected data1�Present model�Simple model��1994�2,318,316�2,277,316�2,212,508�2,199,171��1995�2,563,226�2,348,226�2,304,326�2,285,404��1996�2,632,177�2,318,089�2,318,089�2,318,089��1 219,000 tonnes added to the figure in 1994 representing firms reporting for the first time in 1995.

In building/construction 240,000 tonnes were added to the figures in 1994 and 1995 representing firms reporting to ISAG for the first time in 1996. Comparing the corrected data and the model calculations, the models capture the major part of the increase in the total amount of waste, with the differences between the present model and the simple model being minor. 

Building/construction.�Total�Total���ISAG data�Corrected data1�Present model�Simple model��1994�2,447,646�2,687,646�2,740,520�2,733,724��1995�2,564,480�2,804,480�2,904,463�2,900,783��1996�3,116,776�3,116,776�3,116,776�3,116,776��1 240,000 tonnes are added to the figures in 1994 and 1995 representing firms reporting for the first time in 1996.

With respect to waste water treatment plants, the major part of the waste derives from municipal sewage treatment plants, and these are exogenous in the present model and assumed to be constant.

Waste water treatment�Total�Total���ISAG data�Corrected data�Present model��1994�1,183,376�1,183,376�1,211,952��1995�1,195,438�1,195,438�1,211,968��1996�1,211,989�1,211,989�1,211,989��As regards other sources, the major part of the waste is residuals from coal-fired power plants, which is coupled to coal consumption by the power plants. As the waste coefficient for this waste is relatively constant, while the coal consumption varies substantially, the model captures the major part of the development.

Other sources�Total�Total���ISAG data�Corrected data�Present model��1994�1,975,541�1,975,541�2,015,293��1995�1,705,317�1,705,317�1,679,866��1996�2,361,550�2,361,550�2,361,550��To conclude, at the aggregated level only part of the recorded development is captured by the model. However, of the developments not captured by the model a considerable part is attributable to specific changes within a few fractions. Comparing the present model and the simple model with respect to capturing the development from 1994 to 1996, the two models perform fairly identically. Thus with respect to aggregated waste generation, the composition of production and private consumption has not changed significantly. The major advantage of the present model over the simple model is that it is able to capture the effects of changes in the composition of production and consumption.

 �

Baseline scenario and sensitivity analyses

To illustrate the workings of the model, a baseline scenario and a few sensitivity analyses are shown. Sensitivity analyses using alternative ADAM forecasts are not shown, although this is facilitated by the coupling to ADAM, and the model may be used to analyse how alternative economic developments and policies affect waste generation.  

Based on the economic forecasts used for the 1997 public budget (Ministry of Finance 1997 Medium Term Economic Survey) and the energy forecast in the Government’s energy action plan, Energy21, the amount of waste has been calculated for the period 1996 to 2005. Aggregated economic development is shown in Table 5.1. In general, all economic activities are assumed to increase by about 25% from 1996 to 2005, with industrial production growing slightly less and that within the trade and service sector slightly more. 

In Energy21, coal consumption by power plants is expected to decrease to about 1/3 of that in 1996. As seen in Table 5.2, this implies an equally considerable decrease in generation of residuals from coal-fired power plants. Part of the decrease is due to extraordinarily large electricity production and coal consumption in 1996, and to the a net export of electricity in 1996. According to Energy 21, however coal consumption by power plants will decrease about 50% from 1997 to 2005 due to a switch in fuel.

Table 5.1 Aggregated economic development in constant prices. Dkk million.

�Industrial

Production�Trade and

Services�Building/construction�Private consumption���1980-prices�Index�1980-prices�Index�1980-prices�Index�1980-prices�Index��1996

2000

2005�279,048

304,217

337,049�1.00

1.09

1.21�278,972

318,144

370,406�1.00

1.14

1.33�52,560

57,695

65,033�1.00

1.10

1.24�290,102

322,962

362,037�1.00

1.11

1.25��

�

                    Table 5.2. A baseline scenario for the development in waste generation in tonnes

Fractions��Total�Households�Trade and

 services�Manufac-turing etc. �Building/construct.�Waste water

treatment�Coal-fired

power�Other

sources��09

Oil and

Chemical waste�1996

2000

2005�159655

178108

197733�16214

18767

20841�23719

28749

31916�102145

111358

123377�16952

18609

20975�625

625

625��0

0

0��19

Various

Combustibles�1996

2000

2005�2753356

3023219

3329562�1810785

1993944

2188310�424327

466310

519327�440364

480083

531895�51196

56199

63346�79

79

79��26605

26605

26605��23 

Various non-combustibles�1996

2000

2005�747526

831409

940124�154322

183054

217963�76382

83939

93482�333319

363383

402601�179402

196932

221977�2592

2592

2592��1510

1510

1510��50 to 64 excl 54

recycleable

waste�1996

2000

2005�4741682

5210868

5866354�371530

424422

485030�296821

336793

380839�1265556

1367580

1526509�2806966

3081235

3473096�596

625

667��213

213

213��54

Garden

Waste�1996

2000

2005�451934

451934

451934�386874

386874

386874�14773

14773

14773�10219

10219

10219�40040

40040

40040�29

29

29��0

0

0��65 to 75

Waste for special

Treatment�1996

2000

2005�340630

351210

363746�1476

1510

1560�11756

11756

11756�166485

176309

187765�22219

22941

23972�137369

137469

137469��1223

1223

1223��Total

Fractions 9 to 75�1996

2000

2005�9194783

10046748

11149453�2741200

3008573

3300577�847779

942320

1052094�2318089

2508933

2782366�3116776

3415955

3843406�141388

141418

141460�0

0

0�29550

29550

29550��Total

Fractions 9 to 75

Index 1996=1.0�1996

2000

2005�1.000

1.093

1.213�1.000

1.098

1.204�1.000

1.112

1.241�1.000

1.082

1.200�1.000

1.096

1.233�1.000

1.000

1.001�1.000

1.000

1.000�1.000

1.000

1.000��Residuals from power plants�1996

2000

2005�2332000

1099972

830052������2332000

1099972

830052���Beet earth

�1996

2000

2005�314088

200000

150000���314088

200000

150000������Sewage from

Municipal water treatment plants �1996

2000

2005�1070600

1070600

1070600�����1070600

1070600

1070600����Total�1996

2000

2005�12911471

12417320

13200105�2741200

3008573

3300577�847779

942320

1052094�2632177

2708933

2932366�3116776

3415955

3843406�1211989

1212018

1212060�2332000

1099972

830052�29550

29550

29550��Total 

Index 1996 = 1.0�1996

2000

2005�1.000

0.962

1.022�1.000

1.098

1.204�1.000

1.112

1.241�1.000

1.029

1.114�1.000

1.096

1.233�1.000

1.000

1.000�1.000

0.472

0.356�1.000

1.000

1.000��

The baseline scenario in Table 5.2 shows that the amounts of waste fractions 9 to 75 generally follow economic development of the sources, but that growth is slightly less than the growth in economic activity, especially in the case of waste from trade and services, which grows less than production of the aggregated branch. All in all, the baseline scenario shows an increase in waste over the period 1996 to 2005 as a result of growth in economic activity.

In the case of the three major fractions shown at the bottom of Table 5.2, the development is quite different. As mentioned earlier, residuals from coal-fired power plants decreases due to reduced coal consumption. Beet earth decreases due to an extraordinarily large amount in 1996 (a wet harvest season) and expected technological changes. Sewage from municipal treatment plants is expected to remain constant as the number of municipal waste water treatment plants is expected to remain unchanged. As a result, the total amount of waste from these three fractions decreases during the period.

Examination of the individual sources and fractions reveals some de-coupling. For instance, various non-combustible waste from households increases more than total private consumption, and the amount from trade and services increases less than production by the trade and service sector. This reflects the fact that different fractions of waste are linked to different economic activities and that in the present forecast/scenario, the different economic activities are assumed to increase differently. At the aggregated level, however, deviations from the overall economic growth tend to even out in the present forecast, and waste generation for the aggregated fractions follows general economic growth.

Model calculations of the change in the amount of waste when all or part of the economic activities are increased by 10% are shown in Tables 5.3 to 5.7. The figures in the tables are waste indices, where a value of 1.1 indicates a 10% increase in the amount of waste and a value of 1.05 indicates a 5% increase. 



In Table 5.3, all economic activities have been increased by 10% except coal consumption by power plants, which has been kept constant. The table shows that under these circumstances, waste of the first four fractions increases by almost 10%, garden waste remains unchanged and waste for special treatment increases by only about 5%. Household waste and waste from the three production sectors increases between 8% and 10%. That the increase in total waste from each source is not 10% largely reflects the influence of garden waste and waste for special treatment. Waste from waste water treatment plants and other sources is almost independent of economic development and the amount of waste from these sources only changes marginally. In total, the amount of waste increases about 7%, or 850,000 tonnes.



Table 5.3. Change in the amount of waste generated by a 10% increase in all economic activities except coal consumption by power plants.



�Total�Households�Trade/servi�Manufact.�Building�Sewage�Other��Oil & chem�1.100�1.100�1.100�1.100�1.100�1.000�1.000��Combust.�1.076�1.066�1.100�1.100�1.100�1.000�1.000��Non-combu�1.098�1.094�1.100�1.100�1.100�1.000�1.000��Recycleable�1.098�1.100�1.094�1.092�1.100�1.051�1.099��Garden waste�1.000�1.000�1.000�1.000�1.000�1.000�1.000��Special�1.048�1.024�1.000�1.092�1.034�1.000�1.000��Total�1.066�1.064�1.095�1.085�1.098�1.000�1.001��

Tables 5.4 to 5.7 show the effects of changing the economic activity of the first four sources by 10% respectively, i.e. private consumption and production within the trade and service sectors, the manufacturing industries, and the building and construction industries, respectively. Comparing Tables 5.4 to 5.7 with Table 5.3 it is apparent, that sources are almost identical to the economic agents, i.e. a change in the private consumption mainly has direct effects on household waste while a change in the production within trade and service sector only has direct effects on waste generation by the trade and service sector. 



The tables also indicate how much the individual sources contribute to changes in the amounts of waste. Of the 6.6% increase in total waste shown in Table 5.3, 1.5% is attributable to households (total in Table 5.4), 0.6% to trade and services, 1.8% to manufacturing etc. and 2.6% to building and construction. Similar information is also shown for the individual fractions. 

�

Table 5.4. Change in the amount of waste generated by a 10% increase in private consumption.



�Total�Households�Trade/servi�Manufact.�Building�Sewage�Other��Oil & chem�1.026�1.100�1.100�1.000�1.000�1.000�1.000��Combust.�1.044�1.066�1.000�1.000�1.000�1.000�1.000��Non-combu�1.020�1.094�1.000�1.000�1.000�1.000�1.000��Recycleable�1.008�1.095�1.002�1.000�1.000�1.000�1.000��Garden waste�1.000�1.000�1.000�1.000�1.000�1.000�1.000��Special�1.000�1.000�1.000�1.000�1.000�1.000�1.000��Total�1.015�1.063�1.003�1.000�1.000�1.000�1.000��

Table 5.5. Change in the amount of waste generated by a 10% increase in production by the trade and service sector.



�Total�Households�Trade/servi�Manufact.�Building�Sewage�Other��Oil & chem�1.000�1.000�1.000�1.000�1.000�1.000�1.000��Combust.�1.015�1.000�1.100�1.000�1.000�1.000�1.000��Non-combu�1.010�1.000�1.100�1.000�1.000�1.000�1.000��Recycleable�1.005�1.000�1.085�1.000�1.000�1.000�1.000��Garden waste�1.000�1.000�1.000�1.000�1.000�1.000�1.000��Special�1.000�1.000�1.000�1.000�1.000�1.000�1.000��Total�1.006�1.000�1.089�1.000�1.000�1.000�1.000��

Table 5.6. Change in the amount of waste generated by a 10% increase in production by the manufacturing branches.



�Total�Households�Trade/servi�Manufact.�Building�Sewage�Other��Oil & chem�1.063�1.000�1.000�1.100�1.000�1.000�1.000��Combust.�1.015�1.000�1.000�1.100�1.000�1.000�1.000��Non-combu�1.044�1.000�1.000�1.100�1.000�1.000�1.000��Recycleable�1.024�1.000�1.000�1.091�1.000�1.000�1.000��Garden waste�1.000�1.000�1.000�1.000�1.000�1.000�1.000��Special�1.046�1.000�1.000�1.092�1.000�1.000�1.000��Total�1.018�1.000�1.000�1.085�1.000�1.000�1.000��

Table 5.7. Change in the amount of waste generated by a 10% increase in production by the building and construction sector.



�Total�Households�Trade/servi�Manufact.�Building�Sewage�Other��Oil & chem�1.011�1.000�1.000�1.000�1.100�1.000�1.000��Combust.�1.002�1.000�1.000�1.000�1.100�1.000�1.000��Non-combu�1.024�1.000�1.000�1.000�1.100�1.000�1.000��Recycleable�1.061�1.005�1.008�1.001�1.100�1.051�1.000��Garden waste�1.000�1.000�1.000�1.000�1.000�1.000�1.000��Special�1.002�1.024�1.000�1.000�1.034�1.000�1.000��Total�1.026�1.001�1.003�1.001�1.098�1.000�1.000��

�Conclusions

The model developed is a simple scenario model linking the generation of waste to economic activities described by the macroeconomic model ADAM. The waste model converts forecasts for the economic development to scenarios for waste generation. Given alternative economic developments, the model may be used to analyse how the economy affects waste generation. 

The coupling to economic activities is performed at a detailed level and it is therefore possible to obtain some information about the specific content of the waste. Indicating which economic activities are responsible for the generation of waste, the coupling should be more precise than simple coupling at an aggregated level.

With respect to performance, the present model and a simple model coupled at an aggregated level give almost identical descriptions of the aggregated development over the observation period (the years 1994 to 1996). The point, however, is that with respect to aggregated waste generation, the composition of production and consumption has not changed significantly from 1994 to 1996. Still, the present model has the advantage of being able to capture such changes. 

Another conclusion is that the actual development from 1994 to 1996 is not fully explicable by the model. Waste coefficients have changed due to legislation, enlarged collection schemes etc. In addition, the coverage of the waste statistics has improved. For forecasting purposes this implies that a baseline scenario assuming constant waste coefficients is only a starting point. This will have to be supplemented with evaluations of how coefficients may change. Moreover, with respect to individual waste fractions, one has to consider how alternative collection schemes may convert waste from one fraction to another. 

The general conclusion from the baseline scenario and sensitivity analyses is that assuming constant waste coefficients, the amount of waste follows the economic development. Changes in the composition of consumption and production may change the proportionality at the aggregated level, however. In addition, some fractions (e.g. garden waste) are not coupled to economic development and for others technological changes are expected to reduce the amount of waste.

Finally, in applying the model it should be kept in mind that this is an initial model based on the limited data available, and that the coupling to economic activities is subject to some uncertainty. The data available are insufficient for establishing firm relationships between the amount of waste and detailed economic variables. However, the coupling used is our best evaluation of how amounts of waste and economic activities are related.

�
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�Appendix 1. ISAG waste source, fraction, type and treatment categories and ADAM branch and consumption categories.



�Table B1.ISAG source categories.

01

02

03

04

05

06

07

08

10

11

12

13�Households

Institutions

Trade and services

Manufacturing etc.

Building and demolition

Roads and other construction

Waste water treatment plants

Container/ reloading stations

Processing plants

Composting/biogas

Incineration/energy

Landfills��

Table B2. ISAG waste fractions  

09.01

19.00

23.00

50.00

51.00

52.00

53.00

54.00

55.00

56.20

57.00

58.00

59.00

60.00.

61.00

62.00

63.00

64.00

65.00

66.00

67.00

68.00

69.00

70.00

71.00

72.00

73.00

74.00

75.00

90.00

91.00

92.00

93.00



�Oil and chemical waste

Various combustibles 

Various non-combustibles

Paper and cardboard

Bottles and glass

Plastics

Waste food/other organic waste

Garden waste

Bark/wood shavings

Iron and  metal

Car tyres

Concrete

Tile/Bricks

Other building/construction waste

Asphalt

Wood

Earth and stone

Other reusable waste

Compost

Hospital waste 

Sieving waste

Sludge < 10% solids (fluid)

Sludge 10-30% solids (soft)

Sludge > 30% solids (solid)

Sand and screenings

Slag

Flyash

Flue gas purification product

Dusty asbestos

Residuals from power plants

Beet earth

Sewage from municipal plants

Net export of scrap iron and metal��



















                Table B3. ISAG waste types  

01

21

22

23

24

25

09�Domestic waste

Bulky waste

Garden waste

Industrial waste

Environmentally hazardous waste

Hospital waste

Treatment residue��











                Table B4. ISAG treatment types 

01

02

03

04

05

06�Processing

Incineration

Landfills

Special treatment

Transported from plant

Exported��













































�





Production in 1980-prices



fXa	Agriculture etc.

fXe	Lignite, crude oil andnatural gas

fXng	Oil refineries

fXne	Power, gas and district heating

fXnf	Foodstuff industry

fXnn	Stimulant industry

fXnb	Building material suppliers 

fXnm	Iron and metal industries

fXnt	Transport industry

fXnk	Chemicals industry etc. 

fXnq	Other manufacturing industries

fXb	Building and construction activities

fXqh	Wholesale and retail trade

fXqs	Sea transport

fXqt	Other transport etc. 

fXqf	Financial activities

fXqq	Other service industries

fXh	Housing

fXo	Public services



Private consumption in 1980-prices



fCf	Foodstuffs

fCn	Stimulants

fCi	Other non-durable goods

fCe	Fuel

fCb	Car purchases

fCg	Petrol and oil for vehicles

fCk	Public transport

fCh	Housing

fCv		Durable consumer goods

fCs	Services

fCt	Travelling





















� A complete listing of ISAG waste source, fraction, type and management categories and ADAM consumption and branch categories is given in Appendix 1.

� In economic models, the development of variables measured in constant prices is interpreted as the development in real or physical quantities.
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