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Research and Development Agenda for Material Flow Analysis

Aim of the Document

A list of priority tasks concerning Material Flow Analysis (MFA) for policy support is presented. It
is intended to serve as a reference list for:

(1) research commissioning institutions such as the European Commission, national governments,
statistical offices, regional and community organisations, as well as NGOs and industry; they
may use the list for the definition of priorities for supporting research and development
intended to foster a sustainable development;

(2) institutions involved or interested in MFA; they may use the list to evaluate their working
schedules and to orientate themselves towards actual needs;

(3) persons interested in the capacity of MFA to contribute to the implementation of sustainability
on various levels (local, regional, national, European, global); they may discover possible uses
of MFA for their problems.

Introduction

Background: the Concerted Action ConAccount

ConAccount is the acronym for a concerted action titled "Coordination of Regional and National
Material Flow Accounting for Environmental Sustainability". The concerted action has been
supported by the Environment and Climate Programme of the Commission of the European Union
(DG XII) from May 1996 until December 1997 (see Part I of this volume).

ConAccount provides an international platform for information exchange on Material Flow
Accounting or Material Flow Analysis (MFA). MFA refers to accounts in physical units (usually in
terms of tons) comprising the extraction, production, transformation, consumption, recycling, and
disposal of materials (e.g. substances, raw materials, base materials, products, manufactures,
wastes, emissions to air or water). According to different subjects and various methods, MFA -
and thus ConAccount - covers approaches such as substance flow analysis, product flow accounts,
material balancing, and bulk material flow accounts. ConAccount has focussed on studies of
(supra-)national and regional scope. The community level and - in some cases - the firm level have
also been addressed. MFA projects for products and services (within LCA approaches) have not
been addressed in particular, whereas methodological overlaps have been discussed.

The ultimate task of MFA research is to support policy. In fact, MFA may serve to indicate and
solve several problems of environmental concern and to support various institutions involved in
fostering a sustainable development. For instance, MFA can be used to monitor environmental
pressures, to contribute to the integrated environmental and economic accounting, and to plan and
evaluate policies for sustainability. The information provided through MFA can be used by
statistical offices, governmental and non-governmental organizations, as well as by industry.

One of the major objectives of the first phase of ConAccount was to define the future needs for
research and development for policy relevant MFA tools that foster decision making towards
sustainability.

Necessity and Structure of the Agenda

There are already a number of research programmes intended to support a more sustainable
development. Activities are fostered in the fields of industrial transformation, cleaner production,
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life cycle assessment, integrated chain management, design for environment, the IPCC process,
and many others. Whereas those activities are important, the new field of Material Flow Analysis
(MFA) promises to provide an additional and to a certain extent deeper insight into the complex
backgrounds and causes of environmental problems as well as an overview of essential
environmental pressures. MFA can be used to monitor and support the increase in resource
productivity through changes in technology, production and consumption patterns. MFA provides
the link between human acitivities and profound impacts on the environment. It can be used to
analyze the relation of hazardous substances and bulk material flows to economic processes in a
system wide perspective, thus providing the basis for an effective materials management. Whereas
the accounting of material flows on the firm level has already been established in many places,
similar efforts on the European, national, regional and community level are still at the beginning.

The intention for this “Research and Development Agenda for Material Flow Analysis® is to
summarize the tasks for future research and development of local, regional, national and global
MFA. The extended list has been arranged following the sequence of fundamental analysis, regular
accounting, and policy implementation. Any policy oriented MFA research will have to cover the
full range of the sequence, thus overlaps will probably occur. Part 1 (Further development and
application of the MFA methodology) covers methodological issues as well as important questions
regarding the relevance of material flows for policy. Part 2 (Implementation research for regular
reporting on various levels) comprises future tasks with regard to the implementation of MFA-
based monitoring and information systems on various levels. Part 3 (Further development of MFA
for material flow management) focuses on essential tasks for MFA directly related to the
management of the material flows. Because the extended list comprises rather many issues the
most important ones have been selected to indicate priorities.

Any future research is based on the actual knowledge. The rather complex state of the art of
MFA will be reviewed elsewhere! in order to concentrate here on the main tasks ahead. The agenda
is not a complete research programme. The topics of the agenda may be rather taken as the
headings of different research programmes, which will have to be worked out in an elaborated
manner by MFA commissioning or research institutions.

Genesis of the Future Research Agenda

This “Research and Development Agenda for Material Flow Analysis* has been worked out in an
interactive process between the participants of the concerted action ConAccount. A first draft was
developed by the coordinator in early summer 1997. It was sent to about 400 experts for
comments2. Based on these comments the coordinator prepared the second draft in August 1997.
This version served as a basis for discussion on the ConAccount conference in September 1997 in
Wauppertal. The results of this discussion including the ranking of the agenda lead to the third draft.

Priority Setting

On the occasion of the ConAccount Conference (held in Wuppertal from 10 - 12 September 1997)
the participants were asked to set priorities between the 25 issues of the draft research agenda.
These are the priority issues ranked first (number in brackets refer to the extended list below):

I The interested reader will find a first introductory review in Bringezu, S., Kleijn, R. (1997): A Short Review of the
Work Presented. In: S. Bringezu, M. Fischer-Kowalski, R. Kleijn, V. Palm (Ed.): From Paradigm to Practice of
Sustainability. Proc. ConAccount workshop, Jan. 1997, Leiden, pp. 306-308; the Proceedings of the Leiden
Workshop and the Wuppertal Conference will provide additional extended information; a special review will be
prepared.

2 We would like to thank the following persons for their comments in that first round: Jesse Ausubel, Peter
Bartelmus, Egbert Boeker, Philippe Bourdeau, Clemens Deilmann, Manfred Deistler, Christopf Erdmenger, Ingeborg
Fiala, Dolf Gielen, Christine Jasch, Niels Jungbluth, Susanne Kytzia, D. Lawascheck, Giorgio Nebbia, Inger
Ohman, Martin Patel, Tapio Pento, Udo E. Simonis, David Stanners, Helias Udo de Haes, Ester van der Voet, Peter
Victor, Hans Vos, K. Wetzel, as well as the members of the Steering Committee, Marina Fischer-Kowalski, René
Kleijn and Viveka Palm.
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e Analyses of the interlinkages of material flows and economic development (1.3)
e Development of a general framework of MFA methodology (1.1)

e Review and further studies on the assessment of the environmental impacts of material flows
(1.2)

e Improving the use of MFA for the political process (3.1)
e Further development and establishment of material flow indicators (2.2)
e Further development of MFA in national, European and international statistics (2.1)

The highest priority was given to analyses of the interlinkages of material flows and economic
development. This issue reflects the fact that most of the human induced material flows are driven
by economic purposes. Whereas some knowledge could have already been gained there is still a
great need in understanding the real dependence of economic performance on material flows. It is
not clear to which extent the economic development can be delinked from the use of natural
resources and the release of emissions and waste to the environment. Any policy that aims at the
reconciliation of economy and ecology will depend on the knowledge of the pre-requisites for such
a decoupling. There is also a need for improved information on the material flows directly or
indirectly linked with different economic sectors. Analogously to monetary flows comparable data
on physical flows are necessary to indicate the environmental performance of the various sectors in
order to foster an environmentally sound competition.

Whereas the ConAccount interactions have provided some overview and insights to the variety
of different concepts and methods, a general framework of MFA methodology is still lacking. In
the Leiden Workshop it became clear that the two main streams of different approaches, substance
flow analysis on the one hand and bulk material flow analysis on the other hand, start with
different problems (pollution vs. unsustainable throughput). These different approaches are
complementary like different tools in a tool box, each designed for a specific problem.
Nevertheless, the different methods use some common methodological components which could
be the basis for a more general framework and a code of conduct. The effectiveness of MFA could
be improved, if the whole "tool box" can generally be made available, not just the single tools.

Different material flows are associated with different environmental impacts. Material flows can
exert eco-toxic, nutritional, mechanical, physico-chemical, structural, and energetic effects on the
environment. MFA has the advantage that material flows can be accounted without knowing all
direct and indirect, short-term and long-term, local and global effects. However, the indicative
value of MFA and the problem awareness of those who should be concerned rizes with increasing
knowledge of the detrimental impacts of material flows. Therefore the review and further studies
on the assessment of environmental impacts caused by material flows have also been ranked with
high priority.

The use of MFA is still in the "experts corner". Whereas the usefulness of MFA - to support a
comprehensive perspective, integrated solutions and pre-cautionary actions - is increasingly beeing
proven and advocated, a wide spread application for policy support is not yet within sight. The
Leiden workshop gave recommendations to improve the policy relevance of MFA. The Wuppertal
conference exemplified and promoted the use of MFA for policy support. The main advantage of
MFA is to picture the complex resource use in society. The main task is to condense this
information together with assessment statements in order to sufficiently support decision makers.
Improving the use of MFA for the political process will therefore critically depend on the further
development and establishment of material flow indicators. Those indicators should be derived
from regular up-dated data bases of material flow accounts. The increasing efforts of statistical
offices and environmental agencies to integrate MFA relevant information into their reporting
scheme should therefore be supported.

The further development of MFA in national, European and international statistics will be an
essential pre-requisite for reporting progress towards sustainability. Material flow accounts provide
information that go beyond singular indicators by monitoring the interlinkages of different flows
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and their interdependencies with human activities. Especially the integrated environmental and
economic accounting will profit from the further establishment of MFA. The value of these
statistics for policy and industry would also be increased, because those integrated accounts could
be used for the design and control of an effective material flow management in order to increase the
environmental performance of economic activities. The demand for those policies and statistics will
rize with the increasing impacts of human induced material flows, their volume, structure and
quality currently being far from sustainable.

1. Further development and application of the MFA methodology

Whereas physiology and biochemistry have lead to a thorough understanding of the metabolism of
individual organisms, and ecological science has revealed the functioning of ecosystems, the
research on the metabolism of the anthroposphere is still rather at the beginning. The different and
differing analytical concepts and methods will have to be further developed, refined and integrated
in order to get a deeper insight into the structure, dynamics, functions, and regulating mechanisms
of the societal metabolism in relation to the environment. This knowledge will be a pre-requisite for
the proper diagnosis and therapy of phenomena of unsustainable economic and social structures.

1.1 Development of a general framework of MFA methodology. Input and output
oriented analyses should be combined in order to develop a conceptually comprehensive and
coherent approach to MFA. In addition, (bulk) materials flow analysis on the one hand and
substance flow analysis on the other hand should be used in an integrated approach. This should
allow, for instance, to account comprehensively for the overall effects of recycling in industrial
economies (e.g. as regards material and energy consumption, release of toxic substances to the
environment). A code of conduct could be established comprising essential elements of MFA
studies (e.g. definition of terminology, system definition in relation to the target question and
conceptual background, scoping, calculation of rucksacks, level of detail, data quality demands
etc.), and the possibilities as well as limitations of MFA should be clarified.

1.2 Combination of different MFA tools. Further examination of the possible
combinations of regional and national MFA on the one hand and product and process oriented
MFA (e.g. Material Input per Product) on the other hand. The results should allow to harmonize
local planning of processes and products with priorities for materials management on the (supra-
)national, regional, and firm level. In economic terms, MFA should be further developed to close
the gap between the micro and the macro level (the firm and the national level), thus providing a
micro-macro link (see points 2.5, 3.4).

1.3 Further development of the modelling of flows and stocks. The complementary
advantages of static and dynamic modelling should be worked out. Static modelling can be used to
estimate flows for which no primary data exist, to identify problem flows, to trace problem flows
back through the anthroposhere to their ultimate origins, and to calculate the effectiveness of
(policy) measures. Dynamic modelling allows to calculate trends in time and thus make scenario
analyses possible. A prerequisite for those analyses will be the provision of data on the life-time of
products, buildings and infrastructures.

1.4 Review and further studies on the assessment of the environmental impacts
of material flows. Detailed knowledge on the impacts of specific substances and selected
materials (depending on volume and impact per unit of flow) should be combined with information
on systemic properties of material flows (such as renewability). In order to get sufficient policy
relevance, the linkage of material flows to environmental problems must be further revealed (pre-
requisite also for point 2). In order to establish a reference system for the evaluation of the status
quo those material flows - their quantities and qualities - should be determined that can be expected
to continue in a sustainable way. The preconditions for such kind of future basis of industrial
economies should be worked out.

25



1.5 Analyses of the interlinkages of material flows and economic development.
A standard framework for analysis should be developed which should support an assessment of
decoupling/recoupling of economic activities and material throughput (the framework should also
allow to assess the influence of social aspects and consumption patterns; see points 1.6 and 1.7).
In general, the linkages of monetary flows and material flows should be studied. The method
should allow comparisons between countries, explain driving factors and steering options with
regard to significant environmental problems. MFA should help to specify the material productivity
of the relevant processes and to address the most important groups of producers and consumers for
materials management. Sectoral analyses should be performed, e.g. by physical input-output-
analyses. The analytical approach should be improved to reflect the dynamic aspect of
technological change (see points 1.3, 1.8). MFA should be further developed to analyze the
interrelation between economic gains and risks on the one hand and material flow patterns on the
other hand.

1.6 Analyses of the interlinkages of material flows and social development.
Sustainability demands for physical, economic and social requirements. Methods should be
developed to account for the interlinkage of material flows and employment in order to search for a
sustainable physical basis of work. The interlinkage of material flows with material consumption,
the social security system, welfare and well being should also be elucidated. Social disparities
within and between nations and the interrelationships with material flows and stocks should be
analyzed.

1.7 Analyses of the interrelationships of material flows, life styles, and
consumption activities. Consumption patterns should be studied with respect to time
budgeting and material intensity. Non-market activities should be considered. Those parameters
should be studied that essentially determine material flows for household activities and for leisure.

1.8 Analyses of the interdependences of technological change and material
flows. Technological change has had dramatic effects on the material requirements for providing
products and services. The interrelations of economic, social, and life-style aspects (points 1.5,
1.6, 1.7) with technological change should be elaborated. The linkage to the environmental design
of products and services should be considered.

1.9 Analyses of the interrelation of material flows, land use and spatial
structures as well as climate, geographical conditions, social history etc.. The
influence of settlement structures on the induction of material and energy flows should be
investigated. The options should be studied to gradually improve actual settlement structures in
order to minimize natural resource consumption under consideration of the part of these structures
adapted to local conditions.

1.10 Positioning of MFA towards and combination with other analytical tools.
The interfaces of MFA with other analytical approaches such as LCI, LCA, Risk Assessment
should be defined. Differences in conceptual backgrounds and target questions should be clarified.
The formal structure and data needs should be compared and the possible combinations elucidated.
A methodological bridge should be developed between area oriented analytical concepts (e.g.
ecological footprint) and flow oriented concepts of MFA. Possibilities to combine MFA with GIS
should be worked out (see also point 3.5).

2. Implementation research for regular reporting on various levels

The societal metabolism in relation to the environment should be monitored in order to detect
unsustainable malfunctions as early as possible, to plan proper improvement measures, and to
control their effectiveness. For that purpose monitoring instruments are needed to support decision
making on the various levels (local, regional, national etc.).

Statistical offices and environmental agencies will play an essential role in the future
institutionalization of MFA. Integrating MFA into regular reporting schemes, the provision of a
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technical framework (such as I-O tables), the harmonization of data collection and reporting
formats, the build-up and maintenance of generic data bases will be tasks that go beyond the realm
of research. Future research, however, is necessary to assist statistical and other institutions in the
fullfillment of those tasks. Crucial goals will be the international comparability of MFA based
environmental and economic reports as well as the installation of one or more generic data bases.
Data bases should be - as far as possible - designed for the assistance of MFA together with other
tools (such as LCA), and should comprise bulk material flows (incl. rucksacks) as well as
substances flows. The installation and maintenance of data bases and reports on the internet will be
a further milestone to the next century and will probably provide a variety of new options of
international collaboration.

2.1 Further development and establishment of material flow indicators. The use
of MFA indicators should receive more attention because they are powerful tools to translate the
outcomes of MFA into a limited amount of policy relevant information. The compatibility of
indicators on different levels (from local to European) should be considered (see 2.5). Reference
values should be established based on well defined criteria and harmonizable rationales (see also
3.5).

2.2 Further development of MFA in national, European and international
statistics. In order to foster the integrated environmental and economic reporting, accounts
should be established that (a) monitor the material flow balance and the total material requirement
of the different countries in a comparable manner, and (b) report on flows of specific
environmental concern also in a comparable way (see e.g. 2.3). A prerequisite for those accounts
(as well as for many analyses mentioned under point 1) is a programme for production and trade
statistics measuring physical units (and not only monetary units) in Europe.

2.3 Development of accounts for groups of toxic substances. Due to the large
number of toxic substances used, it would be valuable to provide an overview of the production,
import/export and the use of toxic substances expressed in tonnes and numbers of chemicals,
classified according to their damaging properties. This would also give possibilities to couple
environmental goals to larger groups of chemicals, rather than treating them one by one.
Experiences from LCA impact assessment may contribute to that aim.

2.4 Development of an international data base on material flows associated with
traded products. This data base should comprise the physical amount of the most important
products and the amount of the most important flows interlinked with their production (bulk
material flows incl. "rucksack" or "hidden" flows and critical substance flows such as CO?2). The
data base could support the environmental assessment of those products (e.g. for WTO), the
(supra-)national statistics in order to account for the total material requirements, and producers who
want to reduce the environmental burden of their supply products.

2.5 Improvement of the compatability of MFA on the firm level and on the
regional or national level. In analogy to the reporting schemes for economic performance, the
physical accounting on the firm level should be the basis for regional and (supra-)national
statistics. A standard framework for material flow records on those different levels should be
developed (see also point 3.4). Internationally standardized MFA-profiles for branches of
economic activities should be developed in order to support national and firm-level benchmarking.

2.6 Improvement of the environmental reporting on the community and regional
level. Current activities pursuing local Agenda 21 are mostly lacking overview as well as detailed
information on the material flows through and the material stocks within cities or regions. The
same applies for federal states on the subnational level. There is a need for aggregated comparable
information on the material intensity and resource productivity of communities and regions, based
on easily available data.

2.7 Development of MFA based standard records of products. MFA based
information can be used by wholesalers, retailers and consumers. Relevant data could be
transferred by documents accompanying products, sales lists, or environmental labels. Standard
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formats for MFA based product records for producers and consumers should be developed in
order to foster the information transfer along the production and consumption line.

2.8 Development of land-registers of material flows and stocks. The physical
exchange between technosphere and environment should be considered as well as the physical
exchange due to transport. Emission registers can be supplemented by input registers. Registers of
the materials stocked in the technosphere (e.g. buildings and infrastructure) can be used to indicate
not only the potential wastes but also the "mines of the future". Materials stored in goods in use
(vehicles, appliances etc.) and to a certain extent deposited waste materials could also be seen as
"mines of the future". Consideration of the "lag time" between production and end-of-life
(including the dynamic aspect introducted by technological change) could be important.

3. Further development of MFA for material flow management

Malfunctions of the societal metabolism have been discovered, and MFA should be used to design
adequate curative and preventive measures. Material streams burdening the environment flow
through many sectors and are influenced by decisions on different levels. Thus different political
resorts - such as environment, industry, labour, agriculture and forestry, spatial planning,
transport, energy - as well as an integrated materials management policy can be supported by
MFA.

In environmental policy only a few material flow related targets have been established so far.
However, the issue attracts increasing importance. Reduction targets to specific substances such as
CFC or CO2 have been established and are discussed internationally. Reduction targets regarding
bulk material flows or the total throughput of economies such as Factor 10 have been included for
instance in the Austrian National Environmental Plan. The OECD environmental ministers regard
the increase in materials productivity by a factor of 10 within the next 30 to 50 years an important
target. It will be the task for MFA research to provide further arguments for plausible material flow
related political targets, to develop the corresponding accounting tools (part 2), and to support the
management of the material flows on the various levels of implementation.

3.1 Improving the use of MFA for the political process. The use of MFA for
decision makers should be worked out and advertized. Material flows should be related to
environmental quality targets, and material flow related action targets should be developed and
proposed for the political debate. The requirements of decision makers should be taken as a starting
point of MFA rather than an obstacle for implementing scientific results. The pre-conditions of
political success should be incorporated into the design of MFA studies. The political use of MFA
should be evaluated regularly. The effects of MFA on the users of the results and the decision
making processes should be studied.

3.2 Intensifying the use of MFA for material flow management on the national
and supranational level. The environmental and economic characteristics of materials and
substance flows should be taken as a basis for developing effective strategies and measures of
materials management. The potentials of improving the efficiency of materials handling and the
resource productivity of economic activities should be studied. The effects of an ecological
economic policy comprising changed tax and/or subsidy schemes, institutional changes, eco-
labelling etc. on technological innovation, production and consumption patterns, foreign trade,
security of employment etc. should be studied on the basis of MFA. The main question should be
how to sustain the physical basis of our daily life in the long run.

3.3 Development of MFA for integrated resource management on a regional
scale. Based on MFA the regional potentials for naturally and technically renewable materials
should be used to sustain the supply with water, energy, and materials, and to minimize the losses
by waste production and emissions to the environment thus implementing the principle of
"industrial ecology". Technical, legal, and institutional possibilities to close material cycles, to use
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materials in cascades, to minimize material flows by transport, and to delink coupled material flows
(e.g. water and nutrients) should be examined.

3.4 Establishing resource management schemes on the firm level. Analogously to
monetary accounts MFA can be used to increase materials productivity of firms by minimizing
inputs and losses of materials. MFA should also be integrated as part of the voluntary eco-auditing
procedure. Harmonized accounting schemes should be established that minimize the shifting of
environmental burden beyond the firm by a system wide approach which sufficiently reflects the
regional, national and global requirements of sustainability (points 3.2, 3.3). MFA on the factory
level may be used as basis for the cooperation between different firms in order to jointly exploit
potentials for economic and environmental cost reduction. MFA is also used without environmental
concern in order to explore market opportunities. These approaches may be strenghtened by
searching for product opportunities with less environmental burden through material flows.

3.5 Investigation of sustainable trade flows. Those transregional material flows should
be defined which will be necessary in the future for reasons of sustainability. In order to search for
a sustainable basis for imports and exports, material flow related criteria will have to be elaborated
which determine the environmental, economic and social benefit of traded products versus
domestically produced products (see also point 2.4).

3.6 Developing tools for establishing material consultancies. Tools should be
developed that for instance enable consultance bureaus to extend their scope by supplementing
information on material flows and stocks. A starting point could be the material flows associated
with the supply and consumption of energy (e.g. by wind energy converters or passenger cars,
resp.). Further steps could include material flows for construction, maintenance of buildings, for
nutrition, and for service delivery in general.

3.7 Developing a routine check for political measures. Any political measure that is
intended to support an environmentally sustainable development on the (supra-)national, regional
or local level should consider also the effects on the societal metabolism. A MFA based
information and decision support system should be developed that supplements the EIA scheme for
plans and programs. Progress towards this end will depend on results to point 1 as well as on
further documentation of the necessity and use of MFA.
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