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The Contribution of Material Flow Analyses to Environmental Policy

National matenal flow analyses and materials balances are 1nd1spensab1e sources of
information with respect fo the operationalization of sustamable develepment Both of

,rmany and Japan, and

é1:11ese instruments are already employed in official statistics
other countries — especially member states of the Et 1 pean Union - are hkely to follow5
suit. Because of the pleparatmy stages of work that have 'aheady been carried out Austrla

is in an excelient position to assume a. eadmg role in 1nternat1onal concerted- action.

Whereas the growth critique of the 1970s perceived continuous economic growth as
the decisive cause of progressive environmental destruction, the contemporary dis-
cussion concerning ecologically sustainable forms of social development focuses upon
the possibilities of delinking growth with respect to the use of materials from economic
(monetary) growth. This is based upon the realization that increases in income as such
are unlikely to be detrimental to the environment, whereas permanent increases in
resource flows between society and nature certainly do have negative effects. The issue,
then, is not just to use resources more efficiently, but to reduce current levels of resource

consumption in absolute terms.

Interpreted in this way, abandoning the materials-intensive model of welfare implies
fundamental social changes which will not only affect the technologies currently
employed in production as well as processing or the prevailing structures of demand.
Rather, this transformation will particularly affect established organizational patterns
with respect to work processes, patterns of human settlement, established habits of food
consumption, traffic and leisure. With reference to the industrialized countries, one of
the central demands articulated in the discussion of sustainable development is that
the depletion and use of non-renewable resources needs to be reduced absolutely, and
the use of renewable resources must not exceed their capacity of regeneration.

To operationalize ecologically sustainable development, therefore, it is mandatory to
“develop adequate monitoring systems providing comprehensive and regular information
with respect to current social use and depletion of resources. For some areas of concern,
it is possible to use already established information systems and adapt them in ways that
respond to the new demands. This is primarily true for national energy balances, despite
the fact that their origins go back to policy considerations related to supply.

There is much less information available, however, when 1t comes to the dimension and
structurural composition of the material turnover of societies as well as the development
of the process over time. Systematic observations of socially induced material flows are



lacking, and existing accounts of the turnover of materials are neither structured as yet
according to uniform criteria, nor do they monitor changes over time. National materials
balances must be comparable internationally and need to be structured in a way that
permits global aggregation. Some countries have already started attempts at establishing
national material flow analyses, with Germany, Japan and Austria currently
holding the lead. Endeavours currently under way to improve existing accounting pro-
cedures seek to improve precision (especially with respect to establishing the conceptual
boundaries of materials balances, the classification of material flows and the adaptation
of primary statistics) and to achieve a greater degree of international harmonization. So
far, it is only Germany and Japan that have already implemented these endeavours in the
official statistics. It is very likely, however, that institutionalized material flow analyses
will also be carried out for other industrial countries over the next couple of years, as
well as for some developing countries currently in transition to industrialization.

National materials balances promote ecologically oriented policy-making with respect to
resources: Politics, the media and the scientific establishment no longer focus exclusively
upon wastes and emissions as the final outcomes of a problematic chain of effects, but
upon the total physical transformation process — and here, especially, on the initial
stages of this process, in which decisions are made which determine the scale and
structure of resource use and depletion. The rationale for this new concern is that ,,ma-
terials and substances entering into the industrial process of transformation do not
disappear somehow, but have ecological effects, and these effects are becoming more

obvious every year (Janicke 1995b).

National materials balances show that it is not only absolute risks that are ecologically
relevant, but also the sheer quantities of resources consumed. Strains on the environ-
ment, therefore, regularly have two dimensions — the toxicity‘and dangerousness of the
substances involved, on one hand, and the quantity of throughput, on the other. In order
to prevent and avoid strains on the environment, both dimensions need to be observed if
potential problems are to be addressed adequately. That the perspective of the dominant
paradigm, exclusively concerned with poisoning, is reductionist becomes obvious when
one considers the massive material turnover associated with construction activities.

One may expect that the completeness and validity of emissions monitoring will gain
from the availability of periodically updated materials balances. To a large extent, the
existing gaps in documentation and the insecurities involved in monitoring annual
movements of wastes and emissions are the result of deficient knowledge with respect
to the order of magnitude of the materials entering various processes and their
whereabouts. Material flow analyses are crucial for an improved understanding of the
connection between raw materials use and the formation of residuals and wastes.



National material flow analyses and matenals balances constltute an essential element

of envnonmental economic accounting in Aus‘u 1a.

Beside substance flow analyses as well as energy-, emissions- and waste balances,
materials balances are an essential element of ,,Physical Accounting® within the
framework of aggregate ecological accounting. At the moment, the broadest conception
of a system fully integrated into the system of national accounts used in aggregate
economic analysis is developed in the SEFA-Handbook of the United Nations,
Integrated Environmental and Economic Accounting (United Nations 1993). The
Austrian Statistical Central Office (OSTAT) has taken up this concept and, for several
years now, has been working to develop a System of Ecological Accounts for Austria
on the basis of a resolution ratified by the Austrian parliament in 1987. This is closely
bound up with national resource accounting and the economic valuation of these
resources. Currently, the development of national material flow analyses is of
outstanding importance for the establishment of joint environmental statistics on behalf
of the member states of the European Union. There are plans to elaborate a classification
system for activities as well as goods (PRODCOM and NACE) which is expected to tie

in with the system of national accounts.

In Germany, material- and energy flow analyses have already been integrated into
environmental economic accounting. The methodological concepts required to establish
these accounts were developed jointly with the Wuppertal Institute for Climate,

Environment and Energy.

In order to mteg1ate natlonal matenal ﬂow ana1y51s and materlals balances 1nto

tat UCS, (2) relevant data must b

Eﬁaccep’[ed mgamzatlon must ex

extent TherefOIe itis fea51ble to oarry outa natlonal material f
:Whlch is to be updated annually and mtegrated with exxstlng ofﬁmal sta ,stlcal accounts

ow ana1y51s fer Austrla;

Certainly, it is conceptualization that has proceeded farthest. The conceptions that have
been developed as well as the empirical studies carried out so far have reached a point
where it is possible to begin with implementation. The results of the report in hand and,
especially, the empirical part of our study corroborate this. There is no doubt that
precision — especially with respect to the demand side of the process — needs to be
improved and that both results and methodological procedures call for efforts to




strengthen international harmonization. This, however, can be reasonably achieved
only within the framework of regular reporting procedures taken over from official
statistical publications. Without taking this step, all further endeavours to update
Austrian materials balances would retain their current status as research results. National
materials balances on the basis of research projects, however, are far from commanding
the degree of acceptance which is required for policy makers aspiring to use them as a
key instrument within the framework of environmental policy-making. The necessity of
continuous periodic updating of the accounts, likewise, can only be guaranteed if the
process is integrated with official statistical procedures.

The next steps which need to be taken with respect to the statistical implementation of a
national materials balance, therefore, will concern the actual data which are available as
well as the organizations functioning as the main actors. In short, it is necessary to
improve the generation of primary data and establish the preliminary institutional

framework.

Methodological Foundations for Material Flow Analyses

itted here, to develop a detailed

1t was possible, within the framework of the stud

'concep’uon of the accountmg framework requ rdmgly, standardlzed procedures;

»des1gned to elaborate th1s methodologlcal framework ; ‘eref e, Should be coordmated:

with releyant expert work that is ounenﬂy under way abroad At the moment, the most@
important institutions working in I 's'f, field are EUROSTAT, the Sz‘az‘zsrzscheseE
Bundesamt Wiesbaden, the Wuppertal Instltute for Chmate the Enwronment andé
.fEnergy, and the Envuonmental Agency in Japan‘ . o '

First, it is necessary to clearly distinguish analyses concerned with materials from
analyses of substances. Substances are chemical elements and their combinations,
whereas materials are all natural as well as produced mixtures of substances, products,
wastes, emissions and dissipative losses. Accordingly, the literature distinguishes
substance flow analysis (SFA) from material flow analysis (MFA).

Apart from distinguishing material- and substance flow analysis, it is possible to
differentiate between functionally oriented analytic approaches and those concerned
with spatial entities. Functional approaches are concerned with institutions, activities
and products. Research designs oriented towards spatial entities may differentiate
politically defined units from those characterized by specific natural conditions. Applied




research, however, is typically characterized by combinations of and intersections
among various approaches.

The material flow analyses carried out within the framework of this study are based
upon the territory of the Republic of Austria and differentiate, with respect to inputs,

between

e material extraction from domestic nature

e material imports from abroad (imports in the form of raw materials and products)
Output, in turn, is structured according to

e exports of materials abroad

e discharge of materials into nature (emissions, waste, discharge on purpose, dissipative

losses)

Discharge of material on purpose mainly refers to agriculture (dung, compost, sludges,
mineral fertilizers), whereas dissipative losses were estimated in this study as abrasives
of rubber on roads as well as losses of agricultural products due to drying, dehydration

and shrinkage.

For the establishment of materials balances, it is essential to register the increase in
material stocks (,,inventory account®) that are accumulated within the society in the long
run by way of infrastructure investment (especially for housing, traffic and communica-
tion) and in the form of durable products. In terms of balancing techniques, every ma-
terials input which remains in the system for more than one year is considered a stock.

Quantifying and and describing material flows invariably is bound up with the necessity
to classify and structure them according to specific criteria. We suggest to distinguish
three approaches which, respectively, differentiate material flows by the economic areas
in which they occur, according to functional considerations, or via specific groups of

raw materials.
With respect to functional criteria, the social system is structured according to
e primary extraction (extraction of materials from nature, e.g., by mining, harvests, etc.)

e processing (transformation of primary extracts into products as well as their
reutilization and disposal)

¢ final demand (utilization and consumption of products)

Since the accounting period for which material flows are balanced does not exceed one
year at a time, materials that are used for periods longer than one year are registered in a

separate inventory account.



Analysis in terms of economic areas differentiates between domestic raw materials
extraction and exchange of materials with foreign countries (imports and exports).

This implies registration of the total turnover of solid, liquid and gaseous materials which
are either extracted from nature on domestic territory or imported across the border, and
which are then transformed, used up, exported or immediately returned to nature within
the span of one year. The estimation of imports and exports in material flow analyses,
therefore, includes semi-finished as well as finished goods. Services and forms of
utilizing the environment which do not have any material effects upon it, however, are
not registered at all (,intrinsic value,” e.g., its aesthetic value or its value for recreation).

With respect to raw materials extraction, accounting procedures focus upon those
primary inputs extracted from nature which are processed and utilized subsequently

within a particular economic system.

Finally, material flows are differentiated further by air, water and other materials,
according to the material composition of raw materials (biotic, abiotic), and according to
the period or date in which currently available combinations originated (fossil vs.
recent). Based upon this basic scheme for the classification of material flows, therefore,

the following partial analyses may be carried out:

e coal, oil, natural gas

e mineral materials

e biomass

e air

e water

These are ideal-type classifications which permit the largely unanimous attribution of
raw material inputs. However, these classifications become ever more fuzzy when it
comes to analysing socially induced anthropogenic material flows which, subsequently,
are associated with various processes ranging from production and distribution via final

demand all the way to final disposal.



Empirical Results

The socially induced materials turnover of Austria was caleulated for the yeats 1’990 and
1992. Aggregate - results for both reference years do not show s1gn1ﬁcant quant1tat1ve

gdlffeuences and the material requirements of the Austnan economy have har y
changed over the period observed. Data required to update the material ﬂow anal"“sm for

5Aust1 ia for 1993 and 1994 are also. largely available already

With respect to some particular sectors, quantitative differences for the two reference
years are more conspicuous. These differences, however, result from methodological
adaptations of the accounting framework as well as from improved sources of primary
data. It became obvious that, by and large, input-related aspects of social metabolism are
better documented than material flows related to output use, since the number of raw
materials procured for subsequent processing is rather limited in most cases. At the same
time, raw materials are more closely monitored as far as they command a price and enter
calculations as costs. Wherever primary material is extraxted directly from nature
(e.g., in the extraction of gravel) on the basis of existing property rights or rights of
disposal, however, quantitative information and exact data with respect to extraction are
deficient most of the time. When materials passing through the system are being pro-
cessed in an increasing number of stages, available data may become too sketchy or too
intricate to permit an accurate description which differentiates among various material
flows. Hence, with increasing depth of processing, there is a tendency to add up these
divergent material flows and represent them as total aggregates rather than to differentiate
among them. It is only the reporting systems employed by waste management that
permit, once again, a more detailed analysis of material flows in certain subsectors.

If total anthropogenic material input is differentiated according to the three main groups
of water, air, and other materials, it turns out that throughput of water accounts for by
far the largest share of materials required socially: Water accounts for 87% of total
material turnover, with 8% left for air and 5% for other materials.

The results for 1992 show a primary extraction of 138 million tons of mineral materials
compared to an extraction of 58 million tons of biomass and imports of approximately
25 million tons of oil, coal and natural gas. Taken together, this amounts to a total
annual input of materials of 221 million tons which amounts to an average per capita
use of approximately 29 tons per year. Close to one third of this total involves mineral
materials, one quarter is reserved for biomass, and roughly 12% for fossil materials.



Table 1

Material Flow Austria 1992 — Total Turnover

Domestic Imports Total Share in total | Turnover per
Extraction Materials Turnover Capita
Input
[in Mio t] [in Mio t] [in Mio t] [in %] [in t/EW]
Water 3888 3888 87% 504
Air 330 330 8% 43
Other materials 174 47 221 5% 29
Sum 4439 576
Table 2
Material Flow Austria 1992 — Input of Other Materials (excluding Water and Air)
Domestic Extraction Imports Total Input
Miot] [%] [/EW]|[Miot] [%] [t/EW]| [Miot [%] [t/EW
Coal, oil, natural gas 4.3 2 0,6 | 20,9 45 2,7 | 252 12 3,3
Mineral materials 123 71 15,9 14,5 31 1,9 138 62 17,8
(excl. soil excavation)
Biomass 47 27 6,1 | 11,2 24 1,5 58 26 7,5
Sum, rounded 174 225 | 46,6 6,0 221 28,6
Share in % 79 21 100
Table 3
Output of Other Materials (excluding Water and Air)
Fossil Material Minerals Biotic Material Total
[Mio t] [Mio t] [Mio t] [Mio t]
Wastes 2,2 10,5 11,3 24,0
Emissions 194 0,04 11,8 31,3
Discharges on Purpose 1,0 20,7 21,7
Exports 2,4 10,1 9,7 22,2
Dissipative Losses 3,0 0,9 3,9
Total Output to Nature 24,0 24,6 54,4 103,1
Quantity Processed 3,2 4,4 7,6
Inventory Gains (including 1,2 113,2 3,8 118,2
statistical difference and
changes in inventories)
Total Output and Inventory 25 138 58 221
Gains, rounded

Source: Internal Calculations, OSTAT, Various Sources.

Austrian material needs are largely satisfied by the extraction of domestic resources.
20% of total materials input are imported, whereas, by and large, 80% are extracted
domestically. More than 50% of materials imported are fossil raw materials. Approxi-

mately two thirds of domestic extraction, on the other hand, consist of abiotic raw



materials, with biotic raw materials coming close to one third of domestic extraction.
Exports of materials amount to 22 million tons or approximately 10% of total material
throughput and are mainly composed of minerals and wood, as well as semi-finished
and final goods. In terms of value, exports of goods amount to 22% of GDP compared
to the sum total of imports estimated at 27% of GDP.

Approximately 50% of material inputs (118 million tons, of which 113 million tons are
minerals) are fixed in the long run in the form of constructions, infrastructure and
investment goods. This constitutes an annual net increase in material inventories, since
material from demolition is already subtracted from these accounts. Two thirds of the
total turnover of mineral raw materials are made up of primary products used for
construction (crushed stone, gravel, sand, limestone, clay etc.). In particular, the high
intensity of construction demonstrates that it is not just acute risks, e.g. in the form of
toxic substances, but material turnover as such that constitutes an essential criterion for

sustainable development.

On the whole, the results confirm that recycling strategies which enjoy general favour
among the public are only capable of contributing marginally to the solution of the
problem. Apart from the quantities that are re-used in agriculture, only a very small part
of total material throughput (approximately 3%) is being recycled at the moment.
Although it would be feasible technically to recycle a much larger share of materials,
this would be dubious on ecological grounds. By far the largest share of materials used
(energy carriers, mineral raw materials, composite materials as well as most chemicals)
can only be partially recycled. Moreover, if this is possible at all, recycling processes

typically require very high energy inputs.

Considering the options involved with respect to sustainable forms of using resources,
the relationship between renewable (recent) to non-renewable (fossil) material is of
prime concern. If one looks at the share that renewable materials hold with respect to
other materials (excluding water and air), non-renewable raw materials (coal, oil, natural
gas, mineral materials) hold a share of approximately 75% of total material turnover
and, hence, display a striking preponderance over renewable resources (biomass). Even
if 1t is assumed that non-renewable resources can be substituted completely, it is
impossible to substitute the existing large share of non-renewable resources by means of
a forced transition to renewable raw materials. The maximum potential of renewable
resources that can be utilized in Austria is limited by the parameters of the natural
conditions prevailing in the region and must be considered insufficient. Put differently,
this implies that the total area of Austria would have to be several times its current size
if the country wanted to supply its raw materials exclusively from renewable sources. A
permanent reduction of fossil material throughput, therefore, is impossible unless there
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is a concomitant reduction in the quantity of materials required ~ especially with respect
to construction activities and energy supply, with food supply ranking third.

Finally, the results clearly show that the current high level of consumption of materials
— so typical for an industrial country like Austria — cannot be generalized worldwide.
Apart from the distributional conflicts that would ensue, it is simply impossible to con-
ceive of 6 billion people on earth consuming, on average, 29 tons of materials per capita
and year. For simplicity’s sake, one may start from the assumption that each inhabitant
of the earth is granted the same amount of ,,environmental space,” i.e. the same range of
utilizing raw materials as well as natural absorption capacities for emissions, for a
medium-term period. Under these circumstances, the developed industrial countries
would have to reduce their raw materials consumption, depending on the material flows
in question, by rates ranging from a minimum of 20% to a maximum of 80%.

Recommendations for Statistical Implementation

Empirical investigations catried out within the framework of this study have shown that
éthe data required for annually updated national material ﬂow analyses are largely avall—g
able. There are some sectors ‘however, in which relevant mau rlal flows are underrepre-;
sented in official statistics — ‘essentially, this concerns the turnover of matemals in the
small trades and in trade, the self-extraction (so-called ]nnenemsatze) of matemalzs in the
processing sector as well as some material turnovers which do not enter ofﬁc1al staﬁ-f
stics since this would violate certain prmc1ples of attribution: Accordmg to current
statistical convention, material flows are only registered if they can be attributed to the
predominant activities of a firm. In part10u1a1 total matenal flows are underrepresented_'

statistically when it comes to the extractlon of mmeral raw materlals and green fodder

‘Most of the statistical p1ob1ems related to undexrepresentatmn may be solved by means-
of plausible estimates for selected reference years. However,
unreliable to serve as.a regula1 data base and the: estimation plocedures used are sub-f
‘optimal for the regular updating of natlonal materlal balances. Instead, it would be»;
necessar 'y to set up reporting systems for the areas concerned which guarantee that the
‘necessmy primary data are available annually or, at least, periodically. ‘

The way in which official statistics deals with the underrepresentations observed
should not be underestimated when it comes to the acceptance of the reporting system

envisaged. Essentially, we see two options to handle this problem:

15



(1) The claim to a comprehensive and largely complete registration of material flows is
given up, especially since the objective to be attained is international harmonization. In
this case, periodic estimates would regularly be biased towards certain underrepresenta-
tions which, however, might be quantified fairly exactly by carrying out a detailed in-
vestigation once. Also in favour of this mode of proceeding is the fact that it permits
sufficient documentation of the relative changes and tendencies in anthropogenic
material flows over time. Wherever it is possible to extrapolate material turnovers on the
basis of periodically available data, however, estimates should be carried out even if
they tend towards underrepresentation. This is true, e.g., for projections of material
extraction based on data available with respect to value added in production (e.g. sand,
gravel, crushed stone used by the small trades) or based on stock accounts (e.g. heavy
livestock units - Grofvieheinheiten - used to estimate extraction of green fodder). It is
also true for projections with respect to consumption and use on the basis of strategic
materials used (e.g., cement input used to produce concrete, bitumen for asphalt), for
estimates based upon alternative sources of data (duties charged for the protection of
landscape) and for reporting systems installed on the level of federal states (raw

materials extraction register of the Ldnder).

(2) For future inquiries the traditional domain documented by official statistics is ex-
tended by integrating adequate criteria into statistical procedures. This is certainly the
optimal variant if anthropogenic material flows are to be documented as exactly as

possible.

If one considers the temporal constraints and financial bottlenecks that this variant
would run into, however, it seems to be more advantageous to proceed in a step-by-step
fashion. Accordingly, one may start with option 1 and, given available personal and
financial resources, successively approach option 2. This implies, first of all, to start
with data which are available already, and subsequently to close information gaps which
are underrepresented in statistical documentation by means of adequate projection
techniques. At the same time, areas which are underrepresented should be listed by
priority and gradually integrated into the domain documented by official statistics.

As a matter of principle, it is recommended that a periodic materials balance be estab-
lished on the basis of ONACE 1995. When Austria joined the European Union, the fu-
ture necessity to register raw- and auxiliary materials was discussed as well. In the future,
it is very likely that the registration of raw and auxiliary materials will proceed ac-
cording to ONACE, which will also facilitate linking the use of materials with produc-
tion data. So far, raw- and auxiliary materials are documented statistically only accord-
ing to the systematics used by the trade associations (Fachverbandsgliederung) which,

for the reasons mentioned above, must be considered as a second-best solution only.
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In the future, data on foreign trade will be documented in conformity with procedures
followed in the European Union. This will improve the possibilities to link these data
with domestic production and demand. The possibilities to generate corresponding
information from detailed input-output tables should be evaluated.

We suggest that the Austrian Statistical Central Office (OSTAT) use a largely standard-
ized procedure to identify and document double-counting, i.e. intermediary deliveries
within certain economic sectors or branches. During the implementation phase appro-
priate statistical procedures should be designed in cooperation with experts from
OSTAT and, if necessary, involving experts from the respective branches. In this respect,
the results taken from updated input-output tables are viable sources of information.

Specific efforts should be made to close information gaps still existing with respect to

primary data. Available data on the domestic extraction of resources are deficient in the

following areas:

e Primary extractions which, due to existing property rights, are used as raw materials
free of cost and, therefore, do not enter the statistics of raw- and auxiliary materials.
In terms of quantity, this concerns especially mineral raw materials used in the
construction sector.

e Primary extractions which do not occur as part of the main activities of a firm, e.g.,
the extraction of gravel by firms primarily involved in hauling (Fukrwerksunternehmen).

Since this affects only a limited number of distinct raw materials, it does not seem un-
reasonable to add them to the list of raw- and working materials which firms are
requested to document in their statistical accounts. It is necessary, however, to estab-
lish the legal framework for this move beforehand by way of adequate amendments to
the Law of Statistics.

Trade constitutes a particular problem, since there are hardly any quantitative data avail-
able at all with reference to this sector. We suggest that plausible information might be
gained if available information on turnover is matched with expert knowledge concern-
ing this branch and, possibly, with relevant information from market research institutes.

Information on the use of raw materials as well as products is deficient wherever data
concerning demand for them are lacking completely or are recorded by way of
cumulated values. This is true for private final demand as well as for the important
sphere of public procurement. Since information with respect to both areas may be
gained from input-output tables, it seems promising to invite experts familiar with the
relevant analytical statistical techniques. Moreover, available deficient primary data on
certain sectors of private final demand may be compensated to a certain extent by
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findings derived from market research which may provide valuable information if
surveys are carried out periodically.

Construction- and civil engineering are not considered branches which procure material
goods in the narrow sense of the term. When it comes to data on materials, therefore,
construction statistics only show the amount of raw- and auxiliary materials used. In this
case, it would be desirable to amend the available economic data concerning the volume
of construction (gross production value, net production value, turnover, revenue, etc.) by
a quantitative approximation of the ,,products® of construction activities with respect
to the following parameters:

o Constructions: Cubature (m3) and area (mz) built up,

o Traffic routes (rail, road): km per defined standard cross-sections (Normquerschnitte).

Especially when it comes to construction activities, it is recommended to look at
inventory increases. Accordingly, official material flow analysis should develop a
separate module documenting the extent and composition of the annual increases in
inventories. Housing statistics as well as the periodic counts of houses and apartments

carried out by OSTAT may be used as starting points.

Assigning firms institutionally to particular economic activities is done according to the
»main fields of activity* that they are involved in. This, in turn, is inevitably bound up
with fuzzy data in statistical documentation. As far as this has dramatic implications
with respect to the material flows documented (as is presumed with reference to
construction activities), it is recommended to carry out crude estimates of the masses
and volumes involved in periodic intervals.

With respect to the physical dimension of certain sectors of the economy, e.g. the small
trades as well as the service sector, statistical accounts hardly exist at all. Under these
circumstances, alternative procedures to generate relevant data should be considered.
There exists a wide variety of reports, studies and concepts related to particular branches
which frequently provide important information concerning material flows. For some
parts of the small trades and service-sector, therefore, it should be possible to establish
relationships between economic and physical data which are substantiated reasonably
well. There are other subfields, e.g. raw materials extraction, for which reporting
systems differ across the Austrian federal states: Whereas Vorarlberg collects duties on
landscape use (Landschafisabgabe) which are calculated with reference to the quantity
of raw materials extracted, Lower Austria runs a cadastral survey of raw materials

extraction which is updated periodically.

Data on bulk mineral raw materials used for construction are based upon several years
of observation at the beginning of the 1990s. The findings, therefore, represent an average
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value from which it is impossible to derive time series. As long as available primary
data are incomplete, there are two possibilities to update them annually: As long as data
are not updated, one may proceed from the results of single inquiries that are more exact
than others and project data for subsequent years by means of linear extrapolation, as
the Geologische Bundesanstalt is wont to do. Another procedure might be to annually
update total primary extraction by way of projecting select indicator materials, e.g.
cement or bitumen, for which there are data on total annual consumption in the official

statistics.

Detailed data on disposal activities are collected within the framework of the Federal
Waste Management Plan which is updated every three years. To structure this reporting
system, however, a system of key numbers is used for certain categories of waste which
largely disregards the origin of these wastes and documents only exceptional cases.
When primary data on waste disposal are recorded, therefore, they should be structured
not only by assigning key numbers to them. Apart from that, it should be clarified in
cooperation with the Federal Environmental Agency (Umweltbundesamt) to what extent
it is possible to disaggregate primary data with respect to the quantities of wastes
recorded according to ONACE 1995.

Establishing periodic material flow analysis for Austria should be connected, moreover,
with establishing appropriate interfaces permitting substance flow analyses. Under
normal circumstances, substance flow analyses are based upon the flow of goods and
utilize additional information concerning the (chemical) substances that raw materials
and goods are composed of. Thus, it is possible to follow the flow of certain chemicals
and their combinations through a particular system and, if necessary, to balance it. If
possible, therefore, available information concerning the composite substances of
materials should be integrated in standardized form into the reporting system which is to
be established. Subsequently, statistical experts and scientists specializing in material-
and substance flow analysis should be invited to discuss problems of implementation

and potential requirements concerning the protection of data.

In addition to that, emphasis should be put on improving the possibilities to carry out
regionalized material flow analyses, €.g. on the level of the federal states (Bundes-
ldinder), and to improve international harmonization. Austria has gained a lead in this
field, and there is no doubt that regular cooperation between OSTAT and EUROSTAT
as well as the Statistisches Bundesamt Wiesbaden has played a very important role in
this process. It is recommended, therefore, to further intensify cooperative efforts.

Parallel to the implementation of a periodic materials balance for Austria a separate
,environmental statistics* division should be opened in ISIS (Integrated Statistical
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Information System), one of the databanks run by OSTAT. At any rate, this would be
justified by the multiple activities already pursued by OSTAT in this rapidly developing
field and as a response to permanently increasing demand for statistical information
with respect to the environment on behalf of policy-making and science. This main data-
bank within ISIS would exclusively be reserved for environmental statistics and might
be structured, in principle, according to the modules used in aggregate environmental
economic accounting. Initially, it should contain the following elements:

e periodic material flow accounts at the national level

e select material flow analyses of particular branches

e National Emissions Monitoring (NEMO) for air, water and waste

o select data from the publication Umwelt in Osterreich — Daten und Trends

e investment in environmental protection

It would be an important first step into this direction if a segment were added to ISIS which
shows the material goods production of trade and industry according to ONACE 1995,

In addition to that, technical facilities should be examined which are capable of storing
primary data for a period of more than 10 years, so that it is possible to retrieve them for
evaluation according to certain criteria at a later date.

EAustnan StatlsUcai Central Ofﬁk e TAT) are awarded the task of estabhshmg,
:regularly updating and perlcchcally pubhshmg the materxals balance of Austria. OSTAT
has a large part of the primary data, the relevant know-how and the 1nfrastructure
required to meet these objectives readlly at hand and, even more 1mportant it is an
flnstltutlon which is socially accepted and given credit for Its capacity to establish such
periodic mformat}on systems. In order to ehmmate?s ,stematlc underre”resentaﬁon and
ach1eve mtematlonal harmcmzatlon the penodlzat‘ n a

adm1mst1at10ns are facmg everyw e, | seems reasonable to consuier altcrnatlve fcrms

‘of appointing and ﬁnancmg the personnel in question. -

Delinking of Economic Growth and Materials Turnover

From 1970 to 1990 total materials flow through Austrian societ ”,'?,has approx1mately
increased by one third. As can be seen from changes in the amount of primary energy

20




used during this period, economic growth in physical terms and value added in:
produetion decoupled slightly, and the same is true for the use of materials. Since 1970,
‘materials input per unit of GDP (material mtensity) decreased by 25%. This 1mphes that
reiatlve gains in efﬁmency are compensated by the annual 1nmeases n the use of
matenals which, by and large, are caused by few yet massive ,,sﬁategle matenal ﬂows

of steel, cement, wood, paper/pulp, sand gravel and crushed stone.

two altematwe perspect1ves of development d1ffer1ng frem each other Wlth respect thetr
eeologwal effects. The analysis may either focus upon absolute changes m matenals
of output. It is

throughput or on the 1e1at1ve ehanges of materials throughput p,-,
and absolute

strongly 1ecommended therefme to dlstmgulsh clearly between rela

p10duct1v1ty of 1es0u1ces

Blanch analyses confirmed, once agam that the 1nformat10 ) ontamed in matenaf

indicators related to value- added concepts is relatlvely *1ns1gm 1cant when it comes fo

evaluatxon of the social ,,plessures upon the env1ronment

In retrospective, the period from 1970 to 1990 shows that changes in total material use
are similar to changes in total energy use. Both of them grow continuously, albeit less
than GDP. At the beginning of the 1990s the turnover of materials was reduced by one
third compared to 1970. Apart from a substantial reduction in energy consumption per
unit of GDP in the period after the second oil price hike, empirical studies show that
there is no trend- reversion towards an absolute reduction of total materials use on
behalf of society. Construction materials (sand, gravel, crushed stone, pebbles) constitute
by far the most rapidly growing fraction and, therefore, are mainly responsible for the
increase in total materials use. In the wake of the economic downturn at the beginning
of the 1990s the growth rates of energy use dropped for a short period. The updated
materials balance for 1992 shows that total material use remains fairly constant, at least.

In material terms the development of the Austrian economy is determined by a small
number of crucial flows of steel, cement, fertilizers, wood, paper/pulp, sand, gravel
and crushed stone. These may be defined as strategic materials which may be used as
indicators to document the pressures which society exerts upon the environment. Essen-
tially, they desribe the development of some basic industrial sectors which are particu-
larly materials-intensive. In aggregate analyses these strategic materials may be used
very much like another indicator, viz. the total aggregate of materials used, in order to
operationalize the concept of ,,sustainable development.” They are, however, much better
suited for empirical investigations since data are more readily available. The growth

21



rates in total materials use for the period from 1970 to 1990 can largely be explained by
increases in the use of these strategic materials. During the period in question, sand-,
gravel- and crushed stone throughput increased by 63%, which corresponds to an
average annual rate of increase of 3%. During the same period, throughput of all other
strategic materials (including chlorine, aluminum and pesticides) increased by a total of
55% or by an annual average rate of 2.6%. It is only the use of fertilizers which saw any
reductions between 1970 and 1990. In contrast to this, the throughput of all other
materials increased by a mere 0.3% on average or by a total of only 6.8%.

Water use has remained constant, by and large. Short-term peaks of demand (1977,
1991) were due to extraordinary requirements of caloric power plants for cooling water
in the extremely cold winters of these years.

With respect to most strategic materials delinking has occurred to a smaller or larger
extent, and rates of increase in material inputs fell behind the growth rates of GDP. This
has had the effect that the amount of materials entering the process of production did in
fact drop per unit of value added. Delinking with respect to sand, gravel, crushed stone
and cement, however, is only valid with respect to aggregate economic analysis. Set in
relation to the development of value added in the construction industries in which the
said materials are used as inputs, the material intensity of sand, gravel, crushed stone
and cement has in fact increased. The results of sectoral analyses, therefore, may differ
radically from findings derived from the analysis of total aggregates. No delinking has
taken place with reference to chlorine and wood, and increases in their use largely
correspond to increases in GDP. Increases in the use of paper, pulp, aluminum and
pesticides, on the other hand, exceed increases in GDP.

Over the whole period in question resource productivity — i.e. the economic value
added per unit of material or energy used — has increased substantially: The pro-
ductivity of water has increased by 72%, the productivity of materials by 33% and the
productivity of energy by 30%. Nevertheless, the persistent increase in the absolute
throughput of resources suggests that, despite numerous undisputed successes in the
past, pressures put upon nature, on the whole, have not declined yet. Relative gains in
efficiency are compensated by the annual increases in consumption, and there is no
absolute reduction of the amount of materials being used. What has indeed changed are
stress patterns, frequently by way of shifts from emission freights to waste flows. At the
moment, increases in material inventories with respect to the built environment as well
as infrastructure are still receiving too little attention. This, however, is where environ-
mental problems of the future are lurking in store, viz. problems of waste disposal (since
only a small part of debris may be recycled) and the diminution of land due to its

alienation for various construction activities.
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[t was impossible within the framework of this study to carry out a systematic estimate
of existing potentials to reduce socially induced materials throughput. Options
available to reduce the use of non-renewable resources, however, have been discussed
with reference to the construction sector, and more detailed analyses of other fields of

activities are recommended.

In developing strategies to reduce resource use for the whole of society, the relevant
actors, their present needs and wants as well as the options they have with respect to
their future wants and perspectives of development should be integrated more strongly.
The question to be answered in this case is how it will be possible to integrate core
actors like construction contractors or canteens, which primarily want to stay in business
and need to be involved in policies of sustainable resource management without

threatening their very existence in the long run.

Intermediate Material Flow Analysis — Fields of Activities

Disaggregating material flow analyses and carrying out investigations on an intermediate
rather than a macro-level seems be particularly interesting, since this permits more de-
tailed investigation of structural changes in resource use. One of the core objectives of
this study, therefore, was to develop and test feasible conceptions for the establishment
of branch-related material flow analysis.

:'The*t:oncept of ,activity fields® (Akzzvzraz‘sfelder) serves as a framework within Wthhé
evel Acti-.

mateual and substance flow analyses may be carried out on an mter

Vlty ﬁelds consist of a network of Somal actwmes whwh can be a : uted to spemﬁe

ana1y51s 1S concemed w1th a comprehenswe descmp’uon of the struotur ’
ﬂows (their material composmen hnkages ete.) and at the same tn s
account the economic relevance of the respectlve economlc actors‘ I .contras’t te' 'isveilé-:l’c—-E
ed branch analyses concemed with the mvestlga’[lone ;fselect core branches mvolved lnz
plOdU.Cthl’l and dlstnbutlon actmty ﬁeld analy51s prewdes the possxblllty of mtegratmg

fOl‘W&ld and backwald linkages among the relevant actors, e. g pmmaly extractlon trade,

services, households, dlsposal et al

A need or want is defined as a human (bas1c) need for food, housing, clothmg, commu-
nication, ete.. It is well understood that these wants or needs are Sllb] ect to temporal as
well as social changes and do not stay constant over t1me Activities, in tum are deﬁned;§

as social activities. undertaken to sat1sfy these very needs and wants.
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This study investigates the core material flows, i.e. those which cover the whole activity
field in question. Material advances which are preliminary for these activities — e.g., the
production of machines, transport equipment and auxiliary substances used — are not
included in the analysis. The concept of activity fields, however, does not exclude con-
sideration of these advances on principle — instead, it depends on the specific problem to

be analyzed whether they are considered or not.

The definition of activity fields is primarily motivated by the consideration that it is not
(human) needs and wants that are at the centre of the discussion when it comes to
develop modes of economic behaviour which are sustainable in the long run. Instead,
what is of central importance is the way in which these wants are satisfied. The analysis
is concerned with the exchange relations between societies and their natural environ-
ments — relations which vary with respect to time and space. The analysis follows
supply lines from beginning to end, from the extraction of raw materials all the way to

their disposal.

At any rate, the ultimate definition of activity fields should closely follow the estab-
lished systematics of economic activities in order to permit an integrative synthesis of
pertinent branch analyses and additional activity field analyses. Once the relevant actors
within a particular activity field are described in a way which is compatible with the
systematics of economic activities, material flows and the units of value added which
are associated with them can be related to each other. This fulfills one of the essential
conditions that must be satisfied if economic development is to be evaluated with

respect to its resource productivity.

This study has also investigated the extent to which material flow analyses are feasible
on an intermediate level on the basis of existing reporting systems, i.e. without having
to take recourse to additional statistical inquiries. This concerns especially branch-
related reporting systems, i.e. by and large statistics of trade and industry as well as the
construction statistics kept by OSTAT. The study also identifies the areas for which data
are still deficient. Central to the analysis was the development of material flows over

time and its relation to the economic dynamics of the respective sectors.

The Activity Field of Food Supply
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fodder plants (including green fodder) consumed annually, since these hold a share of
almost three quarters (74%) of total primary extraction 1equ1red for food production. 8.2
mﬂhon tons of biotic material are harvested annually as vegetable products f01 1m-'

mediate consumptmn (,,vegetarian share i

Compared to these data, the share which the act1v1ty field ,.food supply contributes tob
Value added in the p10duct1on of GDP is between 11 and 12%. From the mld 19705 to

constant At the same time, the relatlve 1mportance of the food trade and of gastronomy

has risen in companson with the value added in production. by agr et -ffe:'as weﬂ as yi
the tr ades The mateual 1ntens1ty of the act1v1ty field (blotlc matemal turnover relative to
cumulated value added) is app10x1mately 2.3 tons per 1.000.- ATS value added, Wthh

is approximately twice as much asthe mateual mtensr[y of the economy at large.

A long-run comparison of the results of agricultural production shows strong fluctua-
tions of yield which, for most of the products in question, largely depend on weather
conditions. These fluctuations are largely compensated by increasing or reducing inven-
tories as well as by import substitutions. 1992 saw a very hot and dry summer in Austria
which resulted in comparatively low harvest yields. For the following two years, total
yields increased by 9.2% in 1993 and 13.4% in 1994.

Food imports (including fodder) amount to approximately 2.8 million tons. Total input
of material flow with respect to food supply (domestic primary extraction plus imports),
accordingly, amounts to roughly 34.7 million tons. This corresponds to 60% of total biotic
input used to maintain the metabolism of Austrian society, or 16% of the input of all
materials (excluding water and air). The amount of food consumed by Austrians, there-
fore, slightly exceeds one sixth of the total annual use of materials.

The quantity of fodder used substantially influences total social material throughput. In
1992 fodder constituted approximately 50% of total domestic biomass extraction (including
wood) or roughly 14% of total domestic materials extraction. Some three quarters of total
fodder provided are consumed by cattle, approximately 18% are consumed by pigs, 5% by
poultry, 2% by horses and 1% by sheep and goats. The use of fodder types which are not
destined for sale (especially green fodder) is almost completey restricted to cattle farming.

The input of materials in food supply is estimated at approximately 14.3 million tons,
with an additional minimum of 2.5 million tons of drinking water used for the produc-
tion of drinks. It was impossible to gain a complete picture of how material inputs are
distributed among their various forms of use, i.e. either as inputs in trade and industry as
well as in the small trades which are to be processed subsequently, or as merchandize
which is acquired directly and resold subsequently. The total biotic input into food pro-
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cessing on behalf of industry, the wholesale trades, dairies and cheese-dairies is estima-
ted at approximately 9.8 million tons. As a result of the estimation procedure employed
to compensate for double-counting, this sum total is systematically biased towards under-
estimation by approximately 5%. Total biotic output amounts to a good 9.5 million tons
composed of approximately 8.5 million tons (89%) of products and some 1.0 million
tons (11%) of wastes. These wastes, in turn, are variously used as fodder and fertilizers,
or as substances which are either processed materially or thermically. With respect to
output, estimates are biased towards systematic underrepresentation for the same rea-
sons that were adduced for input estimates, and the same is true for the quantity of
wastes reported which is probably too low as a result of underestimation in the trades
sector. In the end, the materials balance for output underrepresents the main line of food
processing by a total of 0.3 million tons, which corresponds to a good 3% of total ma-
terials throughput documented.

No records exist with respect to material flows involved in the small trades as well as in
trade and commerce. Due to the results mentioned above, the materials input of both

sectors probably is in a dimension ranging from 4.5 to 5 million tons.

Assuming an average rate of consumption of 80%, one may calculate a total of 9.4 mil-
lion tons of food which are consumed annually. Accordingly, there are some 1.9 million
tons of wastes (kitchen refuse, leftovers, spoilage) which are generated annually as well.
The total quantity of food consumed, therefore, corresponds to some 29% of the total
primary extraction used for food supply. Hence, one kilogram of food consumed requires
4.3 kilograms of biomass which need to be harvested. If people are to be supplied with
meat and meat products, of course, material input increases by a corresponding amount.
More than two thirds of primary extraction are being recycled into the agricultural
system of production even before they are consumed by humans — mainly in the form of
harvest residuals, dung and other forms of home-produced fertilizers as well as fodder.

As aresult of the increased importance of eating out, ready-made food holds a minimum
share of 15% today. With respect to Austria, this yields an annual quantity consumed of
1.4 million tons, of which some 1.1 million tons are actually consumed by humans if

one assumes a rate of consumption of 80%.

There are no systematic accounts of the quantity of wastes from food (wastes resulting
from processing, refuse and spoilage). Volumes and origins of these waste flows as well
as their distribution could not be analyzed systematically within the framework of this
study, and the results of the analysis, therefore, are preliminary. First, it is assumed that
biotic wastes account for a minimum share of 25% of total wastes. Accordingly, 0.6
million tons of waste may be assumed to be related to municipal food wastes. Another
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0.3 million tons or so are assumed to be generated by canteens as well as restaurants.
However, part of the residuals generated by trade and industry are disposed via
municipal waste disposal, which may cause overlapping to a degree. The quantity of
food wastes may be calculated, instead, on the basis of available statistical data and
evidence from the relevant literature concerning food consumption as well as consump-
tion quotas: In this case, the quantity of wastes generated is estimated at some 1.9 million
tons, which differs from the erstwhile projection by 1 million tons. It is impossible to
clarify the origin and composition of these 1 million tons — in part, they contain food
residuals which are composted at their place of origin and are impossible to quantify,
meat as well as meat products fed to domestic animals, as well as certain quantities of
kitchen refuse originating from commerical food preparation, canteens and the like
which are larger than initially assumed. Moreover, the available quantitative estimates,
while documenting identical material flows, are very likely to differ from each other

because of differentials in water content.

Besides, there are other spontaneous side-effects resulting from food consumption as
well: It is possible to estimate, by means of adequate material flow coefficients linked
with population figures for Austria, that the total output of feces in 1992 was 0.4 million
tons. In addition to the stink thus generated, the total quantity of urine excreted amounted
to 4.3 million tons, the quantity of water transpiring in the form of sweat came to 1.1
million tons, and carbon output as a result of metabolic processes ran into 1.7 million
tons. Taken together, this sums up to a total of some 7.5 million tons of material output

resulting from food consumption.

In updating the National Environment Plan, food supply should be given more attention in
the future and should, in fact, become a focal concern. This also implies that concrete stra-
tegies as well as objectives should be developed which promote modes of economic be-
haviour that take greater care of resources. With respect to the activity field of food supply,
therefore, sustainable development should be based upon interdisciplinary strategies.

The Activity Field of Construction

It is already the results of material flow analysis at the macro-level which suggest that
construction activities may be expected to hold the largest shares in material turnover on
behalf of Austrian society. Accordingly, it was quite natural to investigate the dimen-
sion of the material flows and stocks as well as the shares of various fractions of ma-
terials involved in construction activities. It was the bulk of mineral raw materials which
took pride of place in the investigation, since no detailed analysis for this fraction exists
so far which covers the whole field of construction activities. With respect to the core
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branches in the activity field ,,construction” (i.e., extraction of stones and earths, production
of goods from stones and earths, construction) it was possible to analyze the structure as
well as the development of material flows over time which are relevant for construction.

‘With a material tumover of more than 100 million tons annuaﬂy, construction actlvmes
ate responsible for appmxunately half of the matemal tumover of society. In contrast to
this, the share that construction act1v1t1es hold with respect to the total Value added m

production is less than 10%.

jFlom 1970 to 1992 the development of constluctlon act1v1t1es Was extremely dynamlc
:w1th an increase in total material inputs: by some 50% The i 1nc1ease in materlal mputs
1990, therefgre, can

largely be explamed by the i increases that took place n COHSUUC ion.

(domestic eXnacUon plus imports) in Austma between 1970 a

Economic growth in the construction sector averaged 3.9% annually from 1987 to 1992.
With an average annual rate of 5.4%, however, growth in physical terms surpassed this
increase in value by far. From 1976 to 1992 value added in construction construction
and civil engineering in real terms increased by 17%, whereas raw and auxiliary
materials input has increased by no less than 47% over the same period. Delinking of
growth in physical terms and economic growth, therefore, has occurred in the sense that
the turnover of materials has increased much more than the value added in their production.

Compared to the material intensity of the economy at large, the quantity of physical
goods produced in relation to value added (material intensity) is ten times larger in the
production of goods from stones and earths. In addition to that, material intensity in the

construction sector shows a strong tendency to increase.

The data available with respect to trade in wood, construction materials and flat glass
between 1976 and 1988 show an increase of approximately 50% in value added.

Compared to the domestic extraction of raw materials, foreign trade in materials relevant

for construction plays a subordinate role.

Approximately 50% of all construction materials are filling materials and natural stones.
Ready-mixed concrete and products made of concrete hold a share of roughly one third,
followed by asphalt (6%) and recycled construction materials (2%) which are largely
used in road construction. The remaining construction materials sum up to a total of
some 9%, with bricks, limestone, gypsum, wood and iron holding the largest shares.
Mineral bulk raw materials are either used directly for fillings or as aggregates in concrete
and asphalt. They hold a share of approximately 85% in the total turnover of materials
involved in construction activities at large. Strategies designed to reduce materials
consumption by society, therefore, must keep a close look at this fraction of materials.

28



With respect to the specific uses that construction materials are put to, road construction
plays a prominent role with 40% of materials used on construction reserved for road-
bound traffic networks. Some 8% are used on line construction, and 1% each go into raﬂ
construction and hyd1auhc engineering. The remaining half of the turnover of con-
struction materials is largely used in construction engineering (housing and con-
"ngﬁpmjécts

structlens for economic use or so-called Wzrtschaﬁsbau) and civil engin

like powel generation plants, sewage purlﬁcatlon plants, waste deposits: and the lik

According to the Federal Waste Management Plan (Bundesabfallwirtschaftsplan) ap-
proximately 7 million tons of construction residuals are produced annually. 2 million
tons of these residuals originate from construction sites, the rest is debris from the
demolition of houses and infrastructure (roads et al.). Residuals of construction materials,
therefore, hold a share of some 6% in the total turnover of materials used in construc-
tion. Close to one third of construction residuals, i.e. an annual total of some 2 million
tons, is processed and recycled. Although processing capacities have been substantially
expanded in recent years, the total volume of materials processed stagnates.

Increases in stocks by some 104 million tons annually are balanced by outputs of
construction residuals summing up to a total of approximately 5 million tons, as well as
by dissipative losses in the form of road abrasion amounting to an estimated 3 million
tons. Increases in stocks, therefore, are 13 times larger than output. It is no surprise,
then, that construction activities result in a gigantic build-up of material stocks amounting to
an annual total of some 96 million tons or some 12 tons annually per capita. Total
material stocks are estimated at some 300 million tons per capita, with traffic- and other
forms of construction related to infrastructure (line construction, hydraulic engineering,
etc.) holding a share of approximately two thirds, and housing as well as construction
and construction for economic use (Wirtschaftsbau) accounting for 1/6 each.

fStat1st1cs on trade and mdusuy as well as the construction Sta'EIStICS

iunden ep1esentat10n of employees n the oonstructmn statlstlcs run by OSTAT

Total value added in construction activities in 1988 (in constant prices of 1983) came to
114 billion ATS. Since data for the small trades are deficient, value added for 1992 can
only be adduced and, hence, is estimated at some 128 billion ATS. Set in relation to the
turnover of 104 million tons of materials (including extractions plus imports) in 1992,
value added per ton was 1234.- ATS.
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Empirical findings with respect to material turnover in construction show that this field
of activities will be crucial when it comes to designing strategies for the future on
condmon that societies need to develop sustainable forms of 1e1at1ng to nature. In recent
yeals the extraordinary rate of economic growth of the construction sector has been
overshadowed by still higher growth rates with respect to the physwal inputs involved in
construction. The need to develop modes of organization and ways of acting which protect
resources, therefme is particularly pressing wrdnn the Whole ﬁeld;;:of constructlon acnvxties

Availability of raw materials is a critical bottleneck. Whereas Switzerland, e.g., has
already been forced to face natural constraints with respect to raw materials availability,
the situation in Austria is characterized by conflicting interests as to how nature should
be used: Concerns to extract raw materials or expand human settlements, on one hand,
are counteracted by claims to environmental protection and the establishment of natural
reserves, on the other. Regional planning, therefore, plays a crucial role in balancing and
coordinating these contradictory claims to use the natural resources available.

The current annual turnover of 14 tons of materials per capita in the construction sector
alone is certainly unsustainable in the long run and can neither be maintained on that
scale globally. Hence, it is impossible at the moment to answer how supply can be
ensured in the long run if current levels of consumption are maintained. Instead, it is
necessary to develop scenarios for substantial reductions in materials turnover with
respect to the whole field of activities related to construction. We have already
‘mentioned some of the options to be discussed as well as their potential contribution to

reduce resource consumption.

Given the ways in which construction materials are used at the moment, the increasing
use of wood in construction can reduce the amount of non-renewable raw materials and
resources only in a few sectors (mainly in housing as well as in construction for
economic use); on the whole, the effects this will have on the total reduction of the
consumption of non-renewable resources will be negligible. Even if the amount of
debris and refuse from constructions and from construction were recycled completely,
this would reduce consumption of primary raw materials only by an additional 2-3%.

In the foreseeable future, substitution of mineral raw materials (by wood) and recycling
(of construction refuse) will facilitate a reduction of mineral raw materials consumption
by approximately 5-7%. Hence, one may conclude that none of the options mentioned,
taken by itself, can contribute decisively to solve the problem of resources with respect
to construction. Apart from having to consider the technical and organizational
measures mentioned before, strategies for sustainable development in the field of
construction activities will have to integrate a complex set of additional considerations —
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duration, intensity and flexibility of use, construction methods, employment effects,
etc.. At the same time, it seems to make sense to keep in mind the demand structures in
various sectors (housing, trade and industry, public construction, roads, infrastructure,
communication lines, etc.) and their respective dynamics.

There is a multitude of demographic, economic and social factors on the demand side
which affect construction activities: The development of human settlement structures is
not only influenced by population dynamics and migration, but also by the increase in
the number of households due to the prolongation of life as well as the increase in
singles-households and divorces. Additional factors are the general increase in wealth,
the concomitant boom in the construction of second homes as well as holiday homes,
and an increase in the average amount of space used per workplace.

It is not least important to look at construction activities with a view towards
employment effects. In this respect, the state must be considered the most important
agency for the commissioning of construction contracts, whereas politics is in charge of
defining the framework for construction activities. It is recommended to promote
employment-intensive branches which, at the same time, tend to be relatively effcient
with respect to the use of resources: Therefore, construction construction as well as the
redevelopment and renovation of constructions should be favoured vis-a-vis those
branches that are more material-intensive. Changes in value added in construction
construction and civil engineering already show a marked tendency in this direction,
since adaptations have almost doubled their share from 6% in the mid-1970s to 11% in
1994. Comprehensive redevelopment and renovation of the existing stock of
constructions, including heat insulation as well, is employment-intensive, reduces the
consumption of energy required to operate the constructions in question, and has a

dampening effect on the amount of space required for new constructions.

The following list of measures and steering options should be suggestive of the
subsequent steps which need to be taken to approach that objective:

Construction Construction

e Types of (especially compact) construction which save on energy, materials and area used

e Renovation and redevelopment (heat insulation, etc., also with a view towards
employment effects) (

e Increase intensity of use (e.g., by developing adequate legal and tax-incentives with
respect to second homes, holiday homes and unused housing facilities

e Extend average duration of use by way of more flexible types of construction.

o Substitute mineral raw materials by renewable resources

e Re-use of structural elements and recycling
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Road Construction and other Infrastructure

e Extend duration of use by conserving, as far as possible, existing infrastructure (i.e.,
mainly by transferring goods transported by road to rail-bound forms of transport)

e Promote types of construction which save on resources (road widths, dimensions of
infrastructure, use of recycled construction materials, etc.)

e Use of infrastructure in sparsely populated areas which is independent of pipelines
and other carriers (Waste water, telephone)

e Reduction of investment in material-intensive construction activities with little
effects upon employment in favour of renovation, redevelopment and modernization

in construction construction.

In updating the National Environment Plan, construction activities should be made an
area of focal concern. Also, strategies as well as objectives should be developed with
respect to this field which reduce pressures upon the environment. Sustainable
development in the field of construction activities will not just be achieved by singular
or merely technical measures; instead, what is needed is a comprehensive approach
which also integrates professional expertise from public authorities serving as builders,
from experts in traffic planning, regional planning, architecture, and urban planning.

The Importance of Intermediate Material Flow Analyses for Implementation of
Periodic Material Flow Accounting

‘The material flow analyses camed out for the two activity fields of food supply and
construenon have demonst1 ated that material ﬂow analyses at an 1nte1med1ate level are

eondmon to descnbe the eeonomlc and phys;eal developments in const uctio
poss1b1hty to link various sets of data. Institutions like OSTAT wh1eh :
analyze these data according to a largely uniform systematm class1ﬁcat1en should beg
able to catry out mateual flow analyses fairly easﬂy : 5

In addlthll to that the mateual ﬂow analyses camed out for the two act1v1ty ﬁelds havej

additional matemal ﬂow analyses 1elated to act1v1ty fields.

For detailed analyses, e.g. by way of research accompanying the updating and
realization of the National Environment Plan, at least the following activity fields are of

prime importance:
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e (Construction

e Food Supply

e [Energy Supply

e Water Supply

e Transport

An estimation of double counts (i.e. intermediary deliveries within a specified econo-
mic activity) is impossible due to the data available at the moment. An improvement of
the situation with respect to primary data may be expected from a survey of data
referring to production, raw and auxiliary materials. This should conform to EU stand-
ards and follow uniform nomenclatures with respect to goods as well as activities. A
statistical survey of internal inputs (material inputs not invoiced, or so-called Innenein-
sditze) would markedly increase the exactitude and expressiveness of branch-related

material flow analyses.

With reference to disposal, the Federal Waste Management Plan serves as the central
database. Although it is updated only once every three years, it is sufficiently exact to
serve as a basis for periodic material flow analyses of Austria. It is a problem, however,
that data can be linked only insufficiently as a result of differing systematics. Since it is
only possible in part to link waste flows to production sectors according to individual
branches, measures should be taken that, in the future, will enhance the possibility to
link data on waste with their respective branch codes according to ONACE.

Branch-related waste surveys (branch conceptions) may serve as a valuable source of
information for material flow analyses but, instead of just recording wastes, should take
account of material as well as substance flows in general. It is recommended that they
follow the systematic classification compatible with ONACE and be updated regularly.
In turn, these updated surveys might serve as the basis which can be used to update the

Federal Waste Management Plan.

From the results gained so far it is possible to draw the following recommendations with
respect to the implementation of a periodic material flow analysis:

e The survey of raw materials extraction should become an integral part of production
 statistics. The share held by the small trades should be calculated periodically by
means of their contribution to value added in production.

e Survey of the inputs of raw and auxiliary materials according to the systematics
used to assign material goods in production statistics. This will largely prevent the
overlapping of records and facilitate linkages between production statistics and the
list of raw and auxiliary materials. Also, so-called internal inputs (material inputs
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not invoiced, Inneneinsdtze) should be surveyed, since these data are essential
prerequisites for carrying out consistent material flow analyses.

o Integration of periodically available data from market research with respect to trade
as well as private final demand.

e Estimation of materials use outside of those units which are surveyed statistically
(contractors” yards, highway maintenance depots, energy suppliers, private construc-
tion of homes, etc.)

Detailed survey of strategically important materials like cement and bitumen as well as

estimation of the consumption of aggregates induced by these products by means of

technology coefficients. Thus, data on cement consumption may be used, by ap-
proximation, as indicators for the production of concrete, with bitumen analoguously
serving as indicator for the production of cement. On this basis it is possible to follow
the development of almost 50% of the amount of mineral bulk raw materials over time
and arrive, very efficiently as well as fairly exactly, at reasonable quantitative estimates

of these changes.
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