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Federal Statistical Office Germany Wiesbaden, March 2000

German Environmental Economic Accounting (GEEA)

- Summary information -

Objectives

Nature has much to offer for econbmic use. It suinplies energy and raw materials, provides the
location for businesses, and serves as a medium receiving pollutants, waste, etc. However, its
potential is not unlimited. Being used it is reduced, at worst even destroyed. Nature is a factor
of production whose scarcity must be considered in national economic accounting. This has
been noted only in recent years as environmental problems are becoming more serious and

pressing.

. German Environmental Economic Accounting (GEEA) approaches the statistical coverage of
changes in "natural capital” due to economic activities. The idea is to calculate depreciation
for nature as it is done for produced assets. In this context, sustainable development serves as a
guiding principle. This means - as a first approximation - making the use of material, energy,
and land for economic activities more efficient. In the final analysis, sustainability requires the
long-term preservation of nature's functions (potentials). Environmental Economic Accounting
is to show in statistical terms which natural resources are used, consumed, depleted, or
destroyed by the economic activities (production/consumption) of a period, and what expen-
diture is done or necessary for countermeasures. All this is based on the process of creating
value added as reflected in economic statistics. Generally, only trends, mean values,
distributions and similar macro-economic indicators are of interest. Individual cases such as

materials, spaces, enterprises or incidents are aggregated.
Subject Structure

Statistical data have to be provided for the main categories sources of pressures on the

environment, state of the environment and environmental protection measures. For the



category pressures, a distinction can be made between material flows and area uses. In the
field of environmental protection there are aftercare and preventive measures. This subject
structure is following the “pressure-state-response framework™ developed and used by
international institutions (e.g.UN, OECD) for structuring statistical data on the environment

Methodological concept

The calculation of depreciation for natural capital involves numerous methodological prob-
lems (problems of valuation/aggregation, limited knowledge of cause-effect relations,
significant regional differences). For this reason, one must not expect too much of such a
calculation. It would certainly be wishful thinking to believe that such a calculation could
provide one single objective and indisputable depreciation value in monetary terms from
which a sound, sustainable growth of the national income could in turn be derived. The ,,Eco-
Domestic Product® or ,,Green National Product® as one single figure will not be calculated by
the Federal Statistical Office. Moreover it seems to be more realistic to calculate pathways for
a sustainable economy with the help of dynamic multi-sectoral models. By statistical law
modelling in general is not a task of the Statistical Office. Such modelling calculations will be
conducted in Germany by independent research institutes. For developing these multi-sectoral

models GEEA will offer in close co-operation with the research institutes basic data.

The German Environmental Economic Accounting has been set up to provide answers to
questions in economic and environmental policy at every stage on the way to the final and
filled GEEA-system. For evaluating the efficiency of natural resource handling within the
framework of structural and environmental policy, it is of fundamental importance to know the
use of raw materials, energy and land changes within the sectors of the economy over time,
and what, in contrast, the emissions into the natural environment are. Highly aggregated
indices of the state of the environment indicate qualitative changes in a standardized form and
reflect the effects and benefits side of environmental protection measures. The cost side and
the current burden on the economy are recorded for environmental protection activities which
are actually being carried out. Imputed abatement costs of additional preventive measures
complete the picture, helping to weigh different "standards" (target values) for important
physical pressures. The following figure presents the complete concept of the German

Environmental Economic Accounting:



Working area 1 Working area 4

Five subjects are covered by the German Environmental Economic Accounting:

1.
2.
3.
4
5

Material and energy flow analyses, raw material consumption, emission structure
Use of land and space, land cover

State of the environment

Environmental protection activities, capital formation, expenditures

Imputed abatement costs for attaining standards

The various subject areas are each characterized by their own specific methods: In subject
areas 1, 4, and 5, methods of economic statistics and accounting are used to balance the
material flows caused by the economic sectors and the environmental protection activities
taken. Subject area 2 deals with immaterial pressures arising from a modified distribution of
land uses and physical interventions. Remote sensing and geo information systems are used
here as methodological instruments. In subject area 3, the objective basically is to condense
measuring and monitoring data, which are available in an isolated form so as to provide

suitable indicators. On the basis of subject area 2, an area sample is developed which aims at



the production of ecoindicators/ecoindices. The sample should reflect the change of diversity
of landscapes, fauna and flora in an efficient and cost saving way.

The entire working area of Environmental Economic Accounting does not include the setting
of standards. For establishing such standards, however, information from Environmental Eco-
nomic Accounting explicitly aims at providing factual data on costs and benefits of alternative

standard values for the process of political decision-making.
Relation to national accounting

The result of the discussion on an environment-related extension of national accounting is that
it would seem best to continue as before with the traditional national product computations,
which are an important means of short and medium-term monitoring of business development.
For presenting economic-ecological relations a satellite system should be created separately,
which has to be closely linked with the traditional national accounts as its core system. This
approach would be preferable in view of the methodological and statistical deficits still
existing with regard to the valuation of economic pressures created by the business sector.
Limiting the approach to supplementary satellite systems means that there will be the chance
to test new concepts, methods and to use new data. This would not affect the data quality
required for national product computations in the narrower sense. International concepts for a
satellite system for the environment were developed in particular by the United Nations. In a
handbook on national accounting, the System for Integrated Environmental and Economic
Accounting (SEEA) was presented. In Germany, the satellite system for the environment is
implemented on the basis of the conceptual proposals of the SEEA as part of the German
Environmental Economic Accounting. Presently the SEEA handbook is in a process of
revision based on the experiences made by international institutions and statistical offices
working in this field. The Federal Statistical Office of Germany is participating in this work

and so the further development of GEEA will rely on the outcomings of these discussions.
Multi-sectoral modelling approaches

As mentioned above the calculation of total cost figures for the entire economy reflecting the
depreciation on the natural assets of a nation is not carried out within the framework of the
GEEA. Nevertheless the data of the GEEA-silbject areas ,Material- and energy flow
analyses“, ,,Environmental protection activities and ,Imputed abatement costs“ offer an

important part of the basic information required for multi-sectoral modelling approaches.



These models, in Germany conducted by scientific institutions, try to estimate the total
abatement costs for the entire economy expressing the periodical valuation of the pressures on
the environment. The results of such type of modelling calculation are depending to a great

extent on the underlying model specific assumptions and restrictions.
Scientific advice

In 1990 the Federal Minister for the Environment, Nature Conservation and Nuclear Safety
established an Advisory Council for Environmental Economic Accounting that has been
entrusted with providing scientific advice in any matters related to Environmental Economic
Accounting. In its 1991 and 1995 statements, the council expressed the opinion that
Environmental Economic Accounting are indispensable for an environmental policy aimed at
achieving sustainability. At regular intervals the council discusses the methodological bases of
the concept of Environmental Economic Accounting and the details of its implementation.
These aspects are discussed in detail in the third statement of the Advisory Council as well,
given to the Ministry of Environment in 1998. In 1994, an Advisory Circle representing
various social groups (above all industrial and environmental associations and trade unions)
was assigned to the Council with the aim to put Environmental Economic Accounting on a

broad social basis.

Work progress and results

The subject areas provide the framework for supporting further development and empirical
work. Research projects and field studies partly assisted by external experts have been and
will be carried out in each field of work. Empirical data have become available on economic
activities creating pressures, material and energy flow analyses, emissions of individual
sectors of economic activity and environmental protection expenditure. They are published
periodically in the series 19 ,,Environment” by the Federal Statistical Office. Core results
about the main environmental economic tendencies of Germany are presented to the public
every year by a GEEA press conference. Most of these data are also available on the
homepage of the Federal Statistical Office of Germany (see: http://www.statistik-bund).

The data base of GEEA will be further developed step by step in order to present data to

support political decision making aiming at sustainable development of society and economy.



Residuals in SEEA, rev. 1 (chapter 3)

The principle idea of physical accounting is the description of physical flows to have a look at
important pressures that occur along with economic activities. An important application is the
combination of physical and monetary accounting in order to associate economic driving
forces with environmental pressures. Therefore, the description and presentation of material
flows within an accounting system should primarily follow the SNA production boundaries
and conventions.

In the case of material products for physical flows there is always a corresponding monetary
flow in the traditional SNA, but the application of SNA rules to the ,expanded material

list* creates additional methodological questions to be answered. In this context, the defini-
tion and distinguishihg of the various material flows (products, rawAmaterials, residuals) is
underlying the further considerations:

Products are output of a production process and are an economic good.

Residuals are output of a production process but are not an economic good (unwished by-
product of economic activities).

Raw materials are input of a production process, they can be economic good or not.

The assignment of a produced material flow (product or residual) can exclusively be done in
dependency of the price situation. In any case, these flows aim to different economic activiti-
es as well as to nature. Actually, only a part of the residuals is crossing the boundary to
nature and a part remains within the economic system. The assignment to residuals does not
automatically mean a transition into nature and therefore should not be generally accounted
in this way. This consideration takes into account, that the further transformation of residuals
within the economic system does not affect the border to nature in the physical reality. They
are inputs directly for production processes (recycling, treatment, landfills) that produce
services. Although those physical flows do not affect the border to nature, they are never-
theless useful for the creation of related pressure indicators.

For practical purposes, the price criterium to decide between products or residuals may
cause some disadvantages that should be taken into consideration: '

The strictly use of the price criterium as the only base for the delimination of material flows
leads to changing assignments within the material list. Depending on the price situation, an
identical material flow can be a product as well as a residual. But changing assignments for
the list of materials make the handling of the system unnecessarily difficult and disturb hardly
the possibilities for its analysing and interpretation.

CAWINDOWS\TEMP\Waste 1 Text Abfall.doc 1



The price recording data base for residuals may be insufficient. This means, existing prices
may be (statistically) missing or cannot be separated from other sources.

For this reasons, a practicable and stable realization of the price criterium in order to improve
the handling and interpretation of the system may be necessary.

The delimination between product and residual in the former SEEA does indirectly use the
price criterium and refers to the definition “unwished by-products of economic activities™.
This convention assumes, that “unwished by-products” may have no price. It starts up with
the production process, that produces main-products and automatically unwished by-
products (residuals). As a consequence, the identification of residuals refers to the results of
the overall relevant political discussion in this field (e. g. waste catalogues).

Thus, the assignment of a material to the category residuals also means the delimination
between different kinds of residuals in dependency of their input into the respective economic
activities or nature:

Residuals, that directly pass the border to nature (Input in not produced assets)

Residuals for recycling (Input into the economic activity recycling)

Residuals for treatment (Input in extemal environmental protection services)

Residuals (waste) for landfill (Input in produced assets/controlled landfills)

The flows of these materials and their interrelations with economic activities and nature can
best been shown within the methodological framework of a PIOT.

Assuming the above mentioned considerationé, the following guidelines are proposed for the
practical realization of the methodology regarding residuals:

No cross border accounting to nature for residuals that remain within the economic sphere.
Creating a stable realization of the price criterium (no change between product and residual
within the material list).

Distinguishing between residuals according to their destination (nature or economic activi-
ties).

The following tables show the resuits based on this guidelines and with focus on residuals as
an aggregated example of the German PIOT 1990 for production branches and private

households as well as for changes in tangible assets and the rest of the world.

! Residuals are normally the unwanted by-products of economic activities. In some cases, they can be sold ... . In
other cases, they are used without a price for recycling or they are transformed by environmental protection
activities incurring additional costs. ... In many cases, the borderline between the main output and the residuals
of production processes cannot be sharply drawn. ... The question of existing markets is, of course, important but
should not be considered as decisive in the definition of residuals.

CA\WINDOWS\TEMP\Waste 1 Text Abfall.doc 2
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Abstract

In the context of German Environmental Economic Accounting (GEEA), it has become possible for the
first time to estimate the amount of waste despite the lack of basic statistics. To fill the data gaps in time
series, the available statistical basic data of waste (from 1993) were processed and used in the context of
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1 Material Flow Accounting (MFA) as a methodological part of German Environmental
Economic Accounting (GEEA)

Before we are talking about the specific topic in integrating waste statistics into Material Flow Accounting
(MFA), it seems to be useful to have a good look briefly at the general framework of German
Environmental Economic Accounting (GEEA) which was developed by the German Federal Statistical
Office in Wiesbaden. The division which is responsible for the GEEA has been working since 1985 in the
department of economic and environmental statistics. One of the aspects of developing the GEEA is to
anticipate the challange of the society towards sustainable development. Besides Environmental Economic
Accounting (EEA), sustainability indicators have played an important role in this context, especially since
the "Earth Summit" in Rio de Janeiro in 1992. In this context, RADERMACHER (1997) described the
specific role of statistics and accounting as follows:

"...Statistics and accounting provide quantitative (ex post) models of the actual situation, their
task is neither to simulate future / hypothetical situations. ..., there are two working areas in the
close neighbourhood of accounting which must be well co-ordinated with accounting activities
and frameworks: basic statistics and indicators. ... Basic statistics, indicators and accounting
provide information for different utilisations. Their quality profiles (accuracy, actuality and
level of detail) have to be different, accordingly. Separated user groups and user needs require a
menu of statistical data which observe one specific iterm from selected angles. Nevertheless,
accounting can and should be used as a tool to improve consistency and performance of the
production and analysis of statistical figures in general. ..." (p. 4).

1.1  Objectives and Structure of GEEA

One of the objectives of German Environmental Economic Accounting (GEEA) is to integrate nature as one
of the factors of production in the economy. The idea is to calculate depreciation for nature as it is done for
produced assets. The factor of nature has therefore to be added to the conventional factors of production by
means of capital and human resources; it supplies energy and raw materials, provides the location for
businesses, and serves as a medium receiving polutants, waste etc.. Environmental Economic Accounting is
to show in statistical terms what kinds of natural resources are used, consumed, depleted, or destroyed by
the economic activities (production/consumption) of a period, what expenditure is done or necessary for
countermeasures. All this is based on the process of creating value added as reflected in economic statistics.
Generally, only trends, mean values, distributions and similar macro-economic indicators are of interest.
Individual cases such as materials, spaces, enterprises or incidents are aggregated. Statistical data have to
be provided for the following main categories: sources of pressures on the environment, state of the
environment and environmental protection measures (FSO 1997, p. 1).

Following the approaches of pressure-state-response, the GEEA method was developed; it consists of five
different modules (Figure 1: GEEA): 1. Material and energy flow analyses, 2. Use of land and space, land
cover, 3. State of the environment, 4. Environmental protection activities, capital formation and
expenditures and 5. Imputed abatement costs for attaining standards (see RADERMACHER, STAHMER
1994 and 1995).
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As indicated by the different symbols, the various subject areas are characterized by their own specific
methods: In subject areas 1, 4 and 5, methods of economic statistics and accounting are used to balance the
material flows caused by the economic sectors and the environmental protection activities taken. Subject
area 2 deals with the immaterial pressures arising from a modified distribution of land uses and physical
interventions. Remote sensing and geo information systems are used here as methodological instruments. In
subject area 3, the objective basically is to condense measuring and monitoring data, which are available in
an isolated form so as to provide suitable indicators. On the basis of the results of subject area 2, an area
sample is developed which aims at the production of indicators on the quality of natural assets. The sample
should reflect the change of diversity of landscapes, fauna and flora in an efficient and cost saving way
(FSO 1997, p. 3).

In Germany, the collection and evaluation of environment related data has already a long tradition. Basic
environment statistics (waste, water and environmental expenditures) have been carried out since the early
seventies (BALTES, NOWAK 1974). Geographical information systems and remote sensing have been
applied for land cover/use statistics for about ten years (RADERMACHER 1993). The concepts of
satellite systems in the field of environment accounting have been developed by accountants of the Federal
Statistical Office in the eighties (STAHMER 1987; SCHAFER, STAHMER 1989).

1.2 Waste within MFA

As a methodological part of GEEA, the concept of the Material Flow Accounting (MFA) uses the natural
sciences as a background to enlarge the material flow concept of the economy into the "industrial
metabolism" (see e.g. BACCINI, BRUNNER 1991; AYRES, SIMONIS 1994; STRASSERT 1991 and
1996). The priority of the MFA is to show the relationship between economic activities and environment
pressures by means of the output side of environmental burdens, €.g. air emissions, waste and waste water.
The main characteristics of the MFA concept can be summarized as follows (RADERMACHER,
STAHMER 1996 and 1998; HOH 1997; TIAHJADI, SCHAFER, RADERMACHER, HOH 1998):
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¢ Nature is taken into account by putting an additional asset/stock account both on the input and the
output side of the system of national accounts;

¢ The border between the economy and nature is defined explicitly: raw materials are extracted from the
nature and residues are discharged into the nature;

¢ The vector of goods and services in the system of national accounts is supplemented by raw materials
and residues;

Fig. 2: Material flow through the domestic economy
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e The material and energy flows within the system borders (e.g. domestic economy, activities of
production and consumption, technical processes) are calculated by taking the law of conservation of
material and energy into account.

Depending on the system borderlines, economic activities can also be interpreted as a technical network
aiming at the production of goods and services. Within the system borderlines, raw materials (material and
energy) will be transformed into products or groups of products and environmental burdens, e.g. air
emissions, waste and waste water. Waste is therefore a type of residues produced by the economic
activities, and - as a first approximation - a distinction can be made between overall waste, waste to be
disposed of (into the nature) and waste to be utilized /recycled (in the economy). In relation to GEEA, the
first step to do is to cover the material flows caused by activities of the domestic economy.

Material flows through an economy is a complex matter, as it implies multiple hierarchical scales which
can be taken as reference points for an observation (scales of economic units, scales of regions, scales of
substances, etc.). Even if we decided to account only for flows through the total economy and the entire
national territory we would still have to determine which materials or substances had to be integrated. This
depends on the selection criteria which are a function of a widespread understanding of environmental
relevance. In Germany it has been decided to follow a top-down approach, starting from the totals of
material and energy flows and then trying to distinguish those flows as far as possible with respect to their
economic, environmental and regional relevance (fig. 3).



WORKING PAPER No.22
page 6

Fig. 3: Scales of Material and Substance Flows
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The data processing for material and energy flow accounting as well as their primary results will be
organized in the Material and Energy Flow Information System (MEFIS) and can then be evaluated for
different purposes (sse RADERMACHER, STAHMER 1996 and 1998, HEINZE 1998), e.g. investigation
of the indirect emissions using the input-output analysis (e.g. THOMAS 1996, STBA 1997 and 1998),
making out the physical input-output table through equal weighting of the data (STAHMER, KUHN,
BRAUN 1998), calculation of NAMEA-type indicators e.g. greenhouse effect and acidification through
weighting with equivalent coefficients (STBA 1997 and 1998; TJAHJADI, SCHAFER,
RADERMACHER, HOH 1998). Figure 4 shows the MEFIS flow chart which describes both the
processing of data into MEFIS and the evaluations of processed data for different users. Our topic
concentrates on the first point and focuses on the processing of waste data.
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Fig. 4: MEFIS flow chart
(German Federal Statistical Office 1998)
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One of the requirements of the MEFIS information system is to provide the data in time series for the
different users. On the environmental burdens of the output side, the primary data of air emissions in
Germany are already standardised and are available in time series from 1978 until 1994 for eight types of
air emissions (CO2, CO, SO2, NOx, CH4, N20, NMVOC and particulate matter) (see STBA 1998a). In
comparison with air emissions, the time series for waste data are still in the development stage, as the
primary data sources, especially the waste statistics, were compiled every three years.

2 Methodology : Functional Structure of MFA

Due to the different conceptions of Material Flow Accounting (MFA) and basic waste statistics, the
presented data consequently have different results, too. The information system of the material flows
integrates data - as far as possible - in the form of time series, which are provided for the production
branches (homogenous production units) according to the concepts of Input-Output-Tables in National
Accounts. In comparison with MFA, the waste statistics are a part of environmental statistics which aims
at the collection of environmental data according to the German law on environmental statistics in the
context of environmental policy (see e.g. SPIES 1984, USTATG 1980 and 1994). Waste statistics provides
periodical data (every three years) and the data were collected within the units of establishments. The last
waste statistics from 1993 were published in 1996 (STBA 1996) and 1997 (STBA 1997b).

This chapter describes firstly the methodology, how to integrate waste statistics data into Material Flow
Accounting (MFA), and secondly how to estimate the waste amount to fill the data gaps in time series for
the MFA. With the example of 1994, the estimated results of overall waste amount and waste to be
disposed of will then be presented in the chapter 3.

21 Integrating Basic Statistical Data into MFA
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Two points will be presented here: First, the purposes of delimitation of production branches and the
principle on transferring the data from the units of establishments into production branches, and second, the
steps needed for integrating basic waste statistical data into MFA.

2.1.1 Delimitation of Production Branches of MFA

The economic activities in the material and energy flow accounts are classified according to the functional
delimitation of production branches as applied in the German System of Input-Output-Tables. A
production branch is defined as the totality of all homogeneous production units producing a commodity
within a commodity group (STBA 1995, p. 22). From the aspect of Environmental Economic
Accounting, the classification of the economic activities by production branches thus provides the
connection between data on residues or environmental burdens and economic data (e.g. value added,
employed persons). At the same time, this functional classification is the prerequisite for investigating the
economic linkages by means of the input-output analysis, e.g. investigation of the cumulative environmental
burdens caused by consumption. Due to the concept of the German Input-Output-Tables there are 58
production branches which can be divided into branches of good producing industries (40), branches of
agriculture and forestry (2) and branches of services (16).

To transfer basic waste statistics from the units of establishments into the production branches, we have to
distinguish three types of activities within the establishments: principal, secondary and ancillary activities
(see Figure 5). According to the System of National Accounts (see UNITED NATION 1993, pp. 113) the
main criterion for distinguishing the principal and secondary activities is value added:

"The principal activity of a producer unit is the activity whose value added exceeds that of any
other activities carried out within the same unit.... The value added of secondary activity must be
less than that of the principal activity” (p. 114). :

The output of the activity is the criterion to distinguish the ancillary activities from the principal and
secondary activities:

"The output of the principal activity...must consist of goods or services that are capable of being
delivered to other units even though they may be used for own consumption or own capital
formation. ... A secondary activity ... whose output, like that of the principal activity, must be
suitable for delivery outside the producer unit. ... The output of an ancillary activity is not intended
for use outside the enterprise. An ancillary activity is a supporting activity undertaken within an
enterprise in order to create the conditions within which the principal or secondary activities can be
carried out" (p. 114), e.g. administration, purchase, sales etc..
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A production branch is characterized by the homogeneous production units which correspond to the
principal activity including its ancillary activities. Therefore, the production branches are formed by
selecting the principal activity and separating it from the secondary activities including their ancillary
activities; the secondary activities are transferred to the corresponding branches. Consequently, the waste
materials produced by these activities have to be selected and transferred using the same procedure.

The problem which has yet to be solved is how to distinguish the waste of principal activity from the waste
of secondary and ancillary activities, as waste statistics do not give any explicit information about these
various activities. Besides, there is no production matrix which allows the transition from the units of
establishments to the production branches. Therefore, it is inevitable to proceed as follow:

1. Following the availability of waste statistical basic data and the material flows within an establishment,
two types of secondary activities have to be taken into account separately for each principal activity: the
production of electricity and the activities of building and construction;

2. Developing of a transition matrix for other secondary activities seems to be less meaningful due to the
higher degree of homogenity of units of establishments (comparing with units of enterprises used as a
starting point in German National Accounts);

3. According to the conventions of the German Input Output Table, the activities of waste water treatment,
thermical waste treatment and production of process water within the establishment are assigned to
ancillary activites.

2.1.2 Steps from Basic Waste Data to MFA

What is particularly advantageous for MFA purposes, are the basic statistical waste data for the good
producing industry, as these include the information on the origin of waste. Therefore, the transfer of data
to MFA focuses here first on the production branches of good producing industries. For the remaining
branches of services and of agriculture and forestry, the data transfer has to be pursued by an estimation
method; this will be described in the next chapter.
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Following the ideas of delimitation of production branches mentioned in the last chapter, the transfer of
basic waste data from units of establishments into production branches is carried out in following steps:

e Using the basic waste statistics, the significant types of waste (according to German waste
catalogue/LAGA) produced by the relevant secondary activities (the production of electricity and the
activities of construction) including their ancillary activities (e.g. gas purification within production of
electricity) have firstly to be separated from all types of waste produced for each establishment;

e These selected waste data have then to be transferred to the corresponding production branches
(homogeneous production units) electricity and/or construction;

¢ The remaining types of waste produced by the principal activity and its ancillary activities are assigned
to the homogeneous production units (production branches). Depending on the classification degree of
the available basic statistics, some good producing industries have to be aggregated into the
corresponding production branch, e.g. sugar production into the manufacturing of food products.

Fig: 6: Flow chart of waste data transfer

o The contribution of small firms is added to the summarized data according to the production branches;
this is done by the help of the relation of production values between small firms and establishments with
more than 20 employees. For this purpose, some assumptions are made for small firms, e.g. they have
no internal electricity production and waste water treatment.
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2.2 Filling Data Gaps in Times Series for MFA
2.2.1 Problems and Needs

The information system of material and energy flows (MEFIS) strives to provide data in the form of time
series. The first reason is to enable long term comparisons and the second to achieve a complete description
of all kinds of material flows in a given year. For this purpose, it is favorable to update the data yearly.
Waste statistics as a data base are collected in general every three years. The last waste statistics from
1993 were published in 1996 and 1997 (STBA 1996 and 1997b). Besides, the amendment of the law on
environment statistics (USTATG 1994) in Germany entered into force on 1 January 1997. According to
this, there will be no collection of waste data showing the origin of waste any longer. In the context of
MFA, such data are important for transferring the basic data to the production branches. Due to these
backgrounds, an estimation method to calculate the amount of waste by branches was developed by the
Federal Statistical Office of Germany to fill the data gaps in time series for MFA.

2.2.2 Estimation Method for Branches of Good Producing Industries

40 out of 58 production branches are assigned to the good producing industry. Estimating the amount of
waste is carried out for each of these branches. To estimate the waste of good producing industry in 1994,
the primary data based on the waste statistics of good producing industry (1993) have to be transferred
first from the establishment concept into the production branches following the procedure as mentioned in
the previous chapter.
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The amount of waste 1994 is calculated by estimating the significant amount of some specific types of
waste and the residual amount of the remaining types of waste. Most of the specific types of waste are
typical for the corresponding branches as they have a strong relation with the material flows (inputs or
outputs) of the principal unit of production, e.g. whey with the production of cheese, sludge or dust of top
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gas with the production of raw iron. In contrary to that, the remaining types of waste has usually no
specific relation with the principal unit of production.

2.2.2.1 Significant Amount for Some Specific Types of Waste

Estimating the significant amount of waste (about 82%) was carried out by using the coefficients for some
specific types of waste which show the relation between the amount of waste and a (physical or monetary)
unit of measurement’. These specific types of waste (about 57) were selected from the 435 types of waste
shown according to the German waste cataloque (LAGA). They are assigned to the various production
branches. A coefficient of waste is therefore specific of both the type of waste and the branch of
production. Using these coefficients, the amount of waste in a certain year can be estimated to fill the data
gaps in time series caused by the lack of waste statistics. The amount of waste is obtained by multiplying
the coefficient of waste by the yearly change in the corresponding (physical or monetary) unit of
measurement, e.g. the amount of production based on the production statistics or the production value
based on the economic statistics.

2.2.2.2 Residual Amount for Remaining Types of Waste

Within a production branch, part of the waste amount can be estimated by using these coefficients. The rest
of waste has normally to be calculated by using the most important coefficient which has already
contributed a significant amount of waste within a production branch. For production branches which have
no coefficient at all, the estimation is carried out according to the specific conditions of that production
branch. In some cases, it is necessary to determine additionally a significant unit of measurement, e.g. the
overall amount of water production for the branch of water supply.

From the overall amount of waste, about 90 % can be estimated by using the physical unit of measurement.
With regard to waste the physical unit is more relevant than the monetary unit of measurement, as waste is
part of the material flow within a production process.

The contribution of small firms is then added to the estimated amount of waste from the good producing
industries with more than 20 employees using the corresponding relation of production values.

2.2.3 Estimation Method for the Branches of Agriculture & Forestry and Services

Due to the lack of a statistical data base connected to the origin of waste, an estimation method was
developed by the German Federal Statistical Office (see STAHMER, KUHN, BRAUN 1998) to determine
the waste amount of these branches. For the branches of services, the main problem is how to allocate the

ggregated waste amount estimated from the waste statistics to the branches. The developed method uses
various statistics and data sources (see Figure 8).

Estimating the waste for several branches follows by using the waste statistics and the data of commodity
inputs which give any relevant information on the waste produced. For this purpose, the waste-relevant
commodity inputs of all the branches of services are firstly selected. The allocation factors to the different
branches of services have then to be determined on the basis of the relation between the waste-relevant
commodity inputs for any individual branch and for the total of service branches. Using these allocation
factors, the aggregated amount of waste determined from the waste statistics can be allocated to the
corresponding branches of services. Then, the hospital waste on the basis of waste statistics can be

2 The determination of waste coefficients was carried out by the Fraunhofer insitute (ISI) in Karlsruhe on behalf of
the German Federal Statistical Office in Wiesbaden (ISI 1998).
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allocated into the corresponding branches of services which are related to the hospital e.g. health and
veterinary market services, central and local government etc.. Besides, the waste amount of environmental
services (here: waste water treatment plant and waste incinerator) can be calculated on the basis of waste
statistics. To determine the waste of some recycling activities, e.g. the recycling of wrecked cars and
wagons, various data sources have to be used.

‘Fig8: Estimating Waste by Branches of Services
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For the branches of agriculture and forestry, estimating waste is carried out by using waste statistics of
good producing industry and the data of waste-relevant commodity inputs. Firstly, the waste-relevant
commodity inputs of the branches agriculture and forestry are selected. These selected commodity inputs
are then used to determine the overall amount of the corresponding commodity inputs from all of the
industry branches. Using the waste statistics of industry, the selected commodity inputs are connected to
the relevant types of waste to determine the waste amount. The relations between waste amount and the
corresponding commodity input within the industry result in allocation factors which are used for
estimating the waste of agriculture and forestry.

Using this general method, the waste of services was then estimated for 1993 (TJAHJADI, SCHAFER,
RADERMACHER, HOH 1998a). In 1994, the waste of services and of agriculture & forestry was
determined by using the factors which show the relation of the production values at constant prices between
two corresponding years.

3 Results
31 References for Interpretation (see STBA 1998)

Before we present the results, it is useful to summarize the important points which have been taken into
account as the framework for interpreting the data:

¢ The concept of production branch of material flow accounting and environmental economic accounting
has to be distinguished from the concept of establishment in the waste statistics for the good producing
industry. The results for the waste amount from the two approaches are therefore not directly
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comparable (see chapter 2), e.g. for electricity production, the waste produced by the production branch
differs from the waste produced by the establishment or enterprise, as electricity can be produced in all
enterprises or establishments as well.

¢ The requirements of data quality for the two approaches are different, too: while the collected data in the
waste statistics demand high standards (in detail), the estimated data in the context of material flow
accounting have a summarizing character.

Besides, the results of material flow accounting do not intend to establish a hierarchy of responsibilities of
environmental burdens between the production branches, because

a) the purpose of material flow accounting is to show the interrelation between production and consumption
in the economy and not only to represent a part of economic activities, €.g. production. In this context, there
is no sense in looking for the responsibility of environmental burdens only from one side,

b) the profile of production branches (see Figure 9), which can be used as a tool for decision makers to
create environmental policies, shows the structure of the environmental economic relations through
connecting the data on environmental burdens - e.g. air emissions, waste etc. - to the economic data, e.g.
value added, employed persons.

Corresponding to the concept of value added, the overall amount of waste which is generated directly from
the individual production branches will be taken into account. From environmental aspects, the overall
waste amount plays an important role, as the scale of the actual pressure of waste disposed of into the
nature depends on the success of the activities intended to avoid and utilize waste, e.g. through recycling. In
relation to the profile of production branches, the waste data will be shown by combining them with
economic indicators, i.e. gross value added. In addition to that, waste to be disposed of will be represented
as well, as a potential pressure on nature.

3.2 Waste Amount and Economic Performance by Production Branches, 1994

In the context of German Environmental Economic Accounting, it has become possible for the first time to
estimate the amount of waste despite the lack of basic statistics which were collected periodically (every
three years). The available statistical basic data (from 1993) were processed and used in the context of
material flow accounting, and then estimated for 1994 e.g. with the help of waste coefficients (see chapter
2).

In 1994, nearly 350 million tons of overall waste were generated in all of the production branches; most of
them (about 89%) were contributed by the industry, which produced almost 35% of gross value added. Ten
of 58 production branches generated nearly 86% of the waste amount and contributed almost 30% of the
gross value added. Each of these ten production branches produced more than five million tons. The
following figure shows the percentage of overall waste and gross value added of the first six important
branches: building and construction, coal mining, production of electricity, production of iron and steel,
services of central and local government, and production of food (see STBA 1998).
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Nearly 50% of waste were produced in the production branch of building and construction, while almost
one fifth of the overall waste was generated in coal mining. Most of that waste was bulk waste in the sense
of excavated material, demolition waste, and mining waste. However, the contribution of both branches to
economic performance is much smaller; for construction and building, it is about 4%, while for coal mining
it is less than 1%. Besides, almost 7% of the overall amount of waste is generated in the field of electricity
production, which accounts for a share of less than 2% of economic performance. These three production
branches, which are most important for the overall amount of waste, account for more than two thirds of
the total amount of waste. In the context of production, waste produced can be interpreted as undesired
material in production, too.

These examples illustrate two other important aspects: First, large amounts of undesired material are
inevitably generated as part of the production of indispensable intermediate commodities (such as coal and
electricity) for subsequent production branches. Second, large amounts of waste (e.g. demolition waste)
. result from the dismantling of accumulated materials, in the economy also from removing existing
infrastructure (e.g. demolition of buildings).

The production of iron and steel accounts for nearly 4% of the total amount of waste, while that branch
contributes by far less than 1% to economic performance. The services of central and local government,
including for instance environmental protection services (public waste disposal), produce over 3% of all
undesired material. As the public sector generally has a service character, its contribution to value added is
much greater. The production of food accounts for just under 3% of the overall amount of waste; this
branch contributes 1.6% of the economic performance.

33 Waste to Be Disposed of, 1994

The overall amount of waste which is generated as a direct result of production is subsequently either
utilized or disposed of. Waste to be utilized are residual substances, which are transferred to third parties
for utilization outside the establishment. It covers both waste intended for recycling enterprises and waste
intended for trade in waste materials. Residual substances which are recycled within the establishment are
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not covered by the survey (see STBA 1997b, p. 8). Waste to be utilized remain therefore in the economy.
In contrary, waste to be disposed of gives any informations about potential pressure on nature/environment
due to its discharge into nature (e.g.landfills). From environmental-economic aspects, it is therefore
meaningful to consider the waste to be disposed of, too. In the waste statistics, the amount of waste to be
disposed of includes both waste which is transported to external disposal plants (including waste collected
as part of public collection of household refuse) and also waste which is disposed of in internal plants of
establishment (landfills and incineration plants, i.e. waste incineration plants and furnace where waste is
regularly bumnt, too). External disposal facilities are public disposal plants for domestic waste (landfills and
incineration plants), landfills for demolition waste and excavated material as well as other facilities (e.g.
composting facilities) (see STBA1997b, p. 8-9).

Figure 9 shows the percentage contribution of waste for disposal of some individual production branches to
total production branches, too. Excluding the bulk waste, over 70 million tons are produced as waste for
disposal by all production branches. Comparing to the overall amount of waste, the production branches
mentioned before have different shares in that waste: construction nearly 3%, coal mining less than 1%,
electricity production nearly 20%, iron and steel production almost 5%, services of central and local
government more than 10%, and food production less than 3%.

4 Outlook
In the context of GEEA, some topics in the field of waste are important for future work:

First: Filling data gaps for waste referring to the period after 1994
For this purpose, the changing aspects of the framework of the estimation method have to be taken into
account, for example:

e the introduction of new nomenclatures for the types of waste, for products and for economic branches
from the european framework;

e the changes in waste-related laws, such as the new law on waste management and waste of October
1994 (that entered into force on 7 October 1996), including its subordinate provisions; also, new
ordinances in the field of waste recycling and the ordinances applicable to landfilling, and the
amendment of the environmental statistics law of September 1994, which entered into force on 1
January 1997;

¢ the changes in terminology and in the delimitation between waste and non-waste;

e the technical progress made in fields with a considerable amount of waste produced, such as
reutilization of construction waste, car wrecks, electronic waste, etc., and the capacities of the
establishments concerned.

Second: Harmonizing the data according to requirements of the MEFIS information system

This regards first of all the checking of whether available data meet the requirements of the Material and
Energy Flow Information System (MEFIS) and what data have to be harmonized and calculated in the
future.

Third: Cumulated amount of waste
The general method of calculating indirect emission will have to be adopted to permit calculation waste

amount which indirectly produced through intermediate consumption.

Fourth: Environmental relevance of waste
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This regards the development of a weighting system to describe the specific environmental risk of the
amount of waste concerned. Such a weighting system exists, for example, in the sphere of air emissions; it
allows to aggregate the emissions by their specific effect regarding an environmental problem examined
(e.g. greenhouse effect). A pre condition towards developing such a weighting system for waste is the
proposal made by the Federal Statistical Office to break down the overall amount of waste by four waste
categories; forming those categories takes account of the quantitative and qualitative (ecotoxic) criteria.

Fifth: Filling data gaps for the time before 1993

The question here is, how far the available data make it necessary to adjust or modify the developed
estimation method, in order to permit a calculation of the data for former years in the context of material
and energy flow accounting.
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.| 40.305

Mill. Std.

59

58

57

1995prices)

DM bn

447

492

521

57

final consumption:

Gross
domestic
product

DM bn
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3.346

3.384

3.523

3.73
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(at 1995
nprices)

Gross domestic product in relation to production factors
(Germany 1991 respectively 1993 = 100)

Primary

energy 100 103,2| 1086,7] 113,
consumption —

Raw material withdrawal and
Imports ?/td> - 100] 104,5] 103,5 115,

extraction 100 107,81 110,5

from nature -

Greenhouse

gases _ 100 108,21 115,0 125,2 ?/td
cidification

gases _ 100 129,7] 173,6 248,8 ?/td
waste — 100 98,7 102,1

ater

disposal into 100} 107,8] 110,5

nature -

Built—up land and land used for

traffic 100.0

purposes -

Hours worked - 100] 103,0] 109,4 116,
Consumption -

of fixed

capital 100 91,99 90,3 86,
(at

1995prices) -

?Partly estmate.

?nbsp;Extraction used of abiotic raw material and imported
abiotic goods.

?nbsp;1998
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i Environment
Home Revenues from taxes and fees related to the environment
Figures & Facts
Scientific forum Tax/Fee 1992 1994 1996 1999
ﬂ%ﬁ“ﬂz_i_& million DM
Statmhog Mineral oil tax 55.166] 63.847| 68.251|71.278
Links Motor vehicle tax 13.317] 14.169| 13.743| 13.767
Fees related to waste water
On the Subject: discharges 11.784f 13.731| 12.599
Fees related to waste
T disposal and
treatment 10.462| 11.357] 11.388 .
Total 90.729( 103.103| 105.981 |

Subject areas ||

Copyright
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%] Environment

Home Material and energy flows
Figures & Facts || mn t
Scientific forum
Products & Materials 1991 | 1993 | 1995 | 1998
Senvice Solids and Gases
Stat'sl_ti'r‘:i:“"p Withdrawal 5.121] 4.779] 4.503] 4.150

aRaw material withdrawal
(inland)

aaUnused raw material,

3.968| 3.681| 3.376 2.996"
On the Subject:

2.686| 2.422[ 2.089 1.791“

Tables extraction
Graph zaRaw material, extraction 1082 1.260 1.287] 1 205
Text used
Info aaaBiotic raw material 188 205 198 216
aaaAbiotic raw material 1.094{ 1.054] 1.090| 989
zazaaFuel 364 296 265 226
Subject areas aaaaOre 0 0 0 1
I Cobvriaht aaaaMinerals, stones and clays 730 758 825 763
aalmport 433] 423 464 505
lzazBiotic goods 68 64 69| 73
llzaaAbiotic goods 365 359 395 434'
aaaaFuel 203 208] 214 248|
aaaaOre and other products 74 63 78
aaaaMinerals, stones and clays
and 51 56 64

aazatheir products
aaaaProducts of chemical

23 21 24

industry

aaaaMetal products and 8 6 8
machinery

aazaOther 6 5 7
aaOxygen input processes 719 675 663
Discharge 4.390| 4.044| 3.728
aaMaterial application 295 283 283
aazFertilizer 294 282 282
"; S;sr;ucc;ges (active 0 0 0
ﬂa Sewage sludge 1 1 1
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aaUnused raw material,

extraction 2.527| 2.258| 1.934

llzaExport 211  202] 225

llaaaaBiotic goods 52 51 60

llaazaAbiotic goods 159 151 165

[zazazFuel 21 22 25

laazaaOre and other products 37 36 38

zaaaaMinerals, stones and

clays and 50 41 45

aaaaatheir products

aaaaaProducts of chemical

"industry 30 32 34

aaaaaMetal products and

machinery ¥ 12 10 12

aaaaaOther 9 9 11 13

aaWaste, total 354 363 365

llaaAir emissions 1.002] 938 921 901

Balance Solids and Gases 731 735 778 .|
Water

llaawater extraction from nature [51.344| 48.150| 48.909 "

aaWater disposal into nature 51.148| 47.966{ 48.724

i{eﬁ:?orted minus imported 8 8 8

Balance Water 189 176 177

Material retained

fFila*/1/0 AAAAMINIDONDOW/ QA TENMDWI  1ArtAalD hirm
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Environment

Energy consumption

Figures & Facts

[ 1991 | 1994 | 1996 | 1998

Scientific forum

Petajoule

Products &
Service

Agriculture, forestry and
fishing

207.1

147.0

159.0

152.6

Statistics shop

Production industries

8387.3

8007.9

8104.3

7756.9

Links

Coal—mining, Peat

On the Subject: cutting

650.7

500.1

398.0

283.6

Manufacturing of
food products

Tables

264.4

265.4]
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