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INTRODUCTORY NOTE BY THE SECRETARIAT

This document is part of the OECD work programme on materia flows (MF) and resource productivity

(RP)" that supports the implementation of the OECD Council recommendation on MF and RP adopted in April
2004. 1t has been drafted for the OECD Secretariat as part of a series of guidance documents on "Measuring
material flows (MF) and resource productivity (RP)", including:

A guide on how to measure material flows and resource productivity. It is targeted at a non expert
audience. It includes (i) an overall framework for materia flow analysis (MFA), (ii) a description of
different kinds of measurement tools, including accounts and indicators, articulated according to their
purposes and uses, (iii) a discussion of those issues and policy areas to which MFA and material flow
indicators can best contribute, and (iv) guidance on how to interpret material flow indicators. (Volume

D).
Technical guidance manuals on material flow accounts. These documents are targeted at an expert

audience. They describe the theoretical accounting framework (Volume 11%) and provide technical
guidance on how to construct national MF accounts (Volume I11: Implementation guide®).

These documents are accompanied with a glossary of terms related to Material Flows and Resource
Productivity (ENV/EPOC/SE/RD(2005)2/REV 1) and other Annexes.

They are further complemented with:

An overall report on material flowsin OECD countries. It includes (i) a description of progress made
in implementing the OECD Council Recommendation within 3 years of its adoption, (ii) an updated
survey of country activities and (iii) afirst andysis of MF in OECD countries based on data available
from national and international sources. It will be accompanied by a summary note to the OECD
Council.

A brochure on the uses of MFA and related indicators. It is targeted at users of material flow
information including policy makers, business and the public.

This document includes major elements of Volume Il. A Theoretical Framework for Material Flow

Accounts and for their applications at national level. It is a revised version of document
ENV/EPOC/SE(2006)4 submitted to the OECD Working Group on Environmental Information and Outlooks at
its latest meeting (Vienna, October 2006). It has benefited from:

Discussions at the OECD workshops in Helsinki (2004), Berlin (2005) and Rome (2006);

Comments provided by MFA experts, viathe OECD e ectronic discussion group (EDG) on MF and RP, on
an early draft and on a discussion note envisaging the developments necessary to broaden the range of
approaches covered by this first draft in order to have a unitary framework able to encompass all MFA
tools, as requested by the WGEIO;

Discussions at the Eurostat MFA Task Force meeting of 4 December 2006.

1

Included in the Environment Policy Committee’s programme of work and in the OECD's horizontal programme on sustainable development

steered by the Annual meeting of Sustainable Development Experts (documents ENV/EPOC/SE(2004)3FINAL, SG/SD(2005)4).

2 Prepared in co-operation with Eurostat and in consultation with the UN Committee of Experts on Environmental-Economic Accounting
(UNCEEA) and the London Group on Environmental Accounting.

% Prepared jointly with Eurostat.
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This document provides a theoretical and technical description of the concepts and principles of MFAcc
and of their specification and application at the national level. It is designed to be used by an expert audience
(material flow experts, statisticians, national and environmental accountants, researchers). It is not meant to
innovate with respect to the existing tools belonging to the MFAcc family nor to promote a particular tool in this
family. It is rather intended to encompass the different tools — which are acknowledged as having each its own
meaning and usefulness — into a comprehensive framework, as to make their mutual relationships explicit and
promote their harmonised and integrated development. It:

— Describes first a general accounting framework valid for MFAcc applications at any aggregation level
(chapter 1), encompassing all MFAcc tools discussed in Volume | of the Guidance Manua and
proposing Physical Supply, Use and Input-output tables as a general accounting/bookkeeping
framework, that could be successfully applied aso for applications based on the material balancing logic
inwhich it is not currently used (e.g. in Substance Flow Accounting).

— It then focuses on its applications at the national level, starting with some general remarks (chapter 2)
and with the theoretically sound and SNA-coherent scheme (chapter 3), with which all partial or
aggregate applications should be coherent or with respect to which — in case departure from coherence
be felt as necessary — differences should be declared. Thisideal schemeis set up gradually, building up
it step-by-step from the aggregate to the detailed, and forms in the end a comprehensive and detailed
material flow accounting scheme; sample tables are widely used in this section, with adidactical intent.

— It subsequently deals with a quite widespread form of partial implementation of the complete accounting
scheme which allows bringing in more detail in terms of environmentally relevant disaggregations of the
flows by activity, namely NAMEA-like tables (chapter 4).

— It finaly discusses Economy-wide MFAcc (chapter 5), which is the most common application of MFAcc
at the nationa level, showing its relation to the ideal framework, highlighting the extensions and
reductions of the observation field it introduces, and presenting bridge tables to allow reconciliation of
this scheme with the ideal one, by extending the examples of chapter 3.

This document has been drafted by Aldo Femia building mainly on chapter 3 of the ‘Integrated
Environmental and Economic Accounting 2003’ handbook (SEEA 2003, United Nations et al.) and on Eurostat’s
Metholodogical Guide “Economy-wide Material flow accounts and derived indicators’. Chapter 4 is largely
based on a text provided by Karl Schoer. Heinz Schandl provided a first draft on the EW-MFAcc approach
(Chapter 5). Please note that:

— The basic principles of the SEEA — particularly the coherence with the SNA — have been retained and
further specified as appropriate in chapter 4, while adapting their presentation to the needs of a broader
audience;

—  This document has not been designed to become a statistical standard nor to be incorporated as such in
the revised SEEA. The spirit is rather to provide elements of guidance to countries and to contribute to
the SEEA revision by providing a basis for discussion and further development.

— Though still needing completion or refinement, harmonisation of some terms and tables, and English
editing, it is meant to be a next-to-final version as regards its approach, basic structure and contents;

—  The expert consultation process viathe EDG will continue until finalisation of the document;

— Matters of practical implementation of the accounting schemes do not belong to this part of the OECD
Guidance Manual, but will be dedlt within Volume 11 prepared jointly with Eurostat.

Experts are asked to discuss this document and in particular:

1. Suggest possible enhancements of the overall approach, structure and contents of this part of the
guidance manual.
2. Suggest possible topics to be tackled for more detailed description in Chapter 3 to Chapter 5
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“Onorea piccone e ai suoi piu moderni equivalenti:
sono tuttorai pit importanti intermediari nel
millenario diaogo fragli elementi el’ uomo”

Primo Levi, Il sistema periodico, Carbonio

INTRODUCTION

1 The present volume of the guidance manual provides a theoretical and technical description of the
concepts and principles of Material Flow Accounting (MFAcc) and of their specification and application at
national levd. It is not meant to innovate with respect to the existing tools belonging to the MFAcc family
nor to promote a particular tool in this family. It is rather intended to encompass the different tools —
acknowledged as having each its own meaning and usefulness — into a comprehensive framework, making
their mutual relationships explicit and promoting their harmonised and integrated devel opment.

2. It first describes a general accounting framework valid for the accounting of material flows of any
kind of entity and at all aggregation levels, encompassing all MFAcc tools discussed in Volume | of the
Guidance Manual (Chapter 1); it thereby proposes Physical Supply, Use and Input-output tables (PSUTs and
PIOTs) as a genera accounting/bookkeeping framework, that could be successfully applied aso in those
applications based on the material balancing logic in which it is not currently used (e.g. in Substance Flow
Accounting). It then focuses on the application of these concepts and principles at the national level (Chapter
2 to Chapter 5), starting with some general remarks (section 3).

3. Chapter 3 introduces a theoretically sound and SNA-coherent scheme (section 4), with which all
partial or aggregate applications should be coherent or with respect to which — in case departure from
coherence be felt as necessary — differences should be declared. This ideal scheme is set up gradually,
building up it step-by-step from the aggregate to the detailed, and forms in the end a comprehensive and
detailed national material flow accounting scheme. Sample tables — progressively more complex and
complete — are widely used in this section, describing the system at various disaggregation levels. This
genera accounting framework for NMFAcc is developed in full coherence with the System of National
Accounts (SNA). The relationship between NMFAcc and monetary National Accountsis clarified in order to
allow correct comparison between materia flow and monetary data.

4, It subsequently deals with a quite widespread form of partiad implementation of the complete
accounting scheme, namely NAMEA-like tables (section Chapter 3.6.6), discussing their advantages with
respect to the full-fledged PIOT. Thiskind of applications, while being partial, alow bringing in arichness of
detail in terms of environmentally and economicaly relevant disaggregations of the flows which is not
possible in more complete applications. We finally discusses Economy-wide MFAcc (Chapter 5), which is
the most common application of MFAcc at the national level, showing its relation to the ideal framework,
highlighting the deviations from full coherence with the SNA in terms of the extensions and reductions of the
observation field it introduces, and presenting bridge tables to alow reconciliation of this scheme with the
ideal one, by extending the examples of Chapter 3 [bridge tables are to be developed] This kind of
applications, while being highly aggregate by activity, allow keeping both completeness and high level of
detail by material as for the coverage of the flows crossing the boundary between nature and the socio-
€conomic system.

5. The present volume of the guidance manual has adidactical intent, though the matter remains a non
trivial one and is dedlt with at a theoretical and conceptual rather than practical level. Though directed to
would-be practitioners of MFAcc it is therefore not meant to guide in the practica implementation of any
particular MFAcc scheme, asthisisthe purpose of another part of the guidance manual.
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Chapter 1. GENERAL CONCEPTUAL AND METHODOLOGICAL
FRAMEWORK

6. The present chapter provides the basic concepts and principles of all MF accounts. These concepts
and principles are at the basis of the description of the material metabolism of al kinds of entities. They are
introduced in the present chapter without reference to any particular entity or material and they may be used
for al kinds of MFAcc described in Volume | of this manual.

7. Though this part of the manual is developed to support the description of socio-economic material
flows its basic concepts and principles can equally well be applied to other entities, e.g. to ecosystems or
territorial entities defined in purely geographical terms. They can also be applied to the study of the life-cycle
of any kind of material and can be applied at any level of detail (e.g. in geographical or palitical terms). In
order to underline their generality in The present chapter we will not necessarily use examples drawn from
the functioning of the socio-economic system. In Chapter 3, however, they will be applied to the nationa
socio-economic system and further specified, in order to adapt them and their exemplification to the
description of this specific system’s metabolism.

1. Materials and activities

8. Theterm “materials’ is used here to designate all materia things, at whatever level of specificity or
aggregation they may be considered and dealt with in a physical accounting scheme, i.e. from the individual
chemica elements to the overall materid throughput of the focus system. Different individual materials and
kinds of materials may be identified as being relevant in view of the purposes of the analysis, i.e. different
classifications of materials may be relevant in different contexts. The materias may be the subject of an
MFAcc individually or collectively, jointly or distinctly. The coverage of materials in an MFAcc may be
complete or only concern specific materials or sets of materials (e.g. those causing a specific environmental
degradation phenomenon or those for which there are supply security concerns or those involved in the
metabolism of aliving entity).

9. The term “activity” is used here to designate any natural process or human action that immediately
implies a change in the physical status (location or composition) of some matter. Different kinds of activities
may be identified as being relevant in view of the purposes of the analysis (e.g. human activities vs. natural
processes, economic vs. non-economic activities among the former, and industria vs. non-industrial activities
among the economic ones) and be dealt with individually or collectively, jointly or distinctly. The coverage
of activities in an MFAcc may be exhaustive or only concern specific activities or sets of activities (e.g.
human consumption activities only).

10. The same matter usually appears in different forms and with different roles at different stages of its
lifetime and is embodied in severa different materials at different times, according to the different activities
inwhich it isinvolved, its provenience and destination, etc. e.g. the same atom of carbon may first be trapped
in limestone, then, roasted, emitted as CO2, then linked by photosynthesis with other similar atoms in a
glucose molecule then again burnt to CO2, etc. According to their varying nature, materials and material
flows take different names, and specialised terms fitting the specific aims of the analysis are used in different
contexts. In the following the most general kinds of flows will be identified and the corresponding terms
adopted for general use.
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2, Systems and subsystems

11. The material world is a unitary entity. However, in order to be able to describe and understand its
functioning, it is useful to divide it into parts, which we will cal systems. In this manua we will refer to
systems that are digtinct and non-overlapping parts of the world, even though such neat separations are
sometimes quite arbitrary®.

12. MFAcc usually focuses on the physical functioning of one system. The focus system has to be
carefully defined and identified from the rest of the physical world. The focus system and its identification
and dedimitation depend on the problems to be tackled and on the available knowledge and policy
instruments, as clarified in part |, different MFA tools focus on different systems, that are defined at various
levels of aggregation and specificity, by material and by activity.

13. If the am of an MFAcc is to describe the circulation of materials inside the focus system it is
necessary to differentiate its activities, in order to be able to “capture’ the materials as they pass from one
activity to another; it may also be useful to define the relevant subsystems, i.e. the subsets of its activities and
stocks that are of specid interet for the anaysis. Subsystems will be defined here as distinct, non-
overlapping and jointly exhaustive parts of the system they belong to.

14. The concepts introduced in The present chapter have a degree of generality that makes them
suitable for describing the materia flows of any subsystem of the socio-economic system as well as of any
other system. In Chapter 3, however, systems and subsystems will be identified by combining the physical
concepts presented in The present chapter with National Accounting concepts. The use of the latter allows
maximising the usefulness of MFAcc in relation to many of the objectives and uses discussed in part |,
especialy of those MFAcc that describe the materia flows of whole national socio-economic systems, be this
description partial or total, aggregated or disaggregated.

3. Flows and stocks

15. In MFAcc the term flow is used to identify and describe the exchanges of materials between and
within activities, systems or subsystems. Flows are measured with reference to the accounting period. The set
of flows of a system are also called its material metabolism.

16. Given a well defined accounting period (usually a calendar year) the stocks of a system may be
defined as materials that do not leave the system within the same accounting period in which they enter it.
Stocks are measured with reference to a point in time, e.g. the beginning or the end of accounting period.

17. Stocks result from the net accumulation of prior flows, and they may be changed by the flows of the
current accounting period. Some activities carry out accumulation functions (thereby comprising negative
accumulation, i.e. subtraction from stocks). However, the materials are accumulated through them in the
systems and subsystems and not in the activities themselves. As a consequence, activities as such do not have
stocks and are only characterised by their flows. For simplicity, we will assume that the accumulation
functions are carried out by specialised activities only®, and therefore distinguish transformation activities
from accumulation activities.

* In principle, subdivisions based on fuzzy set theory (e.g. for activities which are not entirely dominated by human action nor entirely dominated
by natural forces) could be also adopted, but thisis not the case here.
5 Conceptually, it is always possible to distinguish the accumulation aspect and to deal with it aswith a different activity.

9
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4. Internal, cross-boundary and external flows

18. The internal flows of an entity (activity, system or sub-system) are flows which do not involve
other entities. The exchanges of a given entity with other entities are its cross-boundary flows. Exchanges
between two different activities or subsystems belonging to a same system are cross-boundary for the activity
but internal for the system to which they belong. Exchanges not involving a given activity, system or
subsystem are external toit.

19. Internal flows of the individual activities can be reported in an MFAcc only to the extent that the
basic data refer to smaller components, which we will call “units’ (e.g. data on the internal flows of an
economic sector can be reported only if information is available on the exchanges between the different units
belonging to it).

5. Systems’ identification and boundaries

20. A material system can be thought of as a collection of stocks and activities which respectively
belong to and are carried out in it. When a system isidentified, a boundary is defined between it and its outer
world. Given a well-defined boundary between two systems, the material stocks belonging to each of them
are distinguished, and the material flows between the systems are identified (cross-boundary flows).

21. A collective characterisation of the cross-boundary flows allowing to identify the materials entering
or leaving the focus system (e.g. “materials entering/leaving the system are all those absorbed/released by
plants’) is equivalent (dual) to the definition of the boundary itself, as aso is the complete enumeration of the
cross-boundary flows. In other words the flows identified as cross-boundary flows implicitly define the
boundary and vice versa. E.g. if the flows of nutrients from the soil to a plant are defined as cross-boundary
flows from system A to system B, then the boundary is where the roots meet the soil; equivalently the same
boundary is defined by saying that the soil and its nutrients belong to system A while that the plant itself isa
stock of system B. If on the contrary this flow of nutrients is not defined as a cross-boundary flow, then the
soil and the plant belong to the same system and the flow is an internal flow of one of the two systems (may
be either A or B; additiona information on the boundary between the two is necessary to know each one).

22. The focus system of an MFAcc may also be defined on the basis of a set of materids, e.g. asthe set
of dl the activities that exchange, accumulate or transform a given substance. The accounts may include al
materials involved in these activities or only the materials of interest.

6. Open and closed material systems

23. Material flows that cross system boundaries create connections between systems. An open material
system exchanges materials with its outer world. A closed material system, on the contrary, is a system that
has no cross-boundary flows. For example, the economic system is open towards the rest of society, to which
it supplies goods and from which it takes waste for management; the union of these two (sub)systems —i.e.
the socio-economic system — is open towards the natural system, seems it takes resources from it and gives
residuals back to it; the union of the latter two is clearly a closed system, as it encompasses everything that is
material. Certain accounting identities hold for closed systems that are not valid for open ones.

24, It is aways possible to deal with the focus system as with a subsystem of awider closed system. No
additional information is necessary for thisif the accounts describe all the exchanges of the focus system with
its outside world, which is usually the case. This allows to make reference in the accounting to the identities
that are valid for closed systems. This can be done by explicitly including in the accounting scheme entries
for dl the systems with which the focus system exchanges materials, though limiting the description of the
flows of these other systems to the materials that they exchange with the focus system.

10
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7. Material inputs and outputs

25. One genera characteristic of all material flowsis that they have well-defined directions relatively to
the activities, systems and subsystems that exchange the materials. A flow entering an activity or a system or
asubsystem is caled a material input to them and aflow exiting them a material output from them. An input
isause and an output is a supply of the activity or the system or subsystem.

26. The concept of flow entering (input) or exiting (output) an entity may be ambiguous, as it depends
on the way the entity islooked at, and in particular on whether it is considered:

» Asan aggregated black box;
» Astheresult of the juxtaposition of several smaller entities.

27. In the black-box case inputs and outputs are only the exchanges of the entity with the outer world,
i.e. its cross-boundary flows. In the second case one may want to refer either only to the cross-boundary
flows of the entity or to all the inputs and outputs of the smaller entities composing it, including the flows that
are internal flows of the entity as awhole. This has also consequences for the measure of total flows of the
systems and subsystems (see section 13). Therefore it is recommendable to aways specify whether these
interna flows are included among the inputs and outputs or not.

28. Material flows are also connected in sequences chronologically and causally ordered, which must
be considered in order to identify consistent system boundaries. E.g. if the branches cut from a plant are
considered as an input from system A to system B, the flow of nutrients from the soil to the plant is an
internal flow of system A, and the parts of the plant which are not cut continue to belong to this system.

8. Used and unused materials

29. Materials that are not inputs to the focus system (i.e. are not taken into it and do not cross its
boundary) are left unused in its outer world. Besides actually using materials in order to transform them and
obtain other materids, however, the focus system (its activities) may simply displace materials that are
outside of it, without taking them into it. As an example, let us consider an ant community building its
underground galleries: the soil dug is not used by the ants, it is Smply removed. Its flow is nevertheless
immediately due to ant activity and it may be meaningful to record it in a material flow account of the “ant
community” system. Though these unused materials do not physically enter in the activity that moves them
(i.e. as neither inputs nor outputs), it is convenient, if the purposes of the account require keeping track of
them, to record them both on the input and on the output side of the activity’s MFAcc, i.e. to deal with them
as if they were materias that enter the activity as inputs and immediately leave it as outputs without having
been transformed, differently from used materials.

9. Direct and indirect flows

30. The direct flows of an activity (or system or subsystem) are its immediate inputs and outputs as
well asthe unused material flows it immediately causes. The flows included in an MFAcc are usualy limited
to the direct flows of the focus system, namely its cross-boundary flows and some of itsinternal flows. It may
be necessary, however, for the purposes of an account to refer to a broader concept of “material flows of a
system” in order to cover al flows necessary to that system'’s activities by including some flows which take
place outside the focus system but are “indirectly due” to it.

31. The concept of indirect flows is an analytical concept and not an accounting concept in the strict
meaning of the term. Indeed, it is based on the idea that there are precise aims and final reasons for the
materia flows, and that these aims and reasons are in the achievement of some particular states of the matter
or the realisation of some particular activities. These are not objectively identifiable in a purely descriptive
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system such as an MFAcc. On the contrary their identification usually precedes and conditions the building of
the accounting system. In most cases this conditioning is limited to the way the focus system is disaggregated
into activities and subsystems, but may also entail the explicit inclusion of indirect flows in the accounting
schemes, following the definition of “indirect” most suited to the purposes of the analysis.

32. The concept of indirect flows of an activity may refer to inputs, outputs and unused flows. It makes
reference to a functionally ordered chain of activities leading to that particular activity. Generally speaking,
the indirect material flows of an activity are the materials that have been used or moved system-wide in order
to realiseits (material and non-material) inputs, but are not embodied in these inputs. They can be distinguish
into those that crossed the system boundary (used indirect flows) and those that did not (unused indirect
flows). Though in principleit may be referred to al the flows connected to “upstream” activities, at all stages
of the chain, it is used usudly to indicate only the flows that take place at the system boundary. In this case,
the same matter is not included more than once in the indirect flows of an activity.

33. By extension, indirect flows are often attributed to some of the outputs of an activity, which are
considered to be the aim and purpose of the activity itself. This typicaly is referred to the useful or desired
results of human activities, i.e. to the material and immateria products of economic activities (i.e. both goods
and services) as well as to the needs satisfied as a result of final consumption activities (e.g. to calculate the
Materia Intensity per Service Unit, MIPS). Their indirect flows are the materials that have are not embodied
in them but have been used or moved system-wide in order to obtain these outputs —i.e. to enable the activity
that provides them — including what ends up in the other outputs of the activity, which are considered
unwanted, but unavoidable, by-products.

10. The law of matter conservation and the material balance principle

34. One basic feature of material flow accounting is the attempt to reach balance by integrating the
input side, the output side and the net additions to the stocks in order to describe the material metabolism of
human and natural systems. Thisis done by exploiting the identities provided by the application of the law of
matter conservation to activities, systems and subsystems. According to this law — as formulated by
Lomonosov and Lavoisier in the XVIII century — matter is neither created nor destroyed in any natural
process or human action. MFAcc is based on the application of the consequent material balance principle.
Though we know (from Einstein’s specid relativity) that a tiny portion of matter is transformed in energy in
some activities, this quantity is so small that for the purposes of material flow accounting it is sufficient to
consider matter only and to measure everything in mass units. The supply-use, input-output and material
accumulation algebraic identities that derive from the law of matter conservation are at the basis of all
MFAcc schemes.

35. Supply-use identities: since an input of an activity or of a system is always necessarily an output of
another activity or of another system, and an the output of an activity or of a system is always necessarily an
input of another activity or of another system, the quantities of a given material made available (supplied) and
those absorbed (used) by all activities and systems are identical.

36. Material accumulation identities. another consequence of matter conservation is that the quantity of
materials accumulated by an activity, or in asystem, in a given period — defined as the difference between the
mass of its fina and its initial total stocks— is equal to the difference between the inputs and the outputs of
that activity, or system, during that period. Moreover, the quantity of the materials accumulated in asystemis
necessarily the same as that of the materias subtracted from al other systems (the accumulated materials
may however be of a totaly different kind of the subtracted ones, as a consequence of the physica
transformations taking place in the activities; e.g. oil may be subtracted from natural reserves and plastics
accumulated in the socio-economic system). A corollary of thisisthat in a closed system, there can be no net
formation of stocks: its stocks may be transformed and may shift between subsystems, but on the whole the
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total stocks of the system remain unchanged, e.g. the quantity of materials accumulated by ants is equal to
that subtracted by them to the environment.

37. The identity between the quantities of materials accumulated in the stocks of a system and those
subtracted to the stocks of al other systems is also applicable at the level of the individual materials when
these are not transformed into different materialsin the activities but only flow between them (e.g. potassium
atoms: their total number remains constant, and therefore so much potassium is accumulated in asystem asis
subtracted from al other systems). More in general, this identity holds for al quantities to which a
conservation law applies. In all other cases, e.g. for materials that are transformed in the activities (e.g.
chemical compounds that are broken and recomposed in different substances), the materials accumulated in a
system will be qudlitatively different from those subtracted from the others, though the quantities must match.

38. Input-output identities: for transformation activities the material accumulation identity boils down
to an identity between the total mass of the inputs and the total mass of the outputs: indeed by definition these
activities do not carry out any accumulation function, and all that goes into them must aso leave them within
the accounting period.

39. Y et another consequence of the law of mass conservation is that the total quantity of all the indirect
inputs of an activity and the total quantity of its indirect outputs are identical. Indeed, if the indirect inputs
have not been passed on to the next activity in the chain (i.e. embodied in the product for whose realisation
they have been used) they must have been embodied in some other output and vice versa.

11. The different meaning of the balancing for materials and transformation
activities
40. The materia baance has very different contents and meaning depending on whether it concerns the

flows of a specific material (e.g. lead, wood, etc.) the flows of a transformation activity (or of a system
containing at least one such activity; e.g. anationa economy).

41. In the first case the two sides of the account refer to a homogeneous, non-transformed item, as both
contain data on one and the same material. The account only captures the two different aspects or sides of the
same flows, i.e. the supply and the use of this homogeneous item. The only difference between the data on
the two sides is in the distribution of the total quantity, broken down by supplying activities and by using
activities respectively. Aggregation on each side, and comparison between the two, is intrinsically non-
problematic as there is only one homogeneous material involved. This is a supply-use identity and is
analogous to the economic notion that the effective demand for a product sold and bought on a market is
identical to its supply (market-clearing condition).

42. In the second case the materials appearing on one side of the account are physicaly different from
those appearing on the other side, as the balance refers to a transformation process in which the outputs are
the joint result of the inputs combination. Moreover, the materials entering the activity (input side) are
usualy not homogeneous among them, nor are the ones exiting from the activity (output side). The
formulation of this kind of balance requires that the flows of the different materials be measured in
homogenous units expressing invariant quantities. Moreover, it requires that these non homogeneous
materias, thus measured, be summed together, on the input and on the output side, so that they can be
compared and the existence of the balance verified. The case of the balance for a system where both
transformation and accumul ation activities take place is fully analogous, only aso the changes in stocks have
to be considered. The input-output identity is anal ogous to the economic notion of product-exhaustion for an
economic production activity.
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12. Representation of material flows through physical supply-use and input-
output tables

43. The genera representation scheme adopted here is that of physical supply-use tables (PSUTSs) and
physica input output tables (PIOTS). These are analogous to the supply-use and input-output tables defined
in the SNA (ch. XV) but they are not necessarily limited to economic products, as the range of materials
covered by PSUTs and PIOTs is usualy broadened in order to describe also flows that do not immediately
correspond to economic value flows (see section Chapter 3.4). On the other hand, PSUTs and PIOTs do not
cover immaterial flows (such as e.g. financial flows) and therefore do not cover activities that do not involve
meaterials directly.

44, The quantities reported in PSUTs and PIOTs may represent the actuad mass of the materials
themselves, or be referred to some specific chemical element or substance contained in the material. The
identities discussed in the following are valid for whatever measure of the matter concerned may be included
in the tables, provided that is subject to a conservation law such as that to which matter as awhole is subject.
In particular, it may be useful to congtruct tables referred to the flows of a specific chemical eement (e.g.
mercury) that may be contained in different materias at different stages of its life cycle. These flows may
equally well be measured as number of atoms or as mass of that element, as both do not change in the
activities described®.

12.1. Physical supply-use tables (PSUTs)

45, PSUTs have two dimensions for the specification of the flows: one for the different materias
observed and the other for the different activities covered. They show in mass units the quantities of the
different materials made available (supplied) and the quantities absorbed (used) by the different activities.
Such tables mainly differ in the meaning of the data reported: the supply table shows for each activity and
material the quantities made available by that activity of that material, while the use table shows for each
activity and material the quantities absorbed of that material by that activity.

46. Material supply-use tables usually focus on the description of the flows of a given system (the focus
system) which is at the centre of the attention. However, in order to represent the exchanges of the focus
system with other systems it is necessary to include rows and columns for activities that do not belong to it
but supply and/or use materials that are used or supplied by the focus system. If rows and columns are
included for all relevant external activities the representation is equivalent to that of a closed system of which
the focus systemisin fact a subsystem. In the simplest case, dl relevant external activities can be collected in
a single heading of the supply and use tables, entitled to all that is outside the focus system. However, this
will not alow the analysis of the digtribution of the cross-boundary flows according to the external entities
that supply or absorb the materials, nor of the possible effects on the various components of the outside
world.

47. In the following we will make reference to supply and use tables with the materials specified and
detailed in the rows and the activities specified and detailed in the columns. At the bottom of the use table, we
will record the difference of the total uses and supplies by activity (i.e. between each activity’s total inputs
and its total outputs), which gives the total net accumulation of materials in the activity. The tables are
otherwise formally identical, athough they show different things. In PSUTs that give complete and
exhaustive coverage of a closed system’s materia flows and activities, the identities provided by the law of
matter conservation and the material balance principle can be thus expressed:

—  For the generic material i the sum of all cells of the i-th row of the supply table must be identica to the
sum of all cells of thei-th row of the use table (total supply of thei-th material equal to itstotal use)

5 Remember that nuclear transformation has been excluded at the outset from our observation field.
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For the generic transformation activity j, the sum of al cells of the j-th column of the use table must
be identical to the sum of the j-th column of the supply table (total input of the j-th activity equal to

itstotal output)

For the generic accumulation activity k, the net accumulation (difference between the total of the k-
th column of the use table and the total of the k-th column of the supply table, i.e. total input minus
total output of the k-th activity) must be identical to the opposite of the net accumulations of all
other accumulation activities. Indeed, in a closed system the total accumulation must be null, i.e. the
net accumulations of the different activities must compensate each other.

Table 1.1 provides aview of the theoretical tables for such a complete closed system.

Table 1.1 — Generic physical supply and use tables

ACTIVITIES
Transformation Accumulation
USE TABLE TOTAL USE BY
1 2 j k m MATERIAL
1 ) -
2 Quantity of material i
used by activity j
. quantities of material i
. ! " used by the different activities
-
<
x
w
<
=
n
TOTAL INPUT BY quantities of
ACTIVITY the different
Balance by activity materials used
(tot. input- tot. output = 0 0 0 by activity j 0 0
net accumulation)
ACTIVITIES
SUPPLY TABLE Transformation Accumulation TOTAL SUPPLY BY
1 2 j k m MATERIAL
1
2 Quantity of material i
supplied by activity j «_
) quantities of material i
1} ! " supplied by the different activities
<
x
w
<
=
n
TOTAL OUTPUT
BY ACTIVITY quantities of
the different
materials
supplied by
activity j
49. Material supply-use tables can in principle be applied at any level of material and activity detail,

according to the objectives of the analysis. They can be applied also with any degree of material and activity
coverage. However, the identities specified above will in genera not be respected in an incomplete or non
exhaustive PSUTs pair. Even in these cases, nevertheless, local completeness and/or exhaustiveness
conditions may be respected. In particular:

for the supply/use identity to be applicable to the data on the flows of a specific materid, it is
necessary and sufficient that the supply table cover the whole set of activities that supply it and that
the use table cover the whole set of activities that use it. In this case, the total quantity of the
material made available by al activities (reported on the right of the supply table) must be equal to
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the total quantity of the material absorbed by all activities (reported on the right of the
corresponding row of the use table).

— for the input/output identity to be applicable to the data on the flows of a specific transformation
activity, it is necessary that the use table cover the whole set of materials that are used or moved by
the activity, and that the supply table cover the whole set of materials that the activity provides or
moves. In this case, the total quantity of all materials made available by the activity (reported at the
bottom of the supply table) must be equal to the total quantity of the materials absorbed by the
activity (reported at the bottom of the corresponding column of the use table).

50. Neither global completeness nor global exhaustiveness are therefore necessary requirements for the
construction of PSUTSs. For instance, it is possble to construct them limiting attention to some materials
and/or to a specific set of activities, for which one may then want to respect the balancing conditions, even
with some approximation. As long as the possibility of reading them jointly by making reference to the
balancing principles seen above is preserved, also partial PSUTSs constitute an accounting system with avalue
added with respect to simple “material by activity” tables. Finally, it is always possible to complete a PSUTs
structure by adding an “other materialS” row entry as to make it complete by closing the system with the “rest
of theworld” activity column.

12.2. Physical input-output tables (PIOTs)

51. Also physica input output tables (PIOTS) have two dimensions for the specification of the flows:
one for the activitiesin their materia supplier’ s role and one for the (same) activitiesin their user’srole. They
represent the circulation of matter between the different activities, showing the direct exchanges of materials
between them in a matrix form. Its rows show the quantities of materials provided by each activity while its
columns show the quantities of materials absorbed by each activity.

52. If an accounting system has both PSUTs and PIOTSs, the activity headings of the latter and even the
criteria for the definition of the activities in the PIOT, need not necessarily be the same as in the
corresponding PSUTs. However we will refer to a simple system where PIOT row and column headings are
identical to and have the same meaning as the column headings of the PSUTSs.

53. Differently from the PSUTS, in a PIOT representing all flows, these flows cannot be detailed
according to the kind of materid in PIOTSs, since both dimensions of the table are already occupied by the
activities. In order to encompass al flows, aggregation of the different materials is necessary. This
necessarily results in aloss of information; this loss is compensated however by the possibility of knowing
for each activity which activities supply materials to it and at the same time which activities use the materias
it provides. This dlows exploring the physical interrelations that directly link the activities and that are
hidden behind the supply and use tables. Such knowledge isimportant e.g. for the analysis of indirect flows.

54, In order to reduce the loss of information due to aggregation, it is possible to construct partia
PIOTs, concerning different materials or material groups. No information at all islost with respect to PSUTs
(on the contrary there is more) if different PIOTs are constructed for each of the different materials that
appear in the supply and use tables. A complete and exhaustive representation scheme would idealy
comprise an input-output table for each material. All these tables together would form a three-dimensional
table, with @) supplying activities, b) using activities and c) materials in the three dimensions.(PSUTs would
in this case be totally superfluous). However, this may not only be very difficult to realise but also it may be
difficult to use information so detailed, since the system gets quickly very complex.

55. If a one-to-one correspondence exists between each of the individual activities and individual

materials or material groups, i.e. specific materials or material groups univocally identify specific activities
and vice versa, two of the three dimensions become interchangeable, and there is no need for aPIOT, as this
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would not provide additional information. E.g. if each activity only had one output, given by that activity
alone, the use table would coincide with the PIOT, in the sense that it would suffice to substitute the names of
the materials in the headings of its rows with the names of the unique activities that give them. In general
however this is not the case and the PIOTs embodies additional information with respect to PSUTSs. Its
construction then requires the use of additional sources of information, or the reduction of the complexity by
the adoption of ad hoc hypotheses on the relations between activities and materiads. The latter is the usual
way of construction of input-output tables, thought not necessarily the only one.

56. InaPIOT the input-output identity for transformation activitiesis expressed as the identity between
row and column totals: thisis exactly the same input-output identity given by the identity of the column totals
of supply and use tables, and is therefore subject to exactly the same completeness condition, i.e. al the
materials involved must be included in the table (even if they are not detailed by kind)’. Accumulation
activities will show in PIOTs an imbalance between inputs and outputs exactly as in the totas of the supply-
use column pairs entitled to them.

57. A PIOT for a single material or referred to a limited group of materials will generally not be
balanced (i.e. a transformation activity’s total inputs will not match its total outputs) and the extent of the
imbalance (which may be recorded in an additiona row or column) will depend on the extent to which the
transformation activities use inputs and/or supply outputs that do not belong to the materials group. However,
in a complete collection of non-overlapping and exhaustive PIOTs for a closed system, al the imbalances
must compensate each other for each and every transformation activity, and also the total imbalance of al
accumul ation activities must be null.

13. Treatment of systems’ internal flows, aggregation by activity and the
measure of total flows

58. Thetotal flows of asystem or subsystem are given by the sum of two types of flows:

» Theflows between it and the other systems or subsystems (its cross-boundary flows)

» ltsinternal flows. Thesein turn may be distinguished into:

o Theflows between its individual activities (their cross-boundary flows that are internal for
the system or subsystem);
o Theinternal flows within each of itsindividua activities (their internal flows).

59. The measure of the total flows of a system or subsystem recorded in an accounting scheme is
independent from its aggregation by material, but may be dependent on the aggregation by activity. It will be
independent also from the latter only if itsinternal flows are included in a way that does not make their total
measure change depending on the aggregation by activity. Thisisthe case for instance when the flows of the
individual activities are measured and reported with reference to smaller invariant individual units.

60. In the case that only the cross-boundary flows of the individual activities are reported in the
accounts, the total flows recorded for the systems and subsystems to which they belong will vary according to
the aggregation by activity of the account. In order to clarify this, let us make reference to two accounting
schemes, representing the same situation at two different aggregation levels, so that one of the two
encompasses the other, and that we do not report the internal flows of the specified activities in neither of the
two. For instance, |et the less detailed scheme be obtained by consolidating two activities of the more detailed
one. Now, when this consolidation is done, the mutual exchanges of these two activities (assuming they are
not null) will not be visible in the resulting scheme, as they are not cross-boundary flows anymore but
internal flows of the new activity resulting from the consolidation. As such, they will not be reported, so that

" For al materials to be included, all activities of provenience and destination of these materials must be included, since in the PIOT the materials
are detailed by activity of provenience/destination.
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the total flows recorded in the less detailed scheme are lower than those recorded in the more detailed one.
The total flows recorded in the two schemeswill be the sameif both schemes report the internal flows of their
respective individual activities measured with reference to the same individual units.

61. The measure of an individua activity’s interna flows heavily depends on the way these flows are
measured, i.e. on the definition of its units, at the crossing of whose boundaries the flows are surveyed, while
thisis not the case for the flows between the activities.

14. Net flows and aggregation by material
62. Generally speaking, the net supply of a system is defined as its (gross) supply minusits use, and its

net useis defined, in a mirroring way, as its (gross) use minus its supply. The net supply and use of materials
of each of the activities, systems and sub-systems included in an accounting scheme can however be defined
according to various perspectives. In particular, these concepts can be applied at various aggregation levels
by material.

63. In an aggregate materials perspective, no distinction is made between the different materials or
kinds of materials, so that al the material uses of an activity are summed together, and so are dl its material
supplies, before calculating its net material use or supply. In this case the net use flows of the systems
coincide with their respective (net) aggregate material accumulations. Their net supply has the same absolute
guantity but opposite signs.

64. In a homogeneous materials perspective materials are grouped according to some criteria and
summed up together only when belonging to the same group. So there will be as many net uses and net
supplies as many groups. Clearly, the breakdown by group may be pushed to whatever level is suited for the
purposes of the analysis. It isimportant to notice that summing up the net uses or the net supplies by material
kind one always gets the aggregate net use and net supply respectively.

65. The net supplies of an activity, system or subsystem can be calculated from the SUTs by
subtracting the column entitled to it of the use table from the corresponding one of the supply table. Its net
uses are the same but of opposite signs.
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Chapter 2. CHARACTERISTICS OF NATIONAL MATERIAL FLOW
ACCOUNTS (NMFACC)

66. The present chapter highlights some characteristics of the applications of the concepts and
principles introduced in the previous section to national socio-economic systems. These concepts (system
boundaries, subsystems, kinds of materials, accounting treatment, etc.) are applied and further specified as
necessary in sections from Chapter 3 to Chapter 5.

1. Comprehensiveness, integration between levels, coherence with national
accounts
67. NMFAcc form a multi-purpose multi-level system designed for the accounting of materials use in

human activities. This syslem aims at providing a comprehensive framework for satellite accounts on
material flows that can be applied at different levels, in terms of the range and detail level both of the
activities and the materials covered.

68. Such a framework alows integrating the different levels of the analysis and encompassing them as
specia cases. For some special cases, the terminology and the classifications — but not the concepts, which
are of general value — are further specified.

69. NMFAcc are built largely in coherence to the SNA, though they deal with phenomena of a different
nature from those described in the SNA. They belong to the kind of accounting frameworks linked to the
System of National Accounts as satdllite accounts that need to make use of additional concepts with respect
to the monetary national accounts. Indeed NMFAcc explore an aspect of the functioning of the socio-
economic system that is not covered by the SNA.

70. NMFAcc include definitions and rules covering as wide a range of circumstances as possible and
can be applied to very different national systems, whether they are large or smal, industrialized or
developing, well endowed with natural resources or major importers of raw materials, €etc..

71. The availability of NMFAcc and of indicators derived thereby is a prerequisite for informed and
rationa policy planning. NMFAcc can be used for reporting to international organizations material flow data
conform to standard, internationally accepted concepts, definitions and classifications. They have aso an
important statistical function by serving as a coordinating framework for a substantial part of environmental
statistics.

72. The limits of the available information oblige in certain casesto depart from full coherence with the
SNA. Thisisthe case in particular of the Economy-wide Material Flow Accounts described in Chapter 5 of
the manua. Even in this case, however, the basic structure of the system guarantees a high degree of
comparability of MFA data with monetary aggregates.

2, Theoretical soundness
73. Like any complex accounting system, material flow accounting requires a guiding conceptual

framework to ensure the consistency of the numerous methodological decisionsto be made. Thisrefersto the
criterion of theoretical soundness, which is also a prerequisite for policy relevance. The basic concepts and
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principles have been presented in the previous section. The guiding theoretical concept for explaining the
physical interrelation of a socio-economic system and nature is in particular that of socio-economic
metabolism. Every socio-economic system organises a permanent flow of materias and energy, i.e. a
metabolism, in order to reproduce biophysically. The socio-economic metabolism encompasses the extraction
of materials from the environment, their transformation in the process of production, distribution and
consumption and their eventual release to the environment. To be able to assess socio-economic metabolism
we must gain a systematic view of the interaction between two systems, namely society and nature as well as
possibly of the interna flows of the first. For this we need precise guidedines to identify, which elements of
the material world belong to society and which belong to nature. That refers to a clear understanding and
definition of the boundary of the system under investigation. In material flow analysis these requirements are
made operationa by applying a systems approach and natural science considerations.

74. The systems approach has so far been applied in a variety of disciplines. Biology, for example,
conceives of an organism as an integrated entity composed of interdependent components such as organs or
cells. Likewise, economics conceives of a nationa economy as an integrated system composed of
interdependent parts. In both biology and economics the components are considered as entities operating their
own metabolism or input/output relationships. According to this, the metabolism of socio-economic systems
is composed of interdependent self-organising components that maintain their own metabolism rather than
being just an assembly of material stocks and flows.

3. Policy relevance

75. The usefulness of the material flow analysis approach for informing policy mainly derives from the
conceptualisation upon which it is based, concerning the interrelation between socio-economic activities and
theissues at stake (e.g. supply security and environmental degradation). The mutual interrelationship between
economic, social, politica and environmental processes is highly complex and available information,
judgement of experts and public awareness are often controversial or insufficient. The criterion of political
relevance refers to a well-chosen reduction of this complexity rather than to a full understanding. Policy
relevance, in other words, refers to the capacity of the concept to provide relevant and useful information for
politica decison making and public discourse. Therefore, the information must successfully reduce
complexity and be timely. Only if thisis achieved, materia flow accounting can be a useful tool for providing
information and support monitoring of the future sustainability of resource use. Other criteria for enhancing
the policy relevance of the tool include coherence with the SNA, international comparability, the indication
of mgor trends in the resource use of national socio-economic systems, the possibility of application for
various levels of intervention, the possibility to arrive at time series and to assess scenarios, and the
compatibility to established environmental information systems.

4. Feasibility

76. Finally, like any approach that addresses real world problems the criterion of feasibility has to
apply. This refers to the availability of accurate primary data, to the possibility to fill data gaps, and to the
timely availability of the accounts. To dlow for this, some material flow accounts use a top-down approach
based on data periodically available in national statistics to allow for data generation and indicator
development in relative short time to reasonable costs, deviating from full coherence with the SNA for the
sake of feagihility, timeliness and ease of communication. This is the case of Economy-wide MFAcc
described in Chapter 5.
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Chapter 3. A COMPLETE AND EXHAUSTIVE FRAMEWORK FOR NMFACC

1. Introduction
1.1. Relation with the SEEA
77. In the present chapter we apply the concepts introduced in Chapter 1 to a specific system, i.e. to the

national socio-economic system and develop an accounting scheme referred to it. Thisis done largely on the
basis of the third chapter of the Integrated Environmental and Economic Accounting 2003 (SEEA2003)
Handbook. The accounting framework we present here is basically the same as that contained in the SEEA,
though thisis amended and adapted on some points.

78. The major differences with the SEEA2003 are in the exposition method, as we set off with didactic
intents. In particular, we build the complete accounting scheme step-by step rather than introducing it all at
once. We do not take for granted but discuss the relation between the economic and materid redity and
specify the accounting scheme accordingly, in order to keep to a minimum the previous knowledge of
National Accounting required to the reader. We do this by starting from a purely physical subdivision of the
socio-economic system and introducing economic concepts in a second stage. This leads to the explicit
discussion of the link between the flows of economic vaue and of materials, and to a partition of human
activities that optimally combines physical and economic concepts. Moreover, a certain emphasis is put on
the circulation of matter, as described by Physical Input Output Tables, since its understanding of key
importance to resource management and environmental pressures prevention. PIOTs are widely used here as
an exposition and exemplification tool, as they provide an in-depth description of the roles of the different
socio-economic activities in the use of natural resources and products and in the generation of residuals.

1.2. Objectives

79. Society cannot function without drawing in natural resources from the environment and using the
environment to absorb the unwanted by-products of economic production and of consumption. Measuring the
flows of resources into the socio-economic system and the emissions from it can therefore provide ingtructive
information. It can show, for example, whether the amount of material passing through the economy is
increasing, and whether it is increasing faster than the rate of growth of the economy or whether it is
increasing in per capitaterms. This can be especialy useful in the case of trying to minimise the generation of
dangerous wastes.

80. The exhaugtive and detailed measurement of the physical flows connected to human activitiesis a
non-trivial task. It requires large amounts of basic data, consistent classifications and units of measure and an
agreed framework within which data can be structured at different levels of disaggregation. It also requires an
understanding of the purposes for which the resulting tables can be applied. All of these are topics for this
section. Nevertheless we will mainly focus on the framework for structuring the data.
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1.3. Specification of the focus flows

1.3.1 Specification according to the systems involved

81. The flows of mgjor interest in the present context can be identified by making reference to a
condensed version of a comprehensive 10 scheme anticipating the subdivision of the world that will be
introduced later. The blank cellsin Table 3.1 correspond to flows that are not meant to be covered at al in the
scheme. The flows in brackets are minor quantities that may be relevant for the national environment, and
may be easily included if the relevant additiona information is available but are not relevant for our scopes,
so we will not include them in our discussion. Basically, we are interested in the flows involving the national
socio-economic system, most of which —though not all — are flows connected to economic activities.

82. The largest entries are in the parts of the table showing the interactions within the national socio-
economic system, between it and the national environment and between it and the rest of the world socio-
€conomic system.

Table 3.1 — Flows covered by National Material Flow Accounts

To Socio-economic system Natural Environment
From National Rest of the world National Rest of the world
Flows from the national : :
Internal flows of the national socio-economic system to the Flows from the national Flows from the national
é e SOCi0-economic system rest of the world socio- socio-economic system to SOCIO-economic system to
7| S economic system the national natural the rest of the world natural
@ g PRODUCTS environment environment
L RESIDUALS PRODUCTS
E RESIDUALS RESIDUALS RESIDUALS
g © Flows from the rest of the world (Flows from the rest of the
s S | Socio-economic system to the world socio-economic
5 |85 national socio-economic system system to the national
3\g 3 natural environment
& PRODUCTS
RESIDUALS RESIDUALYS)
Flows from the national natural (Flows from the national (Flows from the national
- | = envi ronment to t_he national natural environment to the natural environment to the
= .5 SOCi0-economic system reﬂeé)(f)r:g;\i/\éorlc;zo:]no- rest of theworld natural
% g NATURAL RESOURCES ¥ environment
= ECOSYSTEM INPUTS NATURAL RESOURCES RESIDUALS)
< RESIDUALS ECOSYSTEM INPUTS)
L'% © Flows from the rest of the world (Flows from the rest of the
5|55 natural environment to the world natural environment
®]® | 5 national socio-economic system to the national natural
z i environment
o NATURAL RESOURCES
ECOSYSTEM INPUTS RESIDUALYS)

1.3.2 Specification according to the materials of interest

83.

Materials, considered in general, are defined here in the same al-encompassing way as in Chapter

1. The primary focus of the NMFAcc framework presented here is on the flows of solid natural resources,
including minerals and plants of all kinds. These flows are at the basis of the physical functioning of socio-
economic systems, along with the use of air, water, energy and land.

84. The primary aim of the accounting framework is to support the measurement of resource use
efficiency and the formulation of waste prevention strategies. These uses require the adoption of a system
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perspective. Therefore the focus materials are considered in a balanced and complete accounting framework,
ableto reflect the way the different materials are combined and transformed into goods, waste and emissions.

85. The focus materials are considered in the myriad of different forms that they take in the socio-
economic process (e.g. ores, refined metass, food, buildings, pieces of furniture of plastics and wood, waste
from all these...). Hence, it is necessary — for the supply-use accounts of the activities to be well-defined and
balanced — that also materials other than the focus resources are included in the accounts, namely all those
materials with which the focue resources are combined in the socio-economic metabolism. We will aso
therefore consider al the products and wastes derived thereby.

86. In practice, as a consequence of the system approach, it is not possible a-priori to exclude any kind
material from the accounting scheme,. It is only possible to restrict the consideration of some materials to the
extent needed for balancing reasons. In particular, thisis the case of air and water, further discussed in section
2.2. It should however be borne in mind that the focus of the accounting framework presented here, though
potentialy covering al materials, is mainly on those materias that are not covered by specialised accounting
frameworks, such as e.g. water and energy accounts.

87. Although we will discuss the flows of materials moved by human activities having in mind the
specified focus, it must be underlined that the accounting schemes presented below can be referred to specific
sets of materials which are of particular interest. For example it is possible to focus on the supply and use
tables for specific toxic chemicals or energy products and omit information of the flows of other materials.
Further, the supply and use table for one or more materials can be transformed to supply and use tables for
energy (calorific values) or chemical elements (nitrogen, say) by using technical information on the
composition of the materials (for example, percentages of nitrogen on the mass of the different materials).
Physical supply and use tables for energy products are interesting for the analysis of energy
savingg/efficiency analysis as well as for the construction of supply tables for energy related residuds, such
as COz, SOz, NOy, €tc.

1.4. Outline of the chapter

88. A stepwise approach is followed in the specification of the NMFAcc scheme, by progressively
specifying the relevant systems and sub-systems. New elements are introduced in the scheme when they are
first needed asto favour stepwise learning.

89. First of al we distinguish the socio-economic system as a whole from the natural environment as a
whole, abstracting from al their possible further geographical, political or economic subdivisions (section 2).
The flows that cross this boundary are caused by the socio-economic system and are pressures from it on the
natural environment. The definition of this boundary is both necessary and sufficient for introducing most of
the categories used in the subsequent more complete versions of the scheme, while keeping it as simple as
possible. In particular, it is in relation to this boundary that the general categories of material flows are
identified in the system.

90. The framework deals with the material flows which form the material metabolism of the socio-
economic system, as this is the sphere where human actions have immediate effect and whose flows are more
directly under the control of policy. As a consequence, the only activities of the natural environment we will
consider are that of supplying useful materials and absorbing discarded ones. Thiswill not change throughout
the section but it should be kept in mind that the natura environment could be further specified according to
many different criteria. We will start looking inside the socio-economic system by distinguishing only the
very general activities of materials transformation and accumulation in the first place (section 3). This will
allow usto introduce other important concepts such as that of gross and net flows, and some alternative ways
to present the accounts according to whether certain flows are recorded gross or net.
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91. Focussing on the nationa socio-economic system, the physical concepts of materials
transformation and accumulation, as distinguished before, are put in relation to the economic concepts of
production, final consumption and accumulation (section 4). Subsequently, production is further split into
smaller entities according to the kind of activity (section 5). These subsequent subdivisions of the national
socio-economic system are fundamental importance in order to understand how the material flows at the
system boundary are determined by the activities taking place inside the socio-economic system and how
they can be influenced by policy influencing these activities. The subdivision of production by sector will
allow usto introduce the issue of indirect flows.

92. Finaly, the distinction will be made between the national and foreign socio-economic and
environmental systems (section 6). The national socio-economic system is the focus system of the scheme
and only the flows that directly involve it will be described, while the flows within and between the other
systems are beyond the scope of the NMFAcc system (but for what concerns the issue of indirect flows).

93. This sequence of progressive subdivisions of the world is an exposition expedient alowing to
introduce the necessary concepts and specifications stepwise as to make easier the learning of the system. It
does not correspond to a sequence of practical steps for the implementation of a national material accounting
scheme. Nor do any recommendation on which kind of disaggregation of the focus system to apply first. It
should be borne in mind, moreover, that none but the last version of the schemes presented is complete with
the rest of the world sector and therefore redlistic.

94. While the following sections aim to give a comprehensive overview of the functioning of a national
socio-economic system by making use of sample materia flow schemes, it should be recognised that a
complete implementation of the accounting framework presented is very ambitious and by no means
necessary for particular studies. The extent of implementation typicaly depends on (human, data and time)
resource availability. In particular, most current applications are reflected by the schemes described in
Chapter 5. These deal with the material flows of a national socio-economic system, described as black-box
(Economy-wide MFA) or disaggregated by sector (NAMEA-like accounts of specific flows).

95. The figures presented in the tables shown in the following sections are purely illugtrative and relate
to afictiona country. All these tables are interndly and mutualy consistent. All data are denominated in
million metric tonnes though three decimal places are shown to illustrate the occurrence of small but possibly
important entries at the thousand metric tonnes level.

2, Dealing with the socio-economic system as a black box

96. In the present section we define the system boundary dividing the socio-economic system from
nature as if there was only a single country in the world. More precisely, we describe the materia flows of a
hypothetical single country placed into a huge glass bowl, which has no relation with the rest of the world but
possibly through exchanges of eectricity and other immateriad communication ways of any possible sort
(from smoke signals to the Internet). This simplifying assumption will be kept throughout the following
sections, up to 6, where we will allow for other exchanges to take place.

2.1. System boundary
2.1.1 General criteria

97. The national socio-economic system can be defined, in very general terms, as the collection of
activities taking place in a country that are under direct human control and responsibility (human activities).
NMFAcc identifies the material elements that make up the physical components, i.e. the material stocks of
the socio-economic system. Such stocks of materials are mainly man-made fixed assets as defined in the
national accounts. In this understanding, every part of the material world that is produced, or is periodicaly
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maintained, by human labour constitutes amateria stock of the socio-economic system. In this definition, the
material stock of the socio-economic system includes infrastructure, such as buildings, roads, dams and
sawers, vehicles, capita goods, consumer durables, inventories of products at all stages of production but also
livestock and humans themselves’.

98. Once the stocks have been properly defined, every material that is used to produce or reproduce the
stock is accounted for as a flow. A reliable distinction between stocks and flows is a prerequisite for
determining whether the socio-economic system is growing in physical terms and at what speed or whether it
isin asteady state or even shrinking. Accordingly, an operationd distinction between size and metabalic rate,
i.e. between the physical growth rate and the material turnover can be drawn. Clearly, there is a close link
between stocks and flows and also a positive feedback. The size of the material stocksis a determinant of the
size of the flow needed to reproduce the existing stock.

99. As far as flows are concerned, the boundary with nature is defined in functiona terms, by the
extraction of primary materials from the natural environment and the discharge of materials to the natural
environment. With this boundary definition we identify what is a flow within nature (external to our focus
system), within the socio-economic system (internal), from nature into the socio-economic system and back
from the socio-economic system into nature (cross-boundary).

100. As a general principle, inputs from the environment to the socio-economic system are natural
materials extracted on purpose by humans or by human-controlled processes, by means of technology (i.e.,
immediately involving labour) as well as by natural processes that incorporate matter into products as defined
in the SNA (asin the case of cultivated plants). Outputs released to the environment are materials over whose
location and composition society loses contral.

101. The national accounts and the Pressure-State-Response framework offer useful guiding principles
for the precise specification of the borderline between the socio-economic system and nature. In general,
national MFAcc should be consistent with the national accounts; in particular, materias entering activities
that are comprised in the SNA’S production boundary are necessarily either internal flows of the socio-
economic system or inputs from nature to the socio-economic system. Materials recorded as inputs or outputs
belong to the Pressure category. In the following, severa borderline cases are clarified.

2.2. Borderline cases
2.2.1 Air and water

102. Three main groups of materials may be distinguished, namely air, water and al the other materials.
The heterogeneous group of the non-water non-air fraction includes the minera and biological natura
resources which are our main focus, as well as most of the material things in which they are transformed: raw
materials, semi-manufactured products, final goods, pollutants emitted to air and water, waste, €tc..

103. It will beimpossible to exclude air and water from our discussion atogether because the distinction
between the three material groups does not hold perfectly on closer examination, since the non-water non-air
fraction is not free of water and air. Moreover, the content of water and air of the various materials constantly
changes due to natural processes (like evaporation, oxidation) and due to technical processes during the
production-consumption-waste process. Water in particular is present as input or as output of processes
involving the focus materias at al stages of transformation chains.

8 We will not explicitly deal with humans as a stock; nevertheless they are part of the final consumption subsystem. Non-produced assets enter our
field of observation only when used for current production: the acquisition of property rights over them does not entail the recording of
physical flows.

25



ENVIEPOC/SE(2006)4/REV 1

104. Air and water as such will therefore also be considered here, but only to the extent that they are
incorporated into other relevant materials or cannot be distinguished from the materials with which it
becomes mixed in human activities. (incorporation into products, humans, pets, home garden plants or
residuals). Not reporting, as much as possible, air and water in EW-MFAcc accounts has to do with the
common-sense idea of not literally “drowning” the other materialsin water and air.

105. Inputs of the non-air-non-water fraction are counted when they cross the border into the socio-
economic system under investigation, that is usualy when they are marketed. Therefore, dl inputs are
accounted for as market weights, including their actual water and air content, with the important exception of
grass harvest and timber, which is counted with standardised water content of 15 %. Inputs that are not
marketed such as green fodder grazed by cattle are also included in the accounting with standard water
content of 15 %.

106. Water used for irrigation (as well as rainwater) has to be recorded as an input of the socio-economic
system only to the extent that it is absorbed and retained by cultivated plants. Also the water incorporated in
industrial goods (such as e.g. paint) has to be accounted for, asit affects the mass of the derived products and
wastes. On the contrary, water used for irrigation in excess of the amount absorbed by plants, for the cooling
of industrial plants, for washing or cooking, for hydro-power, etc. is not recorded in the scheme. In some
cases solid residuals from other used materials may be contained in water discarded to the environment; these
have to be accounted for as outputs of the socio-economic system, but the water itself should not enter the
account. Only in the cases where it isimpossible to distinguish the water component from the rest, water may
be comprised in the account, and care must be taken that the water included in the output item be also
comprised in the inputs of the activity (e.g. water drunk by livestock has to be included among the inputs if
manure is accounted in “asis’ weight among the outputs). As a consequence water as such, initsliquid form,
should not be amajor output to the environment to be recorded in the accounts.

107. A great part of the water that isincluded as an input in the accounts according to the convention set
above |leaves the socio-economic system mainly as vapour, as a result of processes in which it is created, or
driven out from materials in which is incorporated. In particular, vapour results from respiration of humans
and livestock, from exsiccation of wood, roasting of minerals and similar processes as well as from the
chemical combination of hydrogen contained in fuels and atmospheric oxygen in combustion processes.
Water drunk and not absorbed constitute most of the remaining part.

2.2.2 Agricultural production, forestry and husbandry

108. Unlike other purely technical processes of production, which are almost completely under human
control, agricultural and forest production is mainly the result of biological metabolism, whereby the
cultivated biological organismsinteract more or less directly with the environmental sphere by extracting raw
materials and by discharging residuals. However, according to the SNA production boundary, cultivated
plants and cultivated animals are the results of production processes and have therefore to be regarded as
belonging to the socio-economic system. Wild biota, i.e. uncultivated plants and animals, are on the contrary
considered to be materials extracted from the environment.

109. Plants absorb directly from nature mainly carbon dioxide and water and convert this into oxygen
and an increase in mass (which constitutes economic production in the case of cultivated assets). The increase
in mass of the plants is accounted for mainly by the fixing of the carbon and the absorption of water. Not al
the water absorbed is retained, most is lost through evapotranspiration, but the net retention is still significant.

110. The fertiliser and pesticides spread on the land are defined as outputs to the environment only to the

extent that they are not absorbed by cultivated plants. The absorbed portion congtitutes an internal flow of the
socio-economic system.
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2.2.3 Solid waste

111. Flows of solid waste are recorded in the accounting scheme as flows from the socio-economic
system to nature only when waste is disposed of directly in nature, e.g. just thrown away in the woods or in
uncontrolled landfills or in illegal dumping sites. On the contrary, waste going from industries and
households to collection systems and treatment plants are considered internal flows of the socio-economic
system. The incineration of waste is a transformation activity that results in an output of gases and dust to
nature. The operation of managed landfill sites (strictly speaking licensed and controlled landfill sites) is a
productive activity and the disposing of residuals at such sites is regarded as a flow of residuals within the
socio-economic system and treated as a form of accumulation in this system. When materials subsequently
evaporate or leak from such a site into the surrounding air, soil or water (including from managed sites where
rigorous prevention measures are not in effect), a flow of residuals from the socio-economic system to the
environment should be recorded.

2.2.4 In situ uses of environmental assets

112, A number of environmental assets are only used in situ and not actualy absorbed into the socio-
economic system through use. For example, functions or services provided by the environment such as
watercourses for navigation, land for transportation, land and water as a sink for pollution. In such casesit is
the natural assets as such, rather than the materials, which are used: the natura assets provide services but
there is no physical flow out of and into the environment, and therefore there is no entry for in situ usesin
national MFAcc schemes.

2.2.5 Unused materials

113. Unused flows are different from in situ uses as they concern materials rather than natural assets.
Moreover, these materials are not used and they are physically removed from their natural site (no serviceis
provided by them; on the contrary, their presence is usually a disturbance for the human activities that move
them). As examples, let us consider the extraction of metal ores, the felling of timber in a non-cultivated
forest, and the excavation of soil in construction. In order to extract metal ores, overburden has to be removed
to retrieve the gross ore, which, after further steps of refining and combining with other materials becomes
first net ore and finaly the desired pure metal or league. It is the gross ore (run-of-mine) that has to be
recorded as an inflow into the socio-economic system (used materials), while the overburden constitutes the
unused portion. All next steps in the refining to arrive at the concentrate and metal are considered to take
place within the socio-economic system: the wastes stemming from the gross ore and going into mining
waste tips are outputs of the socio-economic system to the natural environment. In the case of timber felling
in a non-cultivated forest, wood is felled and branches and |eaves are removed and | eft (unused) in the forest;
the used portion consist only in the logs which are usualy kept in the open for a certain period of drying,
before they are transported out of the woodland. Sail that is excavated in a construction activity may be used
in the making of mortar or incorporated in the building otherwise, thus avoiding the extraction from a quarry
of asimilar quantity of sand and gravel. In this case, the excavated soil is considered as used; however, if it is
simply thrown away, the soil remains unused, though moved.

114. Unused materials are dissmilar from the inputs and the outputs recorded in supply and use tables;
these are meant to account for the materials actualy going through human activities. However, we will
include them in extended supply and use tables, as appended items under the bottom “total use by activity”
and “total supply by activity” lines. The quantity of an unused material flow appears twice in each table, asiit
is considered, for the accounting purposes, as if they were at the same time a flow in both directions for both
systems.
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2.3.

115.

Main categories of flows

Different kinds of materials can be identified in nationad MFAcc that are relevant for the problems

to be tackled by making use of datafrom the system. A first classification of the materias is connected to the
system boundary defined above. Just by considering the flows between the socio-economic system and the
natural system and within the socio-economic one, we may distinguish the following types of flows:

116.

Environmental resources that flow from the environment to the socio-economic system. All
environmental resources originate in the environmental system. Most of them remain there and so
do not enter the physical flow accounts. By definition, the socio-economic system does not
contribute to the output of environmental resources. It is useful to further distinguish environmental
resources into:

o Natural resources such as minerals, energy resources, water used to be embodied in products
or stocks of the socio-economic system, soil and biological resources.

o Ecosystem inputs cover the water and other natural inputs like nutrients and carbon dioxide
required by plants and animals for growth, and the oxygen necessary for combustion; this
excludes water, nutrients or oxygen supplied as products by the economy.

Products that are the result of transformation activities, which flow exclusively within the socio-
economic system. These are produced within the socio-economic system and used in human
activities. Transformation may consist in the simple separation from the rest of nature of a natura
resource, which from the moment it is extracted becomes a product (and precisely a raw material).
In most products, the natura resources that have contributed to their production are easily
identifiable, unlike ecosystem inputs. Nevertheless, at the moment when resources and ecosystem
inputs are taken from the natural environment, they enter the socio-economic system and their
matter is thereafter embodied in products, whatever the degree of processing of the materials.

Residuals that are incidental and undesired outputs human activities that have an economic value of
zero (or anegative value) to the generator. The term “residuals’ is used to cover all solid, liquid and
gaseous wastes. Residuals mainly flow inside the socio-economic system and from it to the
environment, while only minor gquantities are taken back in the socio-economic system from the
natural environment once dumped in it. It is important to note that residuals may have a positive
value for a unit other than the generator; for example, household waste collected for recycling has
no value to the household but may have some value to the recycler. Scrap materials that have a
value realisable by the generator (discarded equipment for example) are treated as products and not
asresiduals.

Figure 3.1 shows the flows visible in the black-box approach. Naturd resources (flow NR in the

figure) and ecosystem inputs (EI) flow into the socio-economic system from the natural environment, and
residuals flow in the inverse direction (WA1), but for the minor flow of residuals taken from the natural
environment.

Figure 3.1 — Flows between the natural environment and the socio-economic system
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117. In addition to the materials actualy flowing through the socio-economic system, we are also
interested in the man- made flows of unused materials. These may aso be thought of as environmenta
resources that remain within the environmental sphere, in whose flows we are interested only to the extent
that these materials are relocated by human activity without being used init, i.e. not becoming products.

2.4. Classifications for the different material kinds

118. For a classification of natural resources reference can be made to Chapter 5; it should be borne in
mind however that the system boundary adopted thereis dightly different from the one adopted in the present
section and this has consequences for the items to be included in such a classification (in particular the
harvesting of cultivated biomass is considered an input to the socio-economic system in EW-MFAcc while
these are not natural resources according to the present section’s system boundary). As for the classification
of ecosystem inputs, the one proposed in our sample supply and use tables may be sufficient also for
implementation, given the low interest of these materias (but for CO2 inputs to cultivated plants, which is
worth considering separately).

119. A number of international standards exist for the classification of products (for example the
Harmonised Commaodity Description and Coding System, the Standard International Trade Classification,
and the Central Product Classification). The 1993 SNA introduced the Central Product Classification (CPC)
for this purpose. It should be noted that the CPC has been developed primarily for economic analysis and that
supplementary classifications may be used for the analysis of physical characteristics. For example, the
Chemical Abstract System (CAS) together with a toxicity database can be used to identify harmful effects of
chemicals. However, in order to ensure international comparability and coherence with the SNA it seems
appropriate to ensure that any supplementary classification introduced in the physical flow accounts can be
re-aggregated to the CPC.

120. The concept of residuals embraces so-called dissipative losses from, for example, car brakes and
tyres, abrasion from roads, zinc from rain collection systems on roofs, as well as residuals corresponding to
deliberate disposals of products such as pedticides, fertilisers and compogt, to the extent that they are not
absorbed by plants in the current accounting period. The latter as well as thawing materials applied to
roadways in winter, are examples of products deliberately transmitted to the environment and that thus need
to be included in the flows from the socio-economic system into the environment. Planted seeds, as well as
the portion of fertilisers absorbed by plants are in principle internal flows of the socio-economic system (they
may however not be sufficiently large in quantitative terms to be worth recording).

121. Household or industrial waste may not be sent to a managed landfill site but may be dumped
(possibly illegally) in open country or by the roadside. Tankers at sea may wash their tanks (also illegally) or
lose their cargo through being wrecked. Efforts might then be made to recover these residuals from the
environment and bring them back into the socio-economic system either for treatment or consignment to a
landfill site. Only in the case of clean-up of residuals previously deposited in the environment there is are-
absorption of residuals by the economy. This is the only case where flows of residuals from the environment
to the socio-economic system should be recorded. In numerical terms, the amount may be small but in respect
of particular incidents (the wreck of an oil tanker near a protected coast, say) or in particular locations may
arouse a sufficient degree of concern to merit identifying these flows explicitly. This may be the case aso for
cleaning of contaminated soil and similar cases.

122, The criterion that a residua is an output from human activities without monetary value to the
generator may be difficult to apply in practice, as the necessary information on whether a potential residual
has a price or not may not be available in many cases. Further, the strict use of the price criterion means that
depending on the market situation, a material can either be defined as a residua or as a product in different
periods or even in the same period, which may disturb the interpretation of the flow of residuals. In practice

29



ENVIEPOC/SE(2006)4/REV 1

therefore residuas are usually defined and described by means of specific lists of materids. This has a
number of practical advantages, e.g. the results of waste statistics can be utilised directly when following the
list approach. Currently there is no complete classification for residuals. As for natural resources, alist of the
residuals flowing between the socio-economic system to nature exists for the applications described in
Chapter 5 (EW-MFAcc); aso in this casg, the different system boundary might have some consequence for
the items to be included in a residuals classification; in addition, residuals that circulate inside the socio-
economic system are dealt with in the present section but not in EW-MFAcc (except for those going to
managed landfill sites).

2.5. Example PSUTs

123. For the purpose of exemplification, we will use very coarse classifications of the materias
belonging to each of the kinds specified above. The restricted number of items of each kind is nevertheless
sufficient for illustrating all the main features of the accounting scheme. In practice however the reference
classifications for the compilation of the accounts will be much more specific, especialy for natura resources
and products, and the presentation choices may vary largely.

124. The material flows of our glass-bowl socio-economic system, considered in a black-box
perspective, can be described by a very simple accounting scheme, such as that formed by Table 3.2 and
Table 3.3. These tables have only two activity columns each, one for the whole of the socio-economic system
and one for the whole of the natural environment, plus a column for the total flows by material. In this
scheme we recorded only the cross-boundary flows of the two systems, i.e. their mutual exchanges, while no
interna flows of either system is accounted for.

125. Even in such an aggregate picture, the different materials can be kept distinct to any desired extent.
In the example tables we distinguished them to the maximum extent alowed by the coarse classfication of
the materials we used in the development of the example, and will do so in al subsequent versions of the
example supply and use tables. As can be easily verified, total supply and total use by material necessarily are
equal for each and every materia, and this would be the case whatever the number and aggregation of the
materials adopted.

126. It can be noted that in such a simple scheme, where no interna flows of either system are recorded,
whatever has been used by any of the two systems has been supplied by the other and vice versa. For instance
it can be seen in the use table that the socio-economic system has absorbed 65 million tons of the natural
resource “fossil fuels’, which — as the supply table shows — have been provided by the natura environment.

127. At this level of aggregation of the activities, PIOTs would not add information but only show
explicitly that the 695.1 million tons of materials used by the socio-economic system (natural resources,
ecosystem inputs, and atiny quantity of recuperated residuals) has been provided by the natural environment
and that the 555 million tons of materials absorbed by the natural environment (residuals) have been supplied
by the socio-economic system. The balance between the total inputs and the outputs of each system —i.e. its
net accumulation in whatever kind of materials — is recorded towards the bottom of the supply table, before
the rows dedicated to the flows of unused materiads. These rows report each flow four times, as a combined
effect of the double bookkeeping system and of the fact that each flow is dealt with as being at the same time
an input and output of the activity to which isdue.
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2.6. Net flows: the additions to socio-economic stocks as a net aggregate

128. No flows of products are shown in the tables, since the socio-economic system is dealt with as a
black box. From this perspective, we can understand something about what happened inside the system in the
reference period only indirectly, by reading the data and using the a-priori knowledge provided by the law of
meatter conservation. In particular, we can see that total aggregated quantity of the materials that have been
given back to the natural environment (555 million tonnes of residuals) is lower than the total aggregated
guantity of materials taken from it (695.1 million tonnes of natura resources and ecosystem inputs plus atiny
quantity of residuals): a certain portion of the inputs of the socio-economic system (precisely, 140.1 million
tons of materials) has not given back to the natural environment within the same accounting period. This
guantity, by the law of matter conservation, must have been accumulated into the socio-economic system,
though we are not able to tell what kind of materials have been accumulated, in which form and for which
purposes.

129. As dready noted, the result of this differentia caculation of the net addition to the stocks of the
socio-economic system is reported in the “balance” row of the supply table. It may be noted that thisis equa
as absolute quantity to the net aggregated material accumulation in the environment, but of opposite sign (the
net aggregated accumulation in the closed system given by the union of the socio-economic and the natural
systems is of course null). Indeed the material balance principle for this couple of complementary systems
may be expressed as:

total aggregated inputs to the socio-economic system from the environment —

total aggregated outputs from the socio-economic system to the environment =

(net) aggregated material accumulation in the socio-economic system

or equivalently as:
total aggregated inputs to the environment from the socio-economic system —

total aggregated outputs from the environment to the socio-economic system =
(net) aggregated material accumulation in the environment.

These identities define the net use of materials of each of the two systems in the aggregate materias
perspective. In this perspective the net use flows of the systems coincide with their respective (net)
material accumulations. Their net supply has the same absolute quantity but opposite signs.

130. The net supply and use of the two systems can be calculated at any level of aggregation by material,
e.g. by kind of materia (i.e. in the perspective of aggregated natural resources, ecosystem inputs and
residuals) or by individual materia (i.e. in the perspective of homogeneous natural resources, ecosystem
inputs and residuals). In the perspective of the materials aggregated by kind, we have the following net uses
for the socio-economic system:

Net aggregated natural resourcesuse: 270 million tons

Net aggregated ecosysteminputsuse: 425 million tons
Net aggregated residual s use: - 554.9 million tons (= 0.1 million tons used - 555 supplied)

Which of course sum up to the 140.1 million tons net use cal culated in the aggregate materials perspective.

131. The corresponding net supplies are of course of opposite signs. It can be noted that the net uses of
the socio-economic system, as far as natural resources and ecosystem inputs are concerned, coincide exactly
with its gross uses and with its cross-boundary flows, because these materials only flow in one direction. The
case is different for residuals, as there have been not only flows from the socio-economic system to the
natural environment but aso a flow in the inverse direction, though tiny. In a homogeneous materials
perspective, the net supplies of the individual residuals by the socio-economic system would coincide with its
gross supplies for all resduals but for “other water-polluting emissions’, due to the recuperation from the
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environment of 0.1 million tons of pollutants (e.g. oil spilled that is cleaned up), the only residud that flows
from nature to the socio-economic system.

132. Computing the net accumulation in the focus system as a differential and residual quantity (net use)
isatrivial and no-data-demanding exercise after al that comesin it and all that comes out of this system has
been computed. This kind of application is the least data-requiring one allowing to determine the net
accumulation in the focus system. However, it does not alow telling what where and why has been
accumulated, nor does it give any hint about the consistency of the data that enter the account; in fact, any
estimation error of the supply and use items results in a non-recognisable error of the baance (of equa
amount and opposite sign). This is due to the highly level of aggregation by activity of the scheme; indeed,
we considered so far only cross-boundary flows, while accumulation in the socio-economic system is an
interna phenomenon, whose qualities can be observed only by looking specificdly at the flows going into it,
which in turn requires specifying the accumulation subsystem as a part of the socio-economic system.

3. Subdividing the socio-economic system according to purely physical concepts
3.1. Materials’ transformation and accumulation
133. In order to be able to compute directly the increase in the stocks of the socio-economic system, and

to tell what this system accumulates, we have to start looking inside the black box. For this purpose it is
convenient to specify two different activities for the socio-economic system, by distinguishing the materials
transformation function from the material s accumulation function.

134. The transformation subsystem is here defined as to include al human activities but the acts of
adding or subtracting materials from the stocks, and comprises current production and consumption activities.
The accumulation subsystem therefore coincides with the stocks (capital, consumer durables, and managed
landfills). According to this distinction we will record separately the flows concerning transformation (i.e.
current inputs and outputs to/from production and consumption) and those concerning accumulation (i.e. all
inputs and outputs to/from the stocks)®.

3.2. Roles of the transformation and accumulation subsystems

135. Figure 3.2 shows the material exchanges linking these two subsystems and between them and the
natural environment. Transformation activities process the materials extracted from nature — natural resources
(flow NR in the figure) as well as ecosystem inputs (EI) — and withdrawn from the stocks — products (PR1) as
well as residuals (WA3). At the end of the accounting period, all these materials are in the form of products
or of residuals. These products, which have not been destroyed in the same accounting period in which they
have been created, have flown by definition into the accumulation subsystem (gross additions to the useful
stocks: PR2). The residuds from transformation have been emitted to the natural environment (WA1.1,
which is a part of the WA1 flow of Figure 3.1) or stocked inside the socio-economic system (waste in
managed landfills: WA4).

136. As far as the accumulation subsystem is concerned, goods are withdrawn from it in order to be
further processed (subtractions from inventories: PR1), and residuas are created within it. Some of these
residuals are emitted directly to nature (WA1.2, the other part of the WAL flow — e.g. isolated buildings that
are abandoned, abrasion from roads and zinc from rain collection systems on roofs), while the rest result from
the intentional dismissal of end-of-life useful stocks (WA3 - e.g. demolished buildings, end-of-life vehicles),
which means that the materials are taken up by transformation to be processed again and in transformation
either become products again (e.g. recycled building materials used in construction, that become part of PR2)

° It is important to notice that accumulation in physical accounts is measured quite differently than in monetary accounts. In physical accounts, an
item remains in the accumulated stock until it is disposed of, all at once, at the point of retirement. This contrasts with the money value of an
asset which declines over its lifetime.
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or to be stocked again as residuas (becoming part of WA4 as waste to controlled landfills) or to be emitted
towards the natural environment (e.g. as air emissions from incineration of durables, part of WA1.1). Tiny
guantities of ecosystem inputs may go from the natural environment to the stocks (e.g. oxygen bound to
rusting structures); let us overlook them.

Figure 3.2 — Flows between the natural environment and the socio-economic system and between the
transformation and accumulation subsystems

NATURAL ENVIRONMENT
El |
7 S Riawas
TRANSFORMATION WA1.2
ACCUMULATION
NR PR2 & WA4
| |
WA WA1l.1
\/

3.3. Example PIOTs describing flows by kind of material
137. Table 3.4 reports in numerical terms, with reference to our glass-bowl-country example, the input-

output relationships graphically shown in Figure 3.2. Nine non-null flows are reported, as in the figure. The
first four tables show the flows separately for the different categories of materials (all except unused
materials); the last one shows the flows aggregated for al materials and is the sum of the other four tables.
The tables are perfectly symmetric, i.e. the row and column headings are identical; data are included for all
flows between the different “activities’. The lagt table has an additional row where we record the difference
between the total inputs and the total outputs of each activity (i.e. its net material accumulation).

138. The PIOTsin Table 3.4 record the same situation described in Table 3.2 and Table 3.3, but provide
additiona information in the cells with white background. The information in the cells with a grey
background was present aready in the black-box supply and use tables, while the black cells in principle
could report data (i.e. the flows exist) but the corresponding flows have momentarily been excluded from our
current observation field. Additiona information which was not visible in the black-box description is present
in two respects:

1) asfar as the total cross-boundary flows between the two main systems are concerned, they of course
remain unchanged in their total but we can now see how this tota is distributed among the two
subsystems of the socio-economic system. We can seein particular that:

a) all theinputs from nature (270 million tonnes of natural resources and 425 of ecosystem inputs, as
well as the 100 thousand tons of residuals) have been taken by the transformation subsystem. In
particular the environmental resources, by their very definition, can only flow from the natura
environment to the socio-economic system and not within the latter nor from the latter to the
former. As a consegquence, the first two partial PIOTS, referred to natural resources and ecosystem
inputs respectively, present non-zero values only in the “ Natural environment” row. It can be noted
moreover that for each of the two types of materials this row will always be equal to the
corresponding row of the use table. We will therefore omit these two tables in the devel opment of
the numerical example in the next sections.
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b) transformation activities provide most of the residuals expelled towards the environment but not all
of them (548.3 out of the total 555 million tons). Indeed, some residuals also flow from the stocks
directly to nature, though in minor quantities (6.7 million tonnes in the example).

2) asfar astheinternal flows of the socio-economic system are concerned, i.e. the exchanges between its
parts, additional flows are now reported that were not visible before. As can be read in the last table,
these flows amount on the whole to 422.6 million tons. From the third and fourth table we can see that
these are given by two very different kinds of flows:

a) flows of products, in our example 365.5 million tons. From the third table we can also see that
243.5 million tons of matter has gone to the stocks in this form, and that the stocks supplied to
transformation activities 122 million tonnes of products, due in particular to the fact that they
comprise the inventories.

b) flows of residuals, in our example 57.1 million tons. From the fourth table we can see that the
biggest flow of residuals internal to the socio-economic system is that going from production to the
stocks (41.2 million tonnes), due to the fact that the latter comprise controlled landfills. However a
considerable quantity of residuals have also been given by the stocks to transformation (15.9
million tonnes), as wastes resulting from the dismissing of some useful stocks. These wastes are
taken care of by the transformation subsystem, partly to be reused or recycled, i.e. transformed into
products again, partly to be finally disposed of.

3.4. Example PSUTs

139. The PIOTsin Table 3.4, due to the level of aggregation by kind of material, do not allow to go into
further detail about which natura resources, ecosystem inputs, products and residuals flow between the
systems and subsystems. This information would be provided by even more detailed 10 tables, dedicated
each to an individual environmental resource, product or residua. It is provided aso, in a condensed and
much less data-requiring form, by the supply and use tables reported in Table 3.5 and Table 3.6. On the basis
of these tables we are able to tell how the total inputs and outputs of each system or subsystem are composed
in terms of the individual materials. For instance we can see which products and wastes have been stored in
the stocks of the socio-economic system and which have been supplied by these stocks: in our example, most
of the products absorbed by the stocks are building materials, while energy commodities prevail anong the
products supplied; non-hazardous wastes prevail among the waste stocked, while construction and demolition
waste prevail among the residual flows from stocks to transformation.

3.5. Treatment of the internal flows of the socio-economic system and measure of its
total flows

140. Having broken down the socio-economic system into different components, even if only two,
allows us to distinguish different ways of measuring its total flows, according to whether itsinternal flows are
accounted for or not. Indeed it should be noted that in Table 3.2 and Table 3.3 the flows recorded under the
“total socio-economic system” heading are for some items different (smaller) than the ones recorded under
the same heading in Table 3.5 and in and Table 3.6. Thisis because in the first couple of tables we recorded
only the cross-boundary flows of the socio-economic system, while in the second couple the uses and
supplies recorded are gross of the exchanges between the transformation and the accumul ation subsystems, as
shown in Table 3.4. While the measure of the total cross-boundary flows does not change as internal
differentiations of the systems are introduced, but only their composition by activity is reveaed, the measure
of the total flowsis going to be the bigger as more detail by activity isintroduced.
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Table 3.4 — Example PIOTs describing the relationships between the environment and

transformation and accumulation subsystems of the socio-economic system

the material

Socio-economic system TOTAL
- Natural MATERIAL
Input-output table for Natural - Total socio: :
P P _— trann:?ot?r::\;ion Material stocks | economic environment SUPPLY BY
resources e ACTIVITY.
7 5 H NE H-NE
K] Waterial transformation - T ! R .
] —— e D DL
g 2ls Matorial stocks - 5 R .
3
@ 8 e Total socio-economic system - H . .
Natural environment - NE 270.000 - 270.000 270.000
TOTAL MATERIAL USE BY ACTIVITY - H+NE 270.000 - 270.000 270.000
Socio-economic system TOTAL
- Natural MATERIAL
Input-output table for - Total socio- .
p p M?tenaf . Matenal stocks economic environment SUPPLY BY
Ecosystem Inputs transtormation e ACTIVITY.
T 5 H NE H+NE
k1] Material transformation - T 1 R .
S|E|§ -
g 2|5 Material stocks - 5 - .
w| @
3 “ Total socio-economic system - H R . .
Natural environment - NE 425000 - 425.000 425.000
TOTAL MATERIAL USE BY ACTIVITY - H+NE 425.000 - 425.000 425.000
Socio-economic system TOTAL
Viaterial Total socio- Natural MATERIAL
Input-output table for Products |, =" | wstersstocks | economic | emviromment | SUPPLYBY
_— system ACTMITY
7 = H NE H+NE
" E £ Material transformation - T 249000 249.000 249.000
L|E|ls -
§ g Material stocks - 5 127 500 R 127.500 127.500
7 " "
3 Total socio-economic system - H 127.500 249.000 376.500 376.500
Natural environment - NE R .
TOTAL MATERIAL USE BY ACTIVITY - H+NE 127.500 249.000 376.500 376.500
Socio-economic system TOTAL
- Natural MATERIAL
Input-output table for - Total socio: .
P p M??enaf ) Material stocks | economic environment SUPPLY BY
R esi d u aIS transformation . ACTIITY
7 = H NE H+NE
" E g Material transformation - T 41 200 41.200 548,300 589.500
- 5] .
§ g v Material stocks - & 15900 _ 15.900 G700 32,600
7 " "
3 Total socio-economic system - H 15.900 41.200 57.100 555.000 612.700
Natural environment - NE 0.700 - 0.100 0.100
TOTAL MATERIAL USE BY ACTIVITY - H+NE 16.000 41.200 57.200 555.000 612,200
Socio-economic system TOTAL
- Natural MATERIAL
Input-output table for ALL - Total socio: .
p p — M??enal' . Matenal stocks economic environment SUPPLY BY
MAT E R IALS transformation . ACTNITY
T 5 H NE H+NE
5 E £ Material transformation - T — 200 200 290.200 545,300 838.500
E g 2 Material stocks - & 143,400 _ 143.400 6,700 150.100
@ - "
3 Total socio-economic system - H 143.400 290.200 433.600 555.000 988.600
Natural environment - NE 695,100 - 695.700 695.100
TOTAL MATERIAL USE BY ACTMITY - H+NE 838.500 290.200 1,128.700 555.000 1,683.700
Balance (material accumulation by the activity) 140.100 140.100 -140.100 |
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141. It can be noted that at this aggregation level we did not show the internd flows of any of the
individual entities (the two subsystems of the socio-economic system and the natural system): this can be
seen from Table 3.4, where we did not include figures in the cells of the main diagonal of the tables even if
the corresponding flows exist (black cells). Including or not in the account these flows makes a big difference
for the data reported in the SUTs for the respective entities, since they would have to be included both among
their supplies and among their uses. In this case it would not be possible to know from the SUTs how much
of the inputs and of the outputs of that entity are in reality exchanges with other entities and how much are
interna flows of that entity.

142. We have for the moment excluded the interna flows of the individual entities from the account
because this would make it difficult, if not impossible, to read in the SUTs the information concerning the
guantities of materials that each entity provides to or draws from the other entities. The information content
of the SUTs is thus maximised and the need for PIOTs reduced. The only apparent disadvantage is that the
total internal flows of the socio-economic system as a whole seems to depend on the number of subsystemsin
which it isdivided: the larger their number, the more internal flows captured, the bigger the total (see section
Chapter 1.13). It should be clear however that the flows do not change in redlity, and this is only a
conseguence of looking closer and closer at the system.

143. We will exclude the interna flows of the most disaggregated entities also in the next versions of our
sample SUTs and PIOTs schemes. For coherence with monetary input-output tables, an exception will be
done for the internal flows of the individual production activities, dealt with in section 5. For the purpose of
NMFAcc, aso the measurement of the interna flows of these activities must be coherent with current
national accounting practices to ensure comparability between monetary and physical aggregates; in
particular, the elementary units whose flows are measured must be the same (e.g. local kind of activity).

3.6. Mixed recording of gross and net flows and summary example PIOT

144, The digtinction between gross and net flows is a general one that applies to al entities and the
calculation rule is the same given for the socio-economic system as a whole in the previous section. By
applying this procedure, we can calculate the net additions to the stocks, as these are nothing else than their
net flows and know how these are composed by material kind. We can now see flows of products going into
the accumulation subsystem, and products and resduals going out of it, and thus tell that the 140.1 million
tons of accumulated materials are the result of a net use of products of 249-127.5=121.5 million tons and of
residuals of 41.2-22-6=18.6 million tons.

145, Besides calculating the net flows of an entity, we might want to record only these net flows in the
tables, changing the definition of the entity (thisis useful especially in the cases where only data on net flows
are available). In the case of the stocks, we should in this case change the name of the accumulation
subsystem from “stocks’ to “net additions to stocks’. “Net additions to stocks’ would have non-zero values
only in the use table; these values would be equal for each material to the difference between the quantity of
that material used by the stocks (as reported in Table 3.5) and the quantity of the same material supplied by
them (as reported in and Table 3.6). The column for the “ net additions to stocks” in the supply table would be
null and could therefore be dropped without 1oss of information.

146. If we choose to record “net additions to stocks” only, we are concentrating on their role of “sink” of
materials, i.e. as destination of the materials that are not given back to the environment by human activities. If
on the contrary we want to emphasise the role of net supplier or of source of materials of some entity, we
have to net out the (supposedly minor) quantities of materials which that activity uses from those it supplies,
and record only its net (out)flows in the supply table. In both cases, if we drop the null columns, we have
SUTs pairs where not exactly al the same entities are reported in both tables.
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147. Moreover, we might want to emphasise different roles of the same entity with respect to different
kinds of materials. In this case, we may record for a given entity only the net (in)flows of a certain material
category in the use table (emphasis on the role of user or sink of the entity for those materials) and only the
net (out)flows in the supply table (emphasis on the role of supplier or source of that entity for those
materials). For examplein the case of stocks we may record the net uses for products and the net supplies for
residuals. This would amount to splitting the overall net addition to stocksinto a net inflow of products and a
net outflow of residuals.

148. Also the PIOTs of Table 3.4 report gross flows from/to stocks. We might want, however, to report
also in aPIOT some flows net instead of gross, e.g. for coherence with the monetary 10Ts. In order to report
for a given “sink” entity net uses only, we have to replace the column of this activity by the difference
between it and the corresponding row transposed, where the quantities supplied by the same entity are
recorded. The row could then be omitted. This operation results in a not perfectly symmetric table, since the
entities specified in the rows are not the same as those in the columns anymore.

149. Alternatively we may want to replace some row with the difference between it and the transposed
column of the same entity, and drop the column. Whether it is the row or the column that we want to drop
from the 10T depends on whether we want to highlight the function of net user or “sink” (column) or that of
supplier or source (row) of the entity. We might even want to highlight the different roles played by the same
entity with respect to different materials, i.e. to record net supply flows for some materials and net use flows
for other materials. E.g. the environment is a pure supplier of natura resources and a net absorber of
residuals.

150. In our three entities case, for ingtance, starting from the last table of Table 3.4, we can condensate
most of the information contained in the first four tables of the same figure, by:

e reporting the net uses of products by accumulation in a specialised column of the 10 table (without
the corresponding row which would be null) and separating this column from that dedicated to
accumulation of residual's (which we continue to record gross, in both row and column),

e gplitting the natural environment row into the supply of natural resources, ecosystem inputs and
resduals, so that they can be reported separately.

151. The table now isthat of Table 3.7, where we can immediately see, for instance, that the net flow of
products from transformation to net additions to stocks is equal to 121.5 million tonnes. This corresponds to
the difference between the gross flow of products from transformation to stocks (249 million tonnes) and the
gross flow of products from stocks to transformation (127.5 million tonnes).

152, Table 3.7 hints to how it is possible to expand the natural environment row and column of a
summary PIOT in order to keep the desired detail on the composition by material of inputs and/or outputs
involving the natural system. In principle there is no limit to this disaggregation, which is implemented to a
high degree of detail in partial realisations of the accounting scheme presented in this section (see Chapter 4)

153. It is dways advisable to compile the accounts by recording gross flows whenever possible, and to

aggregate the information for presentation purposes and according to monetary national accounting standards
only in asecond stage.
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Table 3.7 — Example aggregate summary PIOT with net products’ uses by accumulation and details by kind of
material

154.
Socio-economic §)§gem Natural TOTAL
H . et Material Total socio- environment - MATERIAL
Ag g reg ate PIOT with trann:?off;ziion accumulation stocks . economic absorption of SUPPLY BY
details by kind of material of procucts Residuals system residuals ACTMITY
T 57 52 H NE H+NE
o Material transformation - T o 1 124500 41.200 162.700 548 300 711.000
L2 E
-% g & Material stocks - Residuals 15,900 6.700
=18 - - 15,900 22.600
L] 8 )
@ Total socio- i -H
i ——— 15.900 121.500 41.200 178.600 555.000 733.600
. Matural resources 270.000 } } 270.000 . 270.000
E Ecosystem Inputs 425000 425.000 ; 425.000
2 3 Residuals 0.100 T ) T
@
Natural environment - all materials §95.100 ; ; 695.100 ; 695.700
TOTAL MATERIAI USE BY ACTIVITY - H+NE
711.000 121.500 41.200 873.700 555.000 1,428.700
Balance (material accumulation by the activity) - 21,500 18600 140.100 -140. 100
4, Further subdividing the socio-economic system according to economic
concepts
155. The socio-economic system is a complex system in which alarge number of different activities are

carried out. In the present section we refine the analysis of its material metabolism by introducing a more
detailed and analytically meaningful partition of its activities, building on the one aready introduced into
transformation and accumulation. We will establish this further partition on the basis of the conjunction of
these purely physical concepts with economic categories, in consideration of the importance of economic
forces in determining the flowing of materials between the environment and the socio-economic system and
within the latter. Such a partition makes the comparison between physical and monetary aggregates
meaningful; moreover it makes a more detailed analysis of both of the cross-boundary and internal material
flows of our focus system possible. For the sake of exposition, in the present section we will continue
pretending that the whole world is a single country, or that our focus country is under a glass bowl.

4.1. Value flows and material flows: two distinct aspects of human activities

156. In order to make proper use of national accounting concepts in material flows accounting, it is
convenient to recdl here what is covered in the accounts of the SNA — and what is not — by quoting the SNA
itsalf:
“The accounts of the System are designed to provide analytically useful information [...]
by recording the values of the goods, services or assets involved in the transactions
between ingtitutional units that are associated with these activities rather than by trying to
record or measure the physical processes directly. For example, the accounts do not record
the physical consumption of goods and services by households - the eating of food or the
burning of fuel within a given time period. Instead, they record the expenditures that
households make on final consumption goods and services or, more generaly, the values
of the goods and services they acquire through transactions with other units, whether
purchased or not” (par. 1.12 SNA93).
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157. A physical accounting scheme of socio-economic metabolism such as the one we are setting up
covers an aspect of human activities different from that covered in the SNA, sinceit records and measuresthe
physical processes directly. Indeed, it constitutes a satellite system of nationa accounts of the type that “is
mainly based on concepts that are alternatives to the ones of the SNA” (SNA, ch. XXI, §21.46). However, a
paralld can be established between some physical flows recorded in NMFAcc and some value flows
recorded in nationa accounts. It is by using this parallel that we get interesting information linking the two
plans, e.g. about material intensities per unit values.

4.2, Relation of the economic categories of production, consumption and capital
formation to material transformation and accumulation

158. An appropriate subdivision of the activities of the socio-economic system is necessary for
establishing a correct parallel between physical and value flows. Three types of economic activity are covered
in the SNA: production, consumption and accumulation. It is necessary to clarify how these economic
concepts —which point to the role of the activities in the creation/circulation of economic value — relate to the
purely physical concepts of transformation and accumulation.

159. “Production” cannot be referred as such to materials, since in the physical domain (differently from
that of value) there is no creation, but only transformation or accumulation of matter. It is clear that every
economic production process, involving a change in the physical state of some matter, is a materia
transformation process. However, not al man-made transformations of matter are productive in national
accounting terms. “Production” therefore identifies certain activities on the basis of their role on the value
plan; it can be used on the material plan by extension, in order to distinguish these activities from other
transformation activities and describe their physical aspect in PSUTsand PIOTSs.

160. Also “consumption” cannot be referred as such to materials, since in the physical domain there is
no destruction; as for “production” however it can be used to identify certain activities on the basis of their
role on the value plan. Let us firg of al distinguish intermediate from fina consumption. Intermediate
consumption refers to the use of products as inputs in production activities, whose result from the physica
point of view is the transformation of these products partly into residuals and partly into other products. Final
consumption refers to the acquisition of goods and services by households for non-productive uses, including
human metabolism. The products used in final consumption may be transformed in residuals in the same
accounting period or in later accounting periods. Let us therefore further distinguish household's final
consumption into two kinds of activities:

—  Current final material consumption activities, that transform products into residuals within the same
accounting year in which they are purchased; from the physical point of view these activities are not
different from production activities: the only difference is that there are no products between their
outputs (otherwise they would be production activities). This reflects their role in the value
creation/circulation chain. Current fina consumption belongs to the transformation subsystem,
along with production activities.

— The purchase, disposal and dissipation of consumer durables, i.e. of goods that are not transformed
into residuals in the same accounting period in which they are purchased by households for fina
consumption purposes; these activities belong to the accumulation subsystem. Durable goods are
indeed part of the stocks of the socio-economic system and are not different, from the physical point
of view, from other products intended for repeated use (capital). However, they are not assetsin an
economic sense, as they are not able to produce economic benefits for the ones who hold them.
Therefore, we will keep them distinct from other stocks and the exchanges involving them distinct
from other final consumption activities.
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161. “Accumulation” as such can be referred to materials but it isimportant to note that:

— not all storage of economic value has an immediate counterpart in the physical stocking of materials
inside the socio-economic system (i.e. economic assets may be immaterial: e.g. financial assets,
software);

— not al physica stocks of materials inside the socio-economic system represent a storage of
economic value.

162. The second circumstance is the most important for the partition of activities to be used in physical
accounting. Indeed some materia s accumulated inside the socio-economic system do not constitute economic
assets in themselves. As aready seen, one such item are consumer durables; another one is waste stocked in
controlled landfills, which does not have any immediate counterpart in the value plan. Both do not constitute
accumulation of economic assets as they are not capable of bringing economic benefits to their owners. A
perfect correspondence between economic and physical accumulation may be found only for produced
tangible assets and for valuables (we will no longer consider the latter for smplicity, as it usually does not
represent a big quantity in physical terms, especially if compared to capital goods). For smplicity we will use
the name “capital” for these items, which are the “economic” subset of the material accumulation subsystem.
We will therefore keep “durables’, “capital” and “waste” as distinct parts of the accumulation subsystem, in
consideration of their different economic characteristics.

4.3. The importance of production activities in socio-economic material metabolism

163. Figure 3.3 schematically shows the relationships between the natural environment, production,
current final consumption, capital and other material accumulation.

Figure 3.3 — Flows between the environment, production, current final consumption, capital and other material
accumulation

NATURAL ENVIRONMENT
N

= N

k/ 111 < PR1& WA 3.1 WA 121 >

NR PRODUCTION CAPITAL
PR 2.1
WA2 PR3 WA | PR
I 4[] 22
WA 1.2.2

El 2
ZRRENT FINAL | OTHER MATERIAL ACCUMULATION

N

CONSUMPTION (CONSUMER DURABLES AND
WASTE)
WA
1.1.2
\/

42



ENV/EPOC/SE(2006)4/REV 1

164. Asit can be seen from the figure, production isthe most relevant part of the socio-economic system
for what concerns its material metabolism. Indeed, production activities are at the centre of al the internal
exchanges of the socio-economic system as they:

— take directly from the natural environment al of the natural resources and most of the ecosystem
inputs used in the socio-economic system as awhole;

— transform environmental resources into products (all products, by definition, originate within the
production subsystem and flow within it and from it to the rest of the socio-economic system, e.g. to
non-productive activities of households);

— produce, manage and return to the natural environment most of the residuals generated by the socio-
economic system as awhole.

165. Asfar asthe input sde of the socio-economic system is concerned, no natural resources are taken
from the natural environment directly by human activities other than production ones. In other words, for
these resources the boundary with nature of the socio-economic system as awhole coincides on the input side
with the boundary of production with nature, so that for natura resources reference can be made indifferently
to the inputs of production as to those of the socio-economic system (flow NR in the figure). For ecosystem
inputs the situation is different, since current final consumption directly takes what it needs, e.g., for the
combustion processes that take place inside it. We therefore split the EI flow into a El 1 part — that of
production activities—and aEl 2 part — that of current consumption.

166. As far as the output side of the socio-economic system is concerned, the quantities of residuas
given back to the natural environment directly by transformation activities of the socio-economic system
(WA 1.1) have aso been split in two parts (WA 1.1.1 and WA 1.1.2) according to the part of transformation
that directly generates them. A similar subdivision of the residuals given directly to the environment by the
accumulation subsystem (WA 1.2) has been done according to its split into capital formation and other
material accumulation (respectively WA 1.2.1 and WA 1.2.2).

167. As far as the internal flows of the socio-economic system are concerned, it is now visible that all
materials going from transformation to accumulation are provided by production. Production provides al the
other parts of the socio-economic system with al the materials they use, with the only exception of
ecosystem inputs (flow EI2); production also receives residuals (waste) from the other parts of the socio-
economic system (flows WA3 — now split into WA3.1 from capital formation and WA3.2 from other
materia stocks —and WADS, aflow that was not visible before, from current final consumption). The residuals
given to production are in part transformed into products again, in part given back to the natura environment
(e.g. by incineration plants), in part stocked in landfills along with the other residuals generated by production
itself (flow WA4).

168. Current final consumption activities transform the products they receive from production into
resduals that are either given back to production (waste for management) or discarded directly in the
environment (e.g. gaseous emissions), possibly after having been combined with ecosystem inputs from
nature.

4.4. Detail by subsystem in the example tables
4.4.1 The transformation subsystem
169. Production activities are for the moment dealt with collectively and the production subsystem is

called industries. These will be later distinguished by kind. Since they are pure transformation activities, their
uses are equal, as an aggregate, to their supplies, i.e. their accumulation is exactly zero.
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170. Government consumption is not shown in the examples of the physical flow accounts since it is
assumed that government production is included under the industries heading. However, in the national
accounts of some countries the details of government inputs may be recorded as final consumption.

4.4.2 The accumulation subsystem

171. With respect to Figure 3.3, in the SU and 10 example tables of this section we further subdivided
the stocks of the socio-economic system, and therefore the flows to and from accumulation, according to the
different kinds of stocks identified so far, which have quite different characteritics. In particular we split
capital formation into inventories and other capital and other material accumulation into consumer durables
and controlled landfills and other waste storage. The complete headings of the example tables are therefore as
follows:

Socio-economic system

Households’ final pti Capital fq i TOTAL
Current final Total Total material Controlled Total material Total socio- Natural MATERIAL
Industries Consumer households’ Inventories Other Total capital | landfills & other economic environment SUPPLY BY

material transformation - stocks
durables final change capital formation waste storage system ACTMITY
consumption .
consu I]]F[IDII
I ] c2 c=ci+cz =TT Ki Kz K=K1+K2 L S=CRHK+L H’TTC:SK*L NE H=NE
172, Inventories have already been mentioned severa times, and their role in the economic cycles should

by now be clear; they also include work-in-progress goods, and among these cultivated biological assets
yielding products once only on extraction, such as live animals for slaughter and trees cultivated for making
timber. Other capital comprises buildings of al sorts, infrastructures, machinery and mature biological assets
that yield repeated products.

173. In distinguishing inventories from other capital we also will record their changes only, rather than
their gross flows. Recording additions to the inventories as net flows corresponds to the normal practice in
monetary Input-Output tables. This might also be easier in terms of data requirement, since only data on net
change may be available. As a consequence the headings are entitled to inventories change. The column of
the supply table and the row of the PIOT are empty for this activity and if we wanted to we could omit them
from the tables. This corresponds to SNA conventions and facilitates comparison between monetary and
physical data.

174. The controlled storage of waste on landfills or public infrastructure is shown as retention of
residuals within the socio-economic system and thus an accumulation within the socio-economic sphere;
however, it isnot part of capital formation.

175. The way activities are ordered in the SU and 10 tables depends on whether one wants to group the
flows prominently according to an economic criterion or to a materia transformation/accumulation one. We
privileged the first one for the reasons pointed out above. However, we aso highlighted the subdivision
reflecting the purely material point of view by shading the accumulation headings and keeping subtotal
headings for both subsystems, next to the subtotals for the economically relevant subdivisions.

4.5. Flows by kind of material and example PIOTs for products and residuals

176. The way the different activities are involved in material flows is described here again with afocus
on the different materials kinds. For the aggregates of “al products’ and “all residuals’ this is done by
presenting example input output tables. These however do not show the details by individual materials. More
information at thislevel can be found in the supply and use tables, presented below.
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4.5.1 Flows of natural resources

177. Natural resources are drawn from the environment by production activities only. They can be
harvested directly by households for own account use, for example fuel wood collected by households, which
isaproduct according to the SNA. In practice measurement of these flows may be difficult.

4.5.2 Flows of ecosystem inputs

178. Ecosystem inputs flow from the environment to production and to consumption. Industries and
households absorb oxygen for combustion and respiration. As for production, they are the most important
input to production of biomass products (e.g. agricultural crops and timber in managed forests), and play a
fundamental role in the energetic use of fossil fuels (combustion). Combustion processes take place in
household mainly in activities such as own account transport and heating.

4.5.3 Flows of products

179. Products are reported in PSUTs and PIOTs insofar as they incorporate natural resources and
ecosystem inputs. By definition all products originate within production, as can be seen in the example of
Table 3.8 (where the cells with grey background report information that was already present in Table 3.7 and
the black cell could in principle report data). They go:

» to householdsto satisfy final consumer needs (final consumption):
o tobetransformed in residualsin the same accounting period (current final consumption);
o tobetransformed in residuals after repeated use (durable goods).

» to capital formation:
o tobeused oncein production as intermediate inputs in some subsequent accounting period
(inventories);
o tobeused as an instrument in production of other products repeatedly and over a period of
time longer than the accounting period (other capital).

180. Products are aso used by the industries themselves for the production of other products in the same
period in which they are produced (intermediate consumption) but we do not represent this flow in Table 3.8
for the reasons presented in the previous section. There are no internal flows of products between the
different components of the stocks, because the activity to move materials from one stock to another would
have these materials as input (e.g. construction materials present in the inventories put into a building).
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Table 3.8 — Example PIOT for products with the activities of the socio-economic system subdivided according
to economic and material categories and with inventories as net uses

Socio-economic system
|nput-0utput table Households' final consumption Capital formation Controlled TOTAL
s Total landfills & Total Total socio- Natural MATERIAL
q Total matenial e ——
for PrOd UCtS Wlth Industries C:;:netrgr?al Consumer | households’ !r:nif;?;;!:fn Inventaries | Other c:nti?all other matertal | economic | environment | SUPPLY BY
inventories as net consumption dmekEs LT Sl capital fnrmpatiun waste stecks system ACTMTY
consumntion storaqe
uses I c1 c2 C=C1+C2 T=rCT Ki K2 | K=K1+K2 L |s=coee HIRCR NE H+NE
L=T+§
Industries - | I 5500 1000 38.500 20.5001 46000 157500 111,500 E 121.500 | 150.000 B 150.000
— Current final material :
]
S = consumption - G1 !
= s I
T B | Consumer durables - I
= I
s = (o] 1
= @
@ £ | Total households’ :
=S: © | final consumption - 1
H C=C1+Q2 :
s Fota! ma'g”;:f :fc”fm””a””” ; 28,500 10000 38.500 20.500] 45000 f5RED0 171.500 : 120,500 | 150000 - 150.000
.E Ivertories change - | |~
g ki
3 Eg Other capital - K2
8| &% g
8| 8¢ Total capital
M = formation -
K=K1+K2
Controlled landfills & other
waste storage - L
Total material stocks -
S=C2HRAL
Total socio-economic system
- 28.500 10.000 38.500 28.500 : -46.000 157.500 111.500 - 121.500 150.000 - 150.000
H1=I+C+K+L =T +§
Natural environment 8 - - & - 8 8 - S 5 8 -
TOTAL MATERIAL USE BY
ACTIVITY - HNE - 28.500 10.000 38.500 28.500  -46.000 157.500 111.500 - 121.500 150.000 - 150.000
182. It can be noticed that the figures concerning the exchanges between transformation as awhole (as a

black box) and stocks as a whole can be found unchanged in the present version (there only is one non-null
flow, 121.5 million tons of net uses of products). Indeed, nothing has changed in our country under the glass
bowl, only some more detail has been introduced in the description of its flows. The measure of tota
products’ flows changed with respect to that reported in the products part of Table 3.4 (376.5 Mt) because:

» some additiona internal flows of the socio-economic system that could not be “captured” before
are now visible, namely internal flows of the transformation subsystem (28.5 million tonnes from
the industry part of transformation to the consumption part);

» some interna flows that were shown before are not reported anymore, namely the flows from and
to inventories that have been netted out (127.5 million tons, counted once as input and once as
output of the inventories).

The 150.000 Mt figure isindeed equal to (367.5-127.5*2+28.5) Mt, which is also equal to the 121.5 Mt net
use of products by the stocks +28.5 Mt internal flows of transformation now visible.

4.5.4 Flows of residuals

183. Products generate residualsin the course of production but also when they are finally consumed and
discarded. In physical accounting there are two distinct flows connected to final consumption, unlike in
monetary accounting where only the acquisition of the products by households matters. Indeed, also the time
of discard is important in physical terms. In monetary accounts only one kind of transaction is recorded
concerning final consumption as thisis dealt with exclusively under the aspect of the acquisition of products
by households. This kind of transaction has an immediate physica aspect, which is recorded in physica
accounts. In addition to this, in physical accounts consumption is dealt with also as physical use of the goods
resulting in their discard, so thereis another flow (of residuas) that does have no correspondence in monetary
accounts.
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Table 3.9 — Example PIOT for residuals with activities of the socio-economic system subdivided according to
economic and material categories

Socio-economic system
Households® final consumption Capital formation Controlled e MAT%L
i atura
- R Total Total material landfills & Totar Total soc{o- 3 MATLRIAL
In pUt OUtPUt table | inusties | Curent sl Cansumer | households' |yonsiormation |INventories | Other Total other material | economic | environment | SUPPLY BY.
- matetial durabl final ransionnmation h ol capital waste - system ACTIVITY
for ReSId uals consumption uranies ina . change capita formation
consumntion storage
1 c1 c2 c=C1+C2 T=i+G1 K1 K2 | K=K1+k2 L S=C2HCH HZ’*?*;“L NE H+NE
=T+
Industries - | - 5 S S - - = S 41.200 41.200 41.200 470.500 511.700
I
§ _ | Gument final material 7.700 . . . 7700 . . . . . 7.700 77.800 85.500
= consumptian - C1 H
£= C””Sumeéfu’ab‘es - 2.400 . . ; 2.400] - - ; . . 2400 1.000 3.400
s £
g = Total households’ :
§ H g | final consumption - 10.100 - - - 10.1001 - - - - S 10.100 78.800 88.900
£ LT C=C1:Q H
] | T material ansformastion - 7.700 : : e rra) : e #1200 41200  48.900 58,900  597.200
g Inventories charge - | T
8| =5 . ;
g = B Other capital - K2 13.400 g g - 13.400 5 5 - - g 13.400 1700 15.100
8 E £ Total capital
Ua? 2 formation - 13.400 - - - 13.400 - - - - o 13.400 1.700 15.100
K=K1+K2
Controlled landfills & other 0.100 ; ; ; 0100 A A ; A . 0.100 4.000 4.100
waste storage - L
Total material stocks -
SO 15.900 = = 15.900 = = = = - 15.900 6. 700 22.600
Total socio-economic system
HelsCoKol =T+§ 23.600 23.600 41.200 41.200 64.800 555.000 679.800
Natural environment 0.100 - - 5 0.100 ] - - 5 - - 0.100 - 0.100
TOTAL MATERIAL USE BY
ACTIVITY - H-NE 23.700 - - - 23.700 - - - 41.200 41.200 64.900 555.000 679.900
184. As aso shown in the numerical example of Table 3.9, the residuals generated in final consumption,

whether of durables or of non-durables, may be either discarded directly to the natural environment or given
back to production activities for management and possibly for reuse and recycling, according to the kind of
residual (e.g. gaseous residuas mostly go directly to the environment, while solid waste mostly is taken care
of by specialised activities) and to the organisation of society. In the table it can be seen for instance that
current final consumption generates 85.5 Mt of residuals, of which 7.7 Mt are given to production and
77.8 Mt directly discharged into the environment.

185. Direct residua outputs to the environment come from both production and consumption, as well as
from stocks. The direct output of resduals towards the environment in the capital account consists of
emissions such as leakage from infrastructure. Part of the residuals are ‘used’ by the socio-economic system
in landfill sites. Leakage and emissions from controlled landfills compl ete the flows from the socio-economic
system to the environment.

186. We can now see that the small flows of residuals that may occur from the environment to the socio-
economic system are an input to activities belonging to the production subsystem. The cleaning-up of
polluted sitesis indeed a productive activity like many other environmental protection activities.

187. The gross output of residuals of the socio-economic system is equal to the output of residuas
generated in this system, including the amount of residuals that may be re-absorbed in a second stage due to
recycling or waste and wastewater treastment. We did not net out residual flows for any activity in our
example PIOT, so we can read the measure for the gross residual output visible at the disaggregation level of
the present section in the rightmost cell of the “total socio-economic system” table: 619.8 Mt. The net output
to the environment can also be read in the table, in the cell next to it: 555 Mt, as we already had seenin Table
3.7 (remember it is a measure independent from aggregation).

4.5.5 Flows of unused materials

188. Flows of unused materials are generated exclusively in production activities, since it is only these
activities that extract natural resources. It must be recalled that in national accounting production carried out
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by households for their own consumption is included under the industries. In the supply and use tables
presented below, the flows of unused materials hypothesised in our example have therefore been attributed
100% to the industries.

4.6. Summary example PIOT showing details by kind of materials

189. Table 3.10is the result of the application of the further subdivision of the socio-economic system
extension to Table 3.7. This table alows to get in a condensed form al of the information present in the
detailed tables for products and residuals.

4.7. Some accounting treatment remarks

190. In general, as far as the accounting of products mass is concerned, this can be either exclusive or
inclusive of packaging. In the coarse classification of products we adopted for our example we did not
include a separate item for packaging, therefore in this case it is inclusive. However, while information on
weight including packaging can be useful in relation to analysis of transport needs, separate accounting for
the goods and the related packaging is normally to be preferred.

191. For the correct attribution of the flows to the supplying and using activities it is important to note at
which stage the flows are generated and the roles of the actors involved. For example:

» food scraps coming from a restaurant will be treated as residuals coming from production;

» the food consumed by a consumer in a restaurant represents a physical flow from a service
industry to households final consumption, like the purchase of food from carryout or home
catering, and these flows should be recorded under the flows of products (even though in economic
terms the activity is classified as a service activity);

» food scraps coming from the remains of the products delivered by a carry-out service or from
home catering will be treated as residuals coming from consumption.

192, Even if they loose their economic value gradually, consumer durables and capital goods remain in
the respective kinds of stocks of accumulated material until disposed of. Consumer durables are discarded at
some point in time. When they are, a corresponding entry of residuals appears in the column entitled to
consumer durables in the supply table. Most of these residuas go to the waste management industry and
therefore will be recorded as inputs of residuals to production in the use table. A certain quantity of end-of-
life consumer durables may also be dumped directly to nature, and will appear in the natural environment
column of the use and of the input output table for residuals.

193. As dready noted, besides capitd formation, vauables should also be considered in principle.
However the direct contribution of their flows to the socio-economic material metabolism is usually so small
that it can be overlooked.

194. Since there is no flow of products from other capital, gross and net additions to capital stocks other
than inventories coincide as far as products are concerned. The other capital column of the supply table and
the other capita row of the 10 table however are not empty, since there are residual flows from these stocks,
such as e.g. demoalition waste. Therefore it is not possible to omit them, while it is possible to omit the
inventories column of the supply table and the other capital row of the IO table when inventories are recorded
as net uses (inventory changes).

195. When the flows of inventories are accounted for in net terms the figures under the total capital

formation column headings in the use table and in the PIOT concern only products. These figures are
therefore fully coherent with the corresponding monetary values provided by national accounts.
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Table 3.10- Example aggregate summary PIOT with activities of the socio-economic system subdivided
according to economic and material categories, net products’ uses by accumulation and details by kind of
material

Socio-economic system
Aggregate PIOT ey Households® final consumption Capital i @ o ) TOTAL
. . . (Environment | Current final LEiL] Total material ) Total | landfiis& | 0% LELLESE 5 Natural | MATCRIAL
with details by kind — e —— C;unsg‘mer households™ |, = e \nvt;munes Olher‘ capital | other waste matariai economic | environment | SUPPLY BY
i and residuals)| consumption ranies WL change capita formation storage S system At
Of materlal consumption
| c1 [or] C=C1+C2 T=+C1 K1 K2 K=K1+K2 L S=C2HEHL | H=IHCHKHL =T+ NE H+NE
Q Products 28.500 10.000 38.500 28.500 H -46.000 157.500 111.500 = 121.500 150.000 - 150.000
£ i
E Residuals : 41.200 41.200 41.200 470.500 511.700
1
_ Current final material :
S consurmnption - C1 7.700 o o - 7.7000 7.700 77.800 85.500
HE Residuals I
g2 ET durables - G2 i
s E| onsumer duradles 2.400 2.400 | 2.400 1.000 3.400
oE e Residuals 1
E| |2 §| Total residuals from ]
= 2 households’ final 10.100 - - - 10.100 : 10.100 78.800 §8.900
§ consumption - C=C1+C2 1
& Total matenial transformation - :
g T={+C1 7.700 28.500 10.000 38.500 362001 -46.000 157,500 111.500 41.200 762,700 198.900 548.300 747.200
“ All materials
Residuals from other capital - K2 13.400 - - : 13.400 - - : S - 13.400 1.700 15.100
Controlled landfils & other 0.100 . . . 0.100 . . . . : 0.100 4.000 4100
Total residuals from material
stocks - SCIHH 15.900 = = o 15.900 = = o o = 15.900 6.700 22.600
;:;féf‘:::f:;f;’“’:r'f msgz‘iﬁ ” 23,600 28500 10.000 38.500 52100 -46.000 157.500 | 111.500 41.200  162.700 214.800 555.000 760.800
= Natural resources 270.000 = - 270.000 o o o o o 270.000 o 270.000
E g Ecosystem Inputs 368.000 57.000 - 57.000 425,000 - - - - - 425.000 o 425.000
B “resysem npdes
E g Residuals 0.100 - - - 0100 g 5 g 5 g 0.100 g 0.100
Natural i t - all
H e 634.100 57.000 : 57.000 695.100 : . : - . 695.100 . 695.100
w 661.700 85.500 10.000 95.500 T47.2000  -46.000 157.500 111.500 41.200 162.700 909.900 555.000 1.464.900
Balance ("'?:]‘*E":"ﬂ?:i““ mulation by 6.600 6.600 -1 46.000 142400 96.400 37100 140.100 140.100|  -140.100

4.8. Example PSUTs

196. Table 3.11 shows how the individual materials and kinds of materials contribute to the total use of
materials by activity. For natural resources this table shows that these materials are used directly by
production only, without — for the moment — any further specification. For ecosystem inputs it shows that
they are used directly by production and final consumption. The all products and all residuals rows of the use
table are identical to the respective last rows of the two specialied PIOTs shown above. E.g. for products, the
all productsrow, which is given by the sum of the 7 preceding rows, isidentical to the last row of Table 3.8.

197. Reading the use table by column, we can see the composition by material of the total uses of a
given activity, e.g. in our example current final consumption has had a total input of 85.5 million tons of
materias, of which 57 million tonnes of oxygen from the atmosphere for respiration and combustion and 28.5
million tonnes of products. Going into further detail, we see that the latter were in fact 9.5 million tons of
animal and vegetable products, 15.5 of energy products, 0.5 of metal products, and 1 each of plastic, wood
and paper and other products. Besides these materials, households used (gross accumulation) 10 Mt of
durables.

198. Reading the table by row, we can see the composition by activity of the total uses of a given
material, e.g. in our example wood and paper products, have been used by households (3 Mt of which 1in
current consumption goods and 2 in durables), by inventories (1.5 Mt as net use) and by other capital (2 Mt).
It can be noted that for all other products the inventories have rather played arole of net supplier than of net
user (i.e. net uses are negative). Hazardous waste has been used by production (2.3 Mt), stored in landfills
(10.7 Mt) and discharged in the natura environment (0.5 Mt) for atotd of 13.5 Mt.
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Table 3.11 — Example material use table with activities of the socio-economic system subdivided according to
economic and physical categories and net changes for inventories

Socio-economic system
Households® final consumption Capital fc
Total Controlled Total socior | Natural | [QTALUSE
Industries | U3\ concrne | households | TP | e Total | landflls & | Toial material | © Lo | environment | | BE
USe material |, transformation Cther capital | capital | other waste stocks MATERIAL
urables final change N system
cansumption . formation storage
consumption
1 1 c2 C=C1+C2 T=pCT Ki 12 K=K1+K2 L s=cowes | M1 }e’SK"" NE H+NE
N1 - Fossil fuels B5.000 - - - B5.000 - - - - - B5.000 - 65.000
@ N2 - Ferrous metal ores 5.000 S o o 5000 S S o o S 5000 o 5.000
5 N3 - Non-ferrous metal ores 25.000 o o o 25.000 o o o o S 25.000 o 25.000
§ 4 - Industrial minerals 15.000 S o o 15.000 S S o o S 15.000 o 15.000
= N5 - Construction minerals 140,000 S o o 140,000 S S o o S 140,000 o 140.000
s NG - Non-cultivated hiomass 5.000 S o o 5000 S S o o S 5000 o 5.000
= N7 - Wyater 15.000 - - - 15.000 - - - - - 15.000 - 15.000
N - All natural resources 270.000 - - - 270.000 - - - - - 270.000 - 270.000
& | ET - Water absorbed by cultivated plants
S and animals 25.000 o o o 25.000 o o o = = 25.000 - 25.000
= E2 - Oxygen for combustion and
E respiration 278.000 57.000 - 57.000 335.000 - - - - - 335.000 - 335.000
2| E3- COZ2 and nutrients for cultivated
é‘ plants 65.000 - - - 65.000 - - - - - 65.000 - 65.000
[y E - All ecosystem inputs 368.000 57.000 - 57.000 425.000 - - - - - 425.000 - 425.000
P1 - Animal and vegetable products - 9.500 3800 13.000 9.500 -8.000 1.000 -7.000 - -3.500 6.000 - 6.000
PZ - Stone, gravel and building materials - - - - - -5.000 144.000 132.000 - 132.000 132.000 - 139.000
@ P3 - Energy commodities - 15.500 - 15.500 15.500 -27.000 - -27.000 - -27.000 -11.500 - -11.500
s P4 - Metals, machinery, etc. - 0.500 1.500 2.000 0.500 -2.000 5.500 3800 - 5.000 5.500 - 5.500
E PE - Plastic and plastic praducts - 1.000 1.000 2.000 1.000 -2.000 2.000 0.000 - 1.000 2.000 - 2.000
55 PE - Wood, paper, etc. - 1.000 2.000 3.000 1.000 1.500 2.000 3800 - 5.500 6.500 - 6.500
P7 - WVater, chemicalg and other - 1.000 2.000 3.000 1.000 -3.500 3.000 0500 - 1.500 2,500 - 2.500
P - All products - 28.500 10.000 38.500 28.500 -46.000 157.500 111.500 - 121.500 150.000 - 150.000
W1 - GHGs, acidifying substances,
ozone layer depleters = = = = = = = = = = = 300,000 300.000
W2 - Heavy metals to air - - - - - - - - - - - 0.020 0.020
W3 - Other toxic substances to air
(POPs, PCBs, etc.) = e = = e e e = = e e 0.030 0.030
W4 - Other gaseous residuals fvapour,
2 oxygen, etc.) - - - - - - - - - - - 215.000 215.000
= W5 - Mutrients to water & S & & S S S & & S S 0.940 0.940
;:J Wh - Heavy metals 1o water - - - - - - - - - - - 0010 0.010
W7 - Other water-polluting residuals (oil
spills, solid waste etc.) 0.200 = = = 0.200 = = = = 0.200 1.000 1.200
WWE - Hazardous waste 2300 o o o 2300 o o o 10,700 10.700 13.000 0.500 13.500
W3 - Construction and demolition waste 11.300 S = = 11.300 S S = 13.000 13.000 24.300 1.500 25.800
W10 - Other non-hazardous waste 7.900 S = = 7.900 S S = 17.500 17.500 25.400 20.000 45.400
W11 - Manure, sewage, residual water 2.000 - - - 2.000 - - - - 2.000 16.000 18.000
W - All residuals 23.700 - - - 23.700 - - - 41.200 41.200 64.900 5§55.000 619.900

199. Table 3.12 shows how the individual materials and kinds of materials contribute to the total supply
of materials by activity and to unused flows (we omitted the latter information from the use table to avoid
repetition). For natura resources and ecosystem inputs this table shows nothing more than these materias are
supplied by the natural environment. The all products and all residuals rows of the supply table, transposed,
are identical to the respective last columns of the two PIOTs shown above (but for the omission of the
inventories heading from the supply table where al entries would have been null). E.g. for residuals, the all
residuals row, which is given by the sum of the 11 previous rows, isidentical to the last column of Table 3.9.

200. In our example, we can see e.g. that the total 85.5 million tonnes of products used by the current
consumption activity of households have all been transformed into residuals, and precisely into 48 million
tons of greenhouse gases and similar air pollutants, 27.76 Mt of water vapour, 0.14 Mt of nutrients emitted
directly into environmental waters, 0.1 Mt of other water polluting residuals, 1.4 Mt of hazardous waste, 4.8
Mt of non-hazardous waste, and 3.3 Mt of sewage. No accumulation occurs in this activity as by definition it
is distinct from that of consumer durables purchase and discard. On the contrary, from the durables stock a
guantity of residuals came out (3.4 Mt) that is lower than that (10 Mt) of the newly purchased goods of this
kind recorded in the use table, so that a net accumulation of 6.6 Mt by households as consumers occurred.

201. Reading the table by row, we can aso see that the 6.5 Mt of wood and paper products used in the
socio-economic system have been supplied (not surprisingly) by production activities. These also supplied
11.1 Mt of hazardous waste of the totd 13.5 Mt, the rest of which came from current final consumption (1.4
Mt), dismissal of durables (0.5 Mt) and capital (0.5 Mt).
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Table 3.12 — Example material supply table with activities of the socio-economic system subdivided according
to economic and physical categories

Socio-economic system
H holds’ final c i
Tlotal Total LTI Total Total socio- Natural HOTAT
Industries Current final Consumer| h holds® Total material capital landfills & worial . 3 t SUFFLY BY
ouseholds’ pita materia economic | environmen
Su pply material | e final transfonmation | o ion |otherwaste | — MATERIAL
consumption ina . storage syst
consumption
I ¢t c2 c=c1+@2 T=i+c1 K L [s=cose [MTRCTCE NE HNE
M1 - Fossil fuels o S S S S S o S S 65.000 65.000
§ N2 - Ferrous metal ores - - - - - - - - - 5.000 5.000
S M3 - Non-ferraus metal ores S & & & & & S & = 25.000 25.000
§ N4 - Industrial minerals o S S S S S o S S 15.000 15.000
T; M5 - Construction minerals - - - - - - - - - 140.000 140.000
E NG - Mon-cultivated biomass e = = = = = e = = 5.000 5.000
= N7 - \ater - - - - - - - - - 15.000 15.000
N - All natural resources - - - - - - - - - 270.000 270.000
£ | E1 - Water absorbed by cultivated plants - - - - - - - - - 25.000 25.000
% B EZ - Oxygen for combustion and - - - - - - - - - 336.000 335.000
& § E3- COZ and nutrients for cultivated . - - - - - . - - 55.000 65.000
o E - All ecosystem inputs - - - - - - - - - 425.000 425.000
P1 - Animal and vegetable products B.000 - - - B.000 - - - 6.000 - 6.000
P2 - Stone, gravel and building materials 139.000 - - - 139.000 - - - 139.000 - 139.000
@ F3 - Energy commodities -11.500 & & & -11.500 & S - -11.500 - -11.500
E P4 - Metals, machinery, etc. 5.500 - - - 5.500 - - - 5500 - 5.500
E P5 - Plastic and plastic products 2.000 - - - 2.000 - - - 2.000 - 2.000
o PE - VWood, paper, etc. B.500 - - - B.500 - - - B.500 - 6.500
P7 - WWater, chemicals and other 2,800 - - - 2500 - - - 2500 - 2.500
P - All products 150.000 - - - 150.000 - - - 150.000 - 150.000
W1 - GHGs, acidifying substances, 251.000 48.000 - 43.000 299.000 - 1.000 1.000 300.000 - 300.000
W2 - Heavy metals to air 0.020 - - 0.020 - - - 0.020 - 0.020
W3 - Other toxic substances to air 0.030 = = = 0.030 = e = 0.030 = 0.030
W4 - Other gaseous residuals [vapour, 183.240 27 760 1.000 28.760 211.000 - 3.000 4.000 215.000 - 215.000
i WG - Mutrients to water 0.800 0.140 & 0.140 0.940 & e = 0.940 = 0.940
g WE - Heawy metals to water 0.010 - - - 0.0m10 - - - 0.010 - 0.010
@ | W7 - Other water-palluting residuals (ail 0.900 0,100 - 0100 1.000 - 0100 0.100 1.100 0.100 1.200
o WG - Hazardous waste 11.100 1.400 0.500 1.900 12,500 0.500 - 1.000 13.500 - 13.500
W9 - Canstruction and demolition waste 13.000 S S S 13.000 12.800 o 12.800 25.800 S 25.800
W10 - Other non-hazardous waste 36.900 4.800 1.900 6700 41.700 1.800 - 3.700 45.400 - 45.400
W11 - Manure, sewage, residual water 14,700 3.300 - 3.300 18.000 - - - 18.000 - 18.000
W - All residuals 511.700 85.500 3.400 §8.900 597.200 15.100 4.100 22.600 619.800 0.100 619.900
TOTAL MATERIAL SUPPLY BY ACTIVITY 667.700 85.500 3400 38.900 741.200 15.100 4.100 22.600 769.300 695.100 1,464.900
Balance (material accumuiation by activity) 0.000 0.000 6.600 6.600 0.000 96.400 37.100 140.700 140.100 -140.100 -
o L1 - Wil biota 1.000 - 1.000 - - 1.000 1.000
33 U2 - Mining overburden 55.000 S 55.000 S - 55.000 55.000
% E U3 - Soil remaval 40.000 - 40.000 - - 40.000 40.000
3 U - All unused 96.000 - - - 96.000 - - - 96.000 96.000
202. Supply and use tables such as those just presented are easier to compile than the PIOTs for the

individual material kinds and contain much valuable information. In particular, they alow knowing the
complete input-output balance of any given activity by juxtaposing the columns of the two tables entitled to
it.

203. Though we introduced them as an intermediary step in the exposition of a more complete and
detailed scheme, the PIOTS and PSUTs shown in this section may be used as a reporting scheme on their
own, provided they are made more redlistic with the introduction of the relations with the rest of the world
(see section 6).

4.9. Further possible subdivisions of accumulation and consumption

204. Goods going to households as consumers and residuals generated by them could be further
distinguished identifying specific consumption purposes according to the specific aims of the accounts, such
as for instance own account transport and heating if the focus is on fuel use and/or air emissions. The
consumption columns of the PIOTs and the PSUTs may be expanded accordingly. In general, information on
households' final consumption should be disaggregated according to the Classification of Individual
Consumption by Purpose (COICOP), in order to alow comparison between material inputs and their values
by purpose of the consumption activity.

205. In the cases where government inputs are recorded as final consumption in national accounts, the

physical accounts should record government consumption by purpose (according to the COFOG —
Classification of the Functions of Governments) in a similar way to households' final consumption.
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206. The other capital heading could be further subdivided into fixed capital and valuables. The latter
contribute very marginally to the material balance in terms of direct flows. Nevertheless, it may be interesting
to distinguish them as they usually induce very important indirect flows.

207. The input flows to capital formation could be further distinguished according to the production
purpose for which the goods will be used or by main activity of the purchasing unit. The corresponding
columns of the PIOTs and the Use table may be expanded accordingly (it is not necessary to expand those of
the supply table nor the economic accumulation row of the 10 table, as we do not care for such a detailed
distinction of the residuals produced, and it would be too difficult in practice).

5. Differentiating production activities to track the internal flows of the
production subsystem

208. In highly functionaly differentiated economies, the output of one industry typically serves as input
for other industries and the metabolism of an industry also comprises the processing of materials within the
production system. Let us now therefore open the black box of production, which is as we have seen the
centra subsystem in the circulation of matter (not differently from that of value) and look inside it. We will
do this by making directly reference to the example tables, as the graphical description of such a system
would be exceedingly complicated.

2009. The example tables developed in the present section, which are fully coherent with those shown in
the previous sections, introduce greater detail in the accounting scheme in two important respects:

— They show therole of the individual industriesin relation to the absorption of natural resources and
ecosystem inputs as well as to the generation of products and residuals for production;

— They include details of the flows of products and residuals within the production subsystem.

The first expansion is a fundamental prerequisite for the analysis of the determinants of material flows at
the nature-socio-economic system boundary and for the study of the induction of indirect flows. It can be
in principle — and often is in practice — carried out without the need that also the second be. Also partial
breakdown of inter-industry flows is feasible, e.g. for particular categories of products. These issues are
dealt with in greater detail in section 6.6.

210. In the example PSUTs and PIOTs of the present section, production activities (industries) are
aggregated into four industries: agriculture, fishing and mining; manufacturing, electricity and construction;
waste management and other environmental protection; other services. The complete headings are therefore
asfollows:

' final i Capital formation

Waste Controlled .
Total Total socio- Natural

g . 2 Current final . | Totat material . landfills & | Total material : N
Total Consurmer households Inventories Other Total capital
fishing and electricity, other Other senices . N rmaterial transtornation N other waste Stocks
: industries durables final change capital formation system
mining | construction, etc. | emvironmen tal | | T | consumy ption storage

n 2 3 14 =I+12+13+14 c1 c2 C=C1+C2 T=i+G1 K1 K2 K=K1+K2 L S=C2+K+L  |H=C+K+L=T+S NE

211 Differently from the preceding section, in our example tables for this aggregation level we will also
show the internal flows of the individua activities (diagonal cells in the PIOTSs). This corresponds to the
monetary national accounting standards. Indeed the flows of economic activities are usualy surveyed at the
entry and exit of smaller entities than the industries (typicaly at level of the production units described
above). Availability of this information is important e.g. for the analysis of transport requirements. The
interna flows of a given industry are equal to the sum of the exchanges between the production units that
belong to it and would become entirely visible if we expanded the tables as to have one activity for each unit.
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5.1. Detail by activity

212. At the most detailed level, the unit involved in production is an establishment. For most firms, there
is only one establishment in an enterprise. Both establishments and enterprises can be aggregated to the level
of indugtries. While the difference between establishment and enterprise is important to national accountants,
the term * production unit” is used here to mean either of these (asrelevant in context) and the term “industry”
to mean a group of either. Industries should be classified according to the International Standard Industrial
Classification (ISIC) and dealt with in the accounts following national accounting conventions whenever they
are applicable.

5.2. Roles of the different production activities in the circulation of materials by kind and
example PIOTs for products and residuals

¢ Flows of natural resources

213. In general it is not difficult to identify the industries concerned with natural resource extraction
because there are only a limited number of industries involved. The most obvious industries, classified
according to ISIC Rev. 4 (draft), are:

01 Crop and animal production, hunting and related service activities

02 Forestry and logging (in particular 023 Gathering of non-wood forest products)
03 Fishing and aquaculture

05 Mining of coa and lignite

06 Extraction of crude petroleum and natural gas

07 Mining of metal ores

08 Other mining and quarrying.

In our example, these activities belong to the agriculture, fishing and mining industry.
214. Moreover, rock and soil excavated to alow construction works is often used within the same or
other construction activities. Unless the excavated materials qualify as residuals (i.e. do not have an economic

value to the generator) and therefore their use as recycling, their flows is a direct input of natura resources
from nature to the following activities:

41 Construction of buildings
42 Civil engineering
43 Specialized construction activities (soil excavated and used on site)

In our example, these activities belong to the manufacturing, electricity and construction industry.

+ Flows of ecosystem inputs

215. Ecosystem inputs are used by all production activities. As for oxygen, it is required for combustion
processes that take place for example in transport and heating. These processes are instrumental or are carried
out as ancillary activities to the main activities of all industries. In these cases they cannot be identified as
activities of their own in national accounting, as they do not have an autonomous economic output. As such,
also in NMFAcc the ecosystem inputs of these processes or activities have to be recorded as inputs of the
activities served by them (main or secondary activities), e.g. the ecosystem inputs — as al other flows — of
ancillary transport carried out in agriculture belong to agriculture and not to the transport industry. The
transport industry will have its own emissions, to the extent that the provision of transport services (of goods,
of persons) is an economic activity in itself. The transport of waste is part of the waste management activities,
which include the collection of waste.
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216. Another magjor use of ecosystem input is for the metabolism of cultivated plants. Most of the
ecosystem inputs other than oxygen are brought into socio-economic circuits by the cultivation of biologica
assets (sequestration of carbon from CO2 for respiration and absorption of water and nutrients). These
processes take place mainly in agricultural, animal and forestry production activities.

¢ Flows of products

217. The use of products as intermediate inputs to production activities as well as the material content of
theinterna and cross-boundary deliveries of production activities vary sensibly according to the nature of the
activity. One important distinction in this respect is between activities producing goods and activities
producing services. Apart from the case of éectricity (which is an immaterial good) goods always have a
material content and the physical flow of the transactions involving them (from the supplier to the user) hasa
direction that is the same of that recorded in monetary 10Ts and opposite than that of money (from the user to
the supplier). Services usualy do not have amaterial content or their material content is usualy very small.

218. Services are “economic outputs produced to order and which cannot be traded separately from their
production; ownership rights cannot be established over services and by the time their production is
completed they must have been provided to the consumers’ (it is not important whether the consumers are
intermediate or final). The material flows connected to the production of the services have to be considered as
flows of the production activity and not of the using one. The latter may however receive, aong with the
service, materias that are a physical support or object of the service, and that it may store or supply to other
units at alater stage, or the provision of the service may entail that the producer take in charge some materia
thing. The materiastransferred (from the producer of the serviceto its user, or vice versa) do not constitute in
themselves the product exchanged — which otherwise would not be a service but a good. Three cases may be
highlighted:

1) transport and trade activities, for which two aspects must be must be systematically distinguished:
a.  what isbought and sold: atransport of atrade service, not the goods delivered themselves;
b. what is entrusted to the transport or sale agent and delivered to the customers;

The only inputs and outputs to be recorded for these activities are those connected to the
production of the transport or trade services (e.g. fuel and air emissions for vehicles or heating;
packaging not further delivered), not the goods transported or traded. The latter should be shown,
in conformity with national accounting practices, as flows directly going from the producing
industry to the user (whether intermediate or final). Otherwise we would not see in the production
part of the PIOT for products other than flows from and to transport and trade.

2) services such as e.g. the provision of a meal in a restaurant. This kind of services resembles
manufacturing activities as for the way materials are transformed into them and as for what is
delivered to the user. Indeed, there is a materia input to the using activity that is contextua to the
delivery of the service, while the consequent output of the using activity is not contextual (though
it usually happens within the same accounting year). For convenience, this input to the
consumption activity can be classified as a product in the most similar category (“animal and
vegetable products’ or “other commodities’ in our example tables). The paper flowing out of
photocopy shops provides an example of a similar case, where however the material support is a
potentially durable one, as it may be transformed in aresidual immediately or stored for long.

3) waste and wastewater management services. The peculiarity of this kind of servicesis that the unit
that buys the service in this case pays the producer and gives, rather than takes, materials. Thisis
the only relevant case where a material flow and the corresponding value flow have the same
direction. This is further discussed under “flows of residuals’ below. It is important to note that
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waste and wastewater management plays the unique role of transforming part of the residuas
generated by production and consumption into products again.

219. In the example table it can bee seen that all economic activities use products as intermediate inputs,
though to a varying extent. For instance it can be noted that other services use much bigger quantities of
materials than they provide (remember that the negative value of the change in inventories in the other
services row means that this industry used up more inventories than it newly stored). It can aso be seen that
the waste management and other environmental protection industry supplies, as a result of recuperation
activities, 20.5 million tonnes of products to the industries (including 1.6 to itself). As usual, information in
the grey background cells was already present in the tables presented in the previous section. Some empty
rows have been dropped.

220. The vaue flows connected to the flows of products to and from production activities are described
in monetary 10Ts. The complex interdependencies between the different activities that these tables show and
the accounting rules that preside to their measurement cannot be resumed here. Reference should be made to
the SNA and to current national accounting practices.
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+ Flows of residuals

221. The new information provided by the breakdown by industry of residua flows is very interesting
both for the aspect of the composition by supplying industry of the residuals supplied by the production
subsystem as awhole to landfills and the natural environment — and for the aspect of the internal flows of this
subsystem. Because of the interest of thisinformation from the environmental point of view, the devel opment
of partial tables for residuals constitutes a very common and fruitful approach to physical accounting (see
Chapter 4).

222. Residuals should in all cases be attributed to the production activity directly responsible for the
residua generation. Thus pollution generated from electricity production should be attributed to dectricity
suppliers and not to the electricity consumers. The direct recording of residua flows isimportant for accurate
and consistent connection of residua flows to material throughputs and economic transactions, and hence
linking pollution generation to final uses. The attribution of pollution to final users or products is an
analytical continuation of accounting, based on the concept of indirect flows.

223. All production activities generate residuals. What has been said above under the “ecosystem inputs’
heading about combustion processesis clearly valid aso for the generation of air emissions by the activities.
In particular, the treatment of emissions from transport processes should be coherent with that of the use of
ecosystem inputs in the same processes. The production of services, and more precisely the consumption of
goods as intermediate inputs in service activities, produces residuals, for example the tail pipe emissions from
abusthat is powered with diesel fuel. The consumption of the servicein genera generatesllittle in the way of
residuals except, for example, a bus ticket thrown away by the passenger. In the case of goods, not only their
production, but also their final consumption and discard generates residuals.

Waste management and recycling

224. There are mainly two types of economic activities that may result in the absorption of residual
flows within the economic system: recycling and waste (water) collection and treatment. The case of these
activitiesis a peculiar one, as they have residuas as an abject of work. In managing residuals, they produce
residuals in their turn in two different ways: not only like all other activities by using products as intermediate
inputs for the functioning of its machinery etc. but also as a result of the transformation or further delivery of
the abject of work itself. Moreover, it produces products out of residuals.

225. To the extent that they do not transform the residuals, but only collect, transport and store them in
landfills or otherwise dispose of them without combination with other materials, waste management activities
resemble transport and trade activities. To this extent, residuals could be considered as not being absorbed by
waste management but directly delivered to their final destination by generating production and consumption
activities. In this case only waste actualy transformed would appear — besides the operating inputs of
products — as input of waste management activities. This would enhance the information content of PSUTs
and PIOTs diminating some double counting. However, the necessary data may not be available. The choices
made in the accounting trestment of residuals should always be declared.

226. Economic activities specificaly involved in the recycling of material flows are recycling industries
(ISIC 37) and .wholesdle trade in waste and scrap (ISIC 5149). The main activity of recycling industries
consists of the mechanical or chemical transformation of materials in order to make these usable again as
industrial inputs. The activity of wholesale trade in waste and scrap is restricted to waste storage, sorting etc.
and is one where goods are sold in the same condition in which they are acquired without undergoing any
physical transformation other than sorting, and packaging. If any industry, recycling or wholesale, acquires
inputs at zero (or near zero) cost, the inputs should be regarded as inputs of residuas. If the inputs for
recycling have a positive price, then they should be treated as products and recorded as such.
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227. Residuals for recycling typically follow one of two paths. Material which can be recycled without
further handling, for example paper, often passes through wholesalers to the user. Material which needs
processing typically reaches the wholesaer only after it has been converted to “secondary raw material” by
the processors.

228. In the case where awholesaler also processes residuas into usable material, specia treatment in the
accounts may be needed. Under national accounts conventions, wholesalers are not shown as acquiring and
disposing of goods but only of adding a trade margin. The goods are shown as going directly from the
producer to the user and do not feature as intermediate consumption of the wholesder. It is desirable to vary
this practice in respect of residual handling for the part of residuals that the wholesaler acquires and processes
leaving asmaller quantity remaining as residuals.

229. Another example of residuals retained in the economy is the collection and treatment of waste or
waste water by environmenta services. The main purpose of these services is to reduce the environmental
impact of resdua flows for example by treatment of hazardous waste or purification of wastewater. Waste
(water) treatment in these services will subsequently lead to different and hopefully less harmful types of
residual outputs.

230. In our example table (Table 3.14), we have collected all waste management activities — and
therefore waste inputs to production — in a single industry. As a consequence, this industry — which in the
example comprises recycling — appears as the only one using residuals. It should be kept in mind however
that in the real world often this kind of activity is carried out as a secondary or even ancillary activity in other
industries. In the example, waste management and other environmental protection received from al activities
81 Mt of waste and wastewater (including 15.6 from itself) and — as already seen — it recovered from them
20.5 million tonnes of useful materias (products). Of the remaining 60.5 million tonnes, only 41.2 have been
landfilled or temporarily stocked. The rest — there is no other possibility — must have been incinerated.
However, the emissions of waste management to the environment are much higher of the non-recovered non-
landfilled quantity not just because of the combustion of waste but also of the fuels used in the sector to run
all waste collection and treatment processes.

¢ Flows of unused materias

231 Flow of unused materias occur in the production processes of the primary sector, whose basic
function is to separate useful materials from the rest of nature and made them available for the use of man,
while moving out of the way the materials which may hinder the access to the wanted materials. A smilar
thing happens in construction works where rock and soil are excavated for laying basements and for shaping
the surface of the earth as needed for roads and other infrastructure. As already noted part of these materias
may be used, and this part should clearly not be counted as unused.

232. Like with natural resource extraction, it is not difficult to identify the activities that directly move
materials without using them. The most obvious industries, classified according to ISIC, are the same as the
extracting industries enumerated above.

5.3. Example PSUTs

233. Table 3.15 and Table 3.16 show the example supply and use tables corresponding to this
disaggregation level.
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6. Introducing the rest of the world (RoW) in the accounting framework: a full-
fledged NMFAcc scheme

234. In the present section we remove our focus country from the glass bowl and put it in the real world,
where trade flows between different countries are an important fact and becoming more and more important.
In order to allow the description of these flows, we introduce two last distinctions in our scheme, between the
rest of the world (RoW) socio-economic system and environment on the one hand and the national socio-
economic system and environment on the other hand.

235. From a materias use point of view, the international exchange of goods and services changes the
picture radically because it allows the individual countries to have uses of products different from their
production. Commodities flow from one country to the other at al degrees of eaboration, which implies a
certain degree of independence between the composition of final and intermediate consumption on the one
hand and that of production on the other hand. Thisin turn implies independence between the use of natura
resources on the one hand and the generation of environmental pressures on the other hand. Moreover, to the
extent that aso waste management services are traded internationally and residuals flows from one national
environment to the other, there also is a certain independence of a country’s generation of residuals from their
absorption by that country’s environment.

236. The relative independence of pressures generation from natural resources use given by international
trade can be aso expressed by making reference to the concept of indirect flows. The indirect pressures due
to a countries’ use of products take place, to the extent that the products are imported, in the countries that
supply the goods and servicesit uses. Similarly, the indirect pressures of the goods and services that a country
exportstake place in that country’s and in its supplying countries environment.

6.1. The residence principle

237. The boundary of the national socio-economic system is established in relation to production by
defining “resdent” ingtitutional units, which contribute to nationa production (residence principle). An
institutional unit is said to be resident within the economic territory of a country when it maintains a centre of
economic interest in that territory - that is, when it engages, or intends to engage, in economic activities or
transactions on a significant scale either indefinitely or over along period of time, usually interpreted as one
year. The national accounts are compiled for resident units (residence principle). As an aggregate measure of
production, for instance, the GDP of a country is equal to the sum of the gross values added of all resdent
institutional units engaged in production (plus any taxes, and minus any subsidies, on products not included
in the value of their outputs). This is not exactly the same as the sum of the gross values added of al
productive activities taking place within the geographical boundaries of the country. Some of the production
of aresdent ingtitutional unit may take place abroad. Conversaly, some of the production taking place within
acountry may be attributable to foreign ingtitutional units.

238. While there is a large overlap between resdent units and those located within the geographic
boundaries of a country they are not exactly the same. For administrative reasons, an exception is made for
embassies, consulates or military bases belonging to foreign countries which are by convention regarded as
resident units of their parent country and also for the operations of internationa organisations on the nationa
territory (1993 SNA, paragraph 4.163). Units intending to operate in a country for less than a year are aso
regarded as non-resident. These may be specialised construction firms or aid relief agencies, for example.

230. For the purposes of nationad MFAcc, it is aso important to consider where units operate as well as
where they are resident. The majority are resdent and operate in the national territory. Some resident units
operate abroad. For example transport equipment used for international travel and freight operate a good deal
of the time outside the national territory. When thisis 0, the residuals generated at that time are vented into
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the environment but not the national environment. The reverse situation occurs a so of course. Some forms of
transport aso absorb ecosystem inputs in the form of air for combustion. Equally fishing vessels operated by
non-residents may extract natural resources (legally or illegaly) from nationa waters. Thus there may be
both ecosystem inputs and natural resource flowing from the environment of one country to the economy of
another.

240. As for households' activities, tourist activity requires careful consideration. If tourists come on the
national territory and use local buses, say, the cause of the pollution generated by the buses may be
international tourism but the pollution itself is generated by a national, resident producer, the bus company. If
the tourists use their own cars, filled with petrol bought before they cross the border, then this is smilar to
international transport services, the residuals are generated by units resident in one country into the
environment of another.

241. Applying the residence principle implies that materials purchased or extracted by resident units
abroad have to be considered inputs as well as emissions abroad would have to be considered outputs of the
target economy. In the same way, materials extracted or purchased by non-residents on a nation’s territory
(and correspondingly emissions and wastes) have to be subtracted from the target nation’s materia flow
account. These flows however are likely to be of minor importance from the point of view of material flows.

242. In principle, the use of products by embassies etc. located in the national economy should be trested
as exports and consumption in the country’s own embassies abroad should be treated as imports. An
allowance for this is made in monetary terms in the balance of payments calculations and in the national
accounts but it may not be possible to make a smilar adjustment in physical terms. Any error caused by this
would normally be well within the margin of error on the whole exercise.

243. In asimilar way, adjustments for the purchase of products by tourists in the national economy and
by nationals abroad are made in monetary terms and should be made in physical terms. It may not always be
practical to determine how much foreign tourists contribute to the residuals generated in a country and if it is
thought that the flows in from foreign tourists approximately balance the flows out by residents travelling
abroad, it may be acceptable to ignore this. For countries where tourism is a major net contributor to the
economy, though, it will be highly desirable to estimate what the contribution to national residual generation
by tourists is, both when using non-resident facilities (foreign airlines, say) and when using national facilities
(for example the demand for water in hotels). This is especially important for fudl in the case of countries
with land borders where many tourists come using their own cars or in home country buses.

6.2. Overview of material flows between national and RoW systems

244, The application of the residence principle to production further specifies the boundary of our focus
system, cross-cutting that given by the distinction between socio-economic system and natural environment.
It is important to note that the union of these two entities no longer congtitutes a closed system as far as
material flows are concerned, as now materials can be exchanged between units resident in different
countries. The main difference with the “glass bowl!” systemisin fact given by the appearance of trade flows.
Imported and exported goods as well as the possible material content of some services (e.g. restoration of
tourists) are respectively inputs and outputs for national human activities, respectively supplied and used by
the RoW socio-economic system. Expenditures by residents abroad constitute imports, while expenditures by
non-residents are exports.

245, Figure 3.4, which is a graphic trandation of the 1/O scheme of Table 3.1, summarises the most

important flows to be represented in the tables as far as the relationships with the RoW are concerned. Only
the flows between the national socio-economic system and the other systems are shown.
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246. Natural resources and ecosystem inputs used by the national socio-economic system come both
from the national and from the RoW environment. Because natural resources are converted to products when
they enter an economy, few natural resources are shown as entering the national economy from another
country’ s environment directly (flow NR RoW in the figure); such resources are generally routed through the
originating country’s economy (flow NRn) and are shown as imports of products rather than of natura
resources. One exception is fish where non-residents may be entitled to fish in national waters without the
catch ever entering the national economy. Another is extraction of water from ajointly owned catchment area
or watercourse.

247. The largest and most obvious flows of ecosystem inputs are from the national environment to the
national socio-economic system (EIn). Other flows include the consumption of ecosystem inputs by resident
producers and consumers operating outside their nationa territory, for example internationa transport
carriers and tourists (EI RoW, eg. use of oxygen for combustion drawn from a foreign environment by
national vessels operating outside their own territory).

Figure 3.4 — Material flows between the national socio-economic system and natural environment with the
RoW systems

NATIONAL
ENVIRONMENT

NATIONAL
SOCIO-ECONOMIC SYSTEM

WAL NR WA 2
RoW & El WA
<k Row Exp

REST OF THE REST OF THE WORLD
WORLD SOCIO -ECONOMIC SYSTEM
ENVIRONMENT

NRn & EIn

248. Products come from industries or the RoW (imports) and are used by the nationa socio-economic
system or exported. As long as we are considering only those flows which cross one of the boundaries
demarcating either socio-economic system and environment or nation and rest of the world, the only product
flows to be recorded are those which constitute imports and exports, that is flows from the national economy
to the rest of the world socio-economic system or vice versa, from the foreign economy to the national rest of
theworld (PR Imp and PR EXxp).

249. Residuals generated by the national socio-economic system are either retained within the national
or RoW socio-economy system to be recycled into products or stored in landfill sites or are “used” by, that is,
discharged into the national or RoW environment or exported to the RoW economy. The largest and most
significant residuals flows are from the national economy to the national environment (WA1n). Resident
units, both operating in the country and abroad, may deliver their residuals to the waste management services
of another country (WA Exp); discharge from national production and consumption activities is also made
directly into adifferent environment (WA1 RoW).
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250. Residuals generated by the RoW socio-economic system are considered here only insofar as they
enter the national economy. Non-residents units may deliver their residuals to the waste management services
of the focus country (WA Imp). International movements of residuas (waste) may take place both legally and
illegally. In these cases usually a waste management service is sold from one country to another. Residuals
withdrawn from the RoW environment by the national socio-economic system may exist; however though in
the figure they are not shown as they are likely to be avery minor item.

251 Transmission of resduas from one environmental sphere to another happens by natural
mechanisms — for example, residuals carried in air currents or flowing water bodies. These flows, as well as
the direct emissions of non residents in the national environment, are not part of our focus flows and we
therefore do not report them in our example tables nor included them in Figure 3.4, but they aso should be
taken into account in if the emphasisis on total flowsto and from the national environment™.

6.3. Treatment of the RoW socio-economic system and environment
6.3.1 The RoW socio-economic system

252. The introduction of the rest of the world socio-economic system in the accounting scheme is
conceptually very simple, whatever the level of aggregation of the starting scheme, so that in principle a
scheme considering the rest of the world could be formulated starting from any of the aggregation levels
considered so far. An additional heading is introduced in the scheme, under which flows concerning the rest
of the world socio-economic system are reported, i.e. materials exchanged through imports and exports of
goods and services, through use of products by non residents on the nationa territory and of residents abroad
and through shipping of residuals for treatment and disposal.

253. Most of the materials that cross the national boundary are products, and more precisely goods.
These should be classified according to the same classification used for the products of the national economy.
The rest of the world behaves in avery similar way to the inventories as far as the products are concerned: it
absorb products from the national industries and gives products to national industries and househol ds.

6.3.2 The RoW environment

254. The rest of the world natural environment can be dealt with smply by splitting the environment
headings in the SU and 10 tables into two headings, one for the national environment and one for the rest of
the world environment. In the tables it becomes thus visible how much of the natura resources and
ecosystem inputs used by national production and consumption activities comes from abroad, and how much
of the residuals generated by these activities are released to the RoOW environment or “exported” to the
foreign economy that takes them in charge.

6.4. Complete example PSUTs and PIOTs

255. Table 3.17, Table 3.18 and Table 3.19 represent the complete final scheme, including flows from
the rest of the world socio-economic system to the national one. Flows not involving the national socio-
economic system are not reported in the example tables, likein Figure 3.4,

10 Cross border pollution transfers are important for determining the total net accumulation of residuals in the national environment and are
especially relevant for pollutants related to environmental degradation problems which are of a non-global nature.
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6.5. Subdivision of material flows into transformation chains and balanced PIOTs by
transformation chain

256. There are many different possible ways of identifying subsystems of a whole national economy. A
particularly interesting one has been used to develop the numerical example presented in the present section.
This has been designed by compiling separately the whole set of PIOTs for the individual materials of our
coarse classifications (i.e. 7 for natural resources, 3 for ecosystem inputs, 7 for products and 11 for residuals
and 3 for unused materials) for 5 different and separated “transformation chains’ (fossil fuels, metals and
metal products; construction minerals; wood and food; chemicals, pottery, glass etc.;) which together give the
whole of our imaginary country’s material flows.

257. These “transformation chains’ have been identified by idealy following the flow of the materids
contained in one or two individua items of our example classification of natura resources (e.g. metal ores)
through the socio-economic system and including in the transformation chain the ancillary materia flows that
are strictly connected to the transformation of the focus resource into products and residuas. By “strictly
connected” we mean here that they physically enter the transformation of the resource, being mixed and
bound with it ) or resulting from its transformation (e.g. the coke used in smelting is included in the metal
products transformation chain, but not the other fuels consumed to provide energy for the process: these have
been assigned to the fossil fuels transformation chain;. CO2 and dag from the smelting process).

258. Such a delimitation of the transformation chain defines a closed material system, that does not
physically receive materials from other transformation chains nor gives any to them, even though functional
relationships exist between the transformation chains. E.g. the transformation of fossil fuels is functiona to
all other socio-economic activities, but the material balance of combustion processes and of the making and
use of plastic is kept separate from the other balances. To the subsystems thus identified, the complete
accounting scheme can be applied as if it was a country in its own right. This delimitation of the system is
orthogona to the classification of the activities as well as to the classification of the materials by kind, since
all materids and activities potentialy participate in a resource's cycle, and many materials actualy
participate in more than one transformation cycles. This is of course the case of our very coarse
exemplification classifications, but dsoisin redlity.

250. The following figure shows the complete input-output table for our example transformation chain
concerning collected and produced biomass (“wood and food”). This summarises the individua tables
developed for the 3 kinds of natural resources, 3 ecosystem inputs, 3 products and 8 residuals that participate
in this transformation chain (idedly including for instance biological metabolism of plants, animals and
humans, all kinds of fertilisers and what enters in them, wooden furniture).
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6.6. Comparing material and monetary aggregates

260. By definition, only the flows of products represent value flows in themselves (roughly speaking,
they have a price), while the flows of environmental resources (natural resources and ecosystem inputs) and
residuals do not represent per se flows of value that are recorded in the SNA. However in most cases they
may be connected to SNA flows, though in different and less direct ways, because they are at the origin of
value flows or are functionally connected to them, e.g. because they enter production processes or because
taxes are paid on their use or generation. Almost all materia flows can be more or less significantly put in
relation to some flows or changes of values. The following considerations provide some examples of the
possibilities and problems of establishing such relations for the different kinds of materias.

261. The physical flow of natural resources can be put in relation to the value of the products resulting
from extraction, but it should be clear that — even if no other transformation than extraction itself takes place
— these products are, by the simple fact of having been separated from the earth, a different material than the
natural resource itself and their value is not the value of the natural resource itself (it corresponds to an
interna flow of the economy, that of the product going from the extractor to the user). A better estimate of
the value corresponding to the physical flow of extraction is the reduction in value of the reserve of the
resource due to the depletion caused by the extraction, which is recorded in the SNA as a change in assets.
Conceptualy, the most similar thing to a price for the resource are specific taxes and fees paid to the
government by the extractor, though they represent only a part of the vaue. The extraction flow can dso be
put in relation to the value of the other inputs of the extraction activity, that are used to extract it (e.g. of
[abour).

262. Most ecosystem inputs do not have any corresponding economic value, not even an indirect one. In
principle they could, as for natural resources, be put in relation to the value of the product outputs obtained
from them. However the case is not interesting since ecosystem inputs are not seen as being at the origin of
economic value, being very abundant. Nothing similar to a price exists for ecosystem inputs, not even in the
form of taxes to be paid for their use, with the possible notable exception of negative CO2 taxes for carbon
sequestration (i.e. the quantity used of this ecosystem input may be put in relation to the subsidies, if any are
given for sequestrating atmospheric carbon).

263. The physical flows of products can be put in relation to the whole range of vaue flows connected
to their being produced and to their being transferred from one unit to another (their own value, the value
added of the activity, the taxes and paid by the activity that produces them...). As inputs to productive
activities, they can aso be put in relaion to the value of other inputs (e.g. of labour) or of the products
realised thanks to their use (e.g. as to obtain output value per physical input unit or vice versa physical input
intensity per unit value).

264. Data from monetary accounts concerning final consumption — understood as acquisition of products
by households — immediately correspond to physical data on this kind of transaction, while there is a certain
inconsigency in comparing them with data from physical accounts concerning consumption understood as
physical use of the goods resulting in their discard.

265. Also residuals as such do not have a price. However when aresidud is exchanged inside the socio-
economic system, the service of managing it usually has a price, which can be seen as the negative price of
the resdual itsef. For resduals that flow between the socio-economic system and nature (eg. CO2
emissions), their generation may be taxed, and this can also be seen as a negative price. Like for the
environmental resources used, the residuals generated by production activities can be put in relation to the
monetary flows immediately connected to the respective activities (value added, output value...).
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266. Unused materials do not have any immediate counterpart in value flows. They can be put in
relation to the value of the outputs obtained in the activities that move them, or to the cost of moving them.

267. An unavoidable discrepancy between monetary and physical data concerns the exit of capital goods
from the useful stocks, which is gradual in value terms but sudden and all-at-oncein physical terms.

268. As seen before in the waste management industry there is a quite uncommon situation. Like other
service activities, waste management services present the peculiarity that the main product they sell is not
what physically passes between the units involved; but unlike the other cases, where the matter still flowsin
the same direction as the product and in the opposite direction of the monetary flow, in this case the relation
of the material flow to the other flows is inverted. This does not imply difficulties for the comparison of
monetary values and physical flows as long as the waste flow is kept distinct from other residual and product
flows, asin PIOTs by kind of materialsand PSUTSs: it is sufficient to consider that what appears as an input to
waste management is not something these activities paid for, but on the contrary represents an economic
output, asit is something the activities are paid for. However, in an aggregated PIOT (unlessthe waste flow is
kept somehow digtinct) the information is mixed up, as the input from other industries results from the sum
with the product inputs, i.e. the working inputs necessary for the activity to run (e.g. gasoline for waste
collection trucks).
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Chapter 4. BREAKDOWN BY ACTIVITY OF THE INPUTS AND OUTPUTS
OF THE NATIONAL SOCIO-ECONOMIC SYSTEM AND THE
CALCULATION OF ITS INDIRECT FLOWS

260. The present chapter focuses on the different possible approaches to the breakdown by activity of the
flows of the national socio-economic system and to the calculation of indirect flows based on this breakdown.

1. The NAMEA approach to material flows as partial realisation of the NMFAcc
framework
270. Production and final consumption activities are the driving force behind the environmentally

relevant flows of materials. They command the intake of most materials from the natural environment into
the socio-economic system, the use products as inputs in the form of raw materias, semi-manufactures and
finished products and generate the residuals stored in landfills and emitted to the environment. A breakdown
of the aggregates of the materia baance of production and final consumption activities by branches
establishes a detailed link to the immediate causes of the flows and alows further analysis of the
determinants in terms of indirect causes. To make sure that the detailed material flow data can be combined
with the economic data, the disaggregation of the production subsystem should follow the concepts and
classification of economic activities that are used in the National Accounts for describing the economic
processin monetary terms.

271. The NMFAcc framework presented in Chapter 3, based on complete PSUTs and PIOTS, is the most
comprehensive approach possible. As far as flows within the socio-economic system are concerned, the
PIOTs mirror the monetary input-output tables (MIOTSs), extending them to the flows of residuals. However
the most important point is that they show, in addition to these flows, the materia flows between the socio-
economic system and the environment. As seen, the uses of environmental resources as well as the outputs to
the environment (residuals) can be shown in a breakdown by type of material in PIOTs. However calculating
PIOTsis costly and the data requirements are rather high and so far similar approaches, considering all flows
in aunitary framework, have been put into practice only in rather few cases, and if, only for pilot years.

272. A much more parsmonious approach is given by the NAMEA (National Accounting Matrix
including Environmental Accounts). In general, the EA part of the NAMEA consists in the description of
flows of special interest as vectors of variables connected to production and consumption activities (it can be
both physical and monetary flows; however here we are only interested in the physical ones). The accounting
matrix, which describes the economic interrel ationships between socio-economic activities, is shown only in
monetary terms (this is the NAM part of the NAMEA). The classfication of production activities, as it is
applied for the monetary input-output tables, is used also for the breakdown of the environmentally relevant
flowsin the EA tables of the NAMEA. In practice this approach is quite widely used for linking the different
type of residuals (e.g. air emissions) to the generating economic activities.

273. In terms of the complete NMFAcc framework presented in Chapter 3, the EA tables of the
NAMEA can be seen as partiad and specialised collections of individua rows (for inputs) or columns (for
outputs) of the PIOTs. Though the latter can in principle have any desired level of aggregation, from the total
aggregate cross-boundary flow to very specific flows of harmful substances, in practice PIOTs would not be
feasible and are also not necessary for many analytical purposes.
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274. In the following we will concentrate on the physical vectors for the input flows of natural resources
from the environment to production activities and for the products imported for intermediate use. Most of the
reasoning however, and the discourse on indirect flows calculation in particular, could easily be adapted to
the case of residud flows.

2. The after-extraction approach to breakdown of inputs

275. For the calculation of physical input vectors the elements of the domestically extracted materias
and imported products have to be alocated to the consuming economic production branches and final use
activities (use structure). As far as the domestically extracted materials are concerned, there are two options
for their treatment. They can be allocated either before or after extraction. In the first option the materials are
looked at as environmental resources, i.e. a the point where they enter the domestic socio-economic system
and therefore they are assigned to the extracting branches.

276. In the second variant the extracting branches are not regarded as users, but are classified rather as
extracting agents who provide the service of making available the raw materials. So, in the second option the
materials are looked at as raw materids, i.e. at the point where they are delivered by extracting branches and
therefore they are assigned to the production branches or final use categories which transform or consume the
specific materials. For each raw materia this information would be present in the corresponding PIOT as the
row of the extracting industry. However, it is quite improbable that PIOTs are developed at a high leve of
detail by material, while thisis easier in aNAMEA -approach for selected materials.

277. Referring to the classfication of materias introduced in Chapter 3, in the allocation-before-
extraction approach, the object of allocation are natural resources or environmenta inputs, while in the
allocation-after-extraction approach the alocated materials are products (raw materias). For minerals and
non-cultivated biomass extraction, the total quantity of materials included in the input vector, measured as the
run-of-mine production, is the same in both cases, as the naturad materials discarded in the extraction phase
are unused materials not included in the natural resources extracted nor in the raw materials derived thereby.
The caseis different for cultivated biomass raw materias: these are not present as biomassin the direct inputs
from nature in the SNA-coherent approach of Chapter 3, but as ecosystem inputs from which aso outputs
other than the raw material derive. However, considering biomass raw materials rather than ecosystem inputs
is perfectly in line with the needs of most practica applications and this difference in the end can be
considered an advantage of the after-extraction approach.

278. Product imports need to be assigned not only to the using activities but aso to the raw material
categories. The latter assignment is straightforward when the products embody only one kind of raw materia
and can be done in various ways for doubtful cases, e.g. according to the main raw material category of
which they are made, splitting them between different categories or alocating them to a “compound
materials’ category.

279. The alocation of product imports to the activities necessarily is after-extraction (and for semi-
finished and finished products, even after-processing). This makes the summing up of the domestically
extracted raw materials with the imported ones more meaningful, though still not fully coherent (the semi-
finished and finished inputs from domestic production should in principle also be included — but this would
require having the whole PIOT!). The first perspective provides useful information as well, and is in some
cases a precondition for the second (in that it supplies necessary data for it). But, unlike the figures of the
second option, these figures cannot be used for comparing intensities (primary material input / gross value
added) of branches. In case of primary branches the output in physical termsisrelated to the monetary output,
but for the rest of the branches this ratio indicates the rel ationship between a physical input and the monetary
output.
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280. An example of the resulting database for the inputs to the nationa socio-economic system in a
sectora breakdown, based on the adoption of the alocation after extraction approach for domestically
extracted materials, is shown schematically in Figure 4.1". Data thus organised can provide already a useful
basis for anaysis, like calculating use intensities in a breakdown by branches or carrying out decomposition
analysis or for studying the environmental effects of internationa trade.

Figure 4.1 - Direct use of primary materials by economic activities and type of material

Type of material Economic activities
Homogeneous production Final use categories
branches
PB1 PB2 PBn |Consumption| Public Capital Exports
of private [consumtion| formation
households

Domestically DRM1
extraqted raw DRM2
materials

DRMn
Imported raw IRM1
materials IRM2

IRMn
Imported semi- IP1
finished and finished P2
products assigned to
the main type of raw |
material IPn
Total raw materials |[DRM1 + IRM1 + IP1
and products thereof

DRM2 + IRM2 + IP2

DRMn + IRMn + IPn

3. Indirect flows of products and raw material equivalents

281. Indirect flows can in principle be considered for products at any stage of elaboration and be referred
to the flows of the necessary inputs for producing them at any of the upstream production stages. E.g. the
indirect flows of a product going to intermediate consumption in terms of materials crossing the boundary of
the national socio-economic system could be defined (i.e. in terms of environmental resources and imported
products used). However, the most common and important applications of the concept of indirect flows
concern products going to final use (consumption of households, accumulation and exports) at one end of the
chain and material inputs from nature at the other end.

282. It is an important aim of a breakdown by activity and by type of (raw) material to analyse the chain
that goes from causing socio-economic activities (driving forces) over the use and release of materia
(pressures) to the environmental impacts related to the use of the individual materials. However, so far asthe
imported products are concerned the original values can give only a rather rough and incomplete picture of
the quantity and the composition of natural resources and residuals that are behind those products.

283. To give an example, the weight of a car does not represent the origina weight of the materials (e.g.
different metal ores and energy carriers) that were used over the whole production chain for producing the
car, as the part transformed into residuals of these materials is not physically embodied in the car, but
remained in the countries where the car has been assembled, its pieces produced and the raw materials for the

™ This example is based on the application of the breakdown by the German Federal Statistical Office
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pieces extracted. And if the car is assigned entirely to the main type of raw material, which isiron, al other
materials are neglected. These shortcomings can only be overcome by converting the imported products into
so called raw material equivalents (RME) which also include the indirect use of materials in the rest of the
world. Moreover, the connected unused flows should be also considered if knowledge of all environmentally
relevant flows is wanted.

284. Two components of indirect flows of (imported and exported) products are distinguished:

a Up-stream indirect flows of used materials that are part of the Raw Material Equivalents (RME) of
the imported or exported products, i.e. the RME less the weight of the imported or exported
product. The RME isthe used extraction that was needed to provide the products,

b. Up-stream indirect flows of unused extraction (e.g. mining overburden) associated to thisRME.

285. The digtinction between the two components of indirect flows is shown in Figure 4.2, which also
illustrates a two-step cal culation method that allows keeping them distinct. The first step (1) isto compile the
RME of imports or exports, i.e. the vector of raw materials needed to provide the product at the border. In a
second step (2) the unused extraction associated to this RME is compiled. The 1a path represents a shortcut
that may be taken when the available information does not alow to distinguish the used part of indirect flows
from the unused part, which is however not the recommended method.

Figure 4.2 — Indirect flows of used and unused materials

Imported or
exported
product
Raw material
(1) > equivalent (RME)
(=used extraction)
(2) Unused extraction
associated to the
e (1) e > RME
286. The RME of some traded products such as raw materials and even some semi-manufactures may be

assumed to differ only marginally from the mass of the product itself. The difference would for example
correspond to some fuel used to extract and transport araw material to the border. For these materiasindirect
flows only comprise unused extraction, so that the RME step can be suppressed in calculation (1a in the
figure).

287. When imports and exports are converted into their RME, the weight of the RME includes the mass
of the imports or exports. The indirect flows of type (a) (i.e., those based on the RME) are caculated by
subtracting the weight of the imports or exports from the RME associated to these imports or exports so as to
ensure additivity.

288. Some of the indirect flows associated to exports may consist of the indirect flows associated to

products previoudly imported. This effect would be particularly pronounced for countries with important
harbours where asubstantial part of importsis direct transit to other countries
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4, Approaches to the calculation of indirect flows

280. There are two principal approaches for estimating the indirect input of a material related to the
imported products, the 10T -approach and the coefficient approach:

— ThelOT-approachin afirst step estimates the raw material content of the domestic products by type
of material. In a second step that relationship is applied to the imported products. For estimating the
raw material content of the different domestic products the physical input vectors (use structure) for
the individual raw materials are combined with a domestic IOT-matrix in a Leontiev type approach.
That type of 10T-approach is applicable on condition that the domestic production conditions
represent the relationships in the exporting economies in sufficient manner. That may be the case
for most finished and semi-finished products and some raw materials.

—  The coefficient approach has to be used for imported materials that are not produced in the domestic
economy at all or which are produced under climatic, geo-physical ore other conditions that are
considerably different from the domestic relationships. Idedly for those products the analysis
should be based also on the IOT matrixes (of the exporting countries). Asit is not realistic that this
type of comprehensive information could be obtained, the aim has to be achieved by a smpler co-
efficient type approach, which utilises information on direct, and as far as possible, on indirect the
raw material inputs into the respective foreign production processes.

290. Indirect flows associated to imports and exports should be calculated using input-output techniques
in the same way as e.g. ‘embedded’ energy is caculated. However, compilation of indirect flows with input-
output techniques alone may be limited. Ideally, specific coefficients per product category would be available
based on process chain analysis. Data on indirect flows will usually suffer from some degree of imprecision
but their calculation can shed light on the effects of trade and globalisation. Such questions may become
increasingly important with the further integration among national economies.

291. The accounts for indirect flows of unused materials should be based, to the extent possible, on
direct information on the trading partners. A practical solution may also be — in a stepwise approach — to
focus on some important indirect flows of unused materials (e.g. associated to raw materials imported) first
and achieve completeness later. Direct information on the trading partners may also be useful for some other
flows. For example, for electricity imported the fuels required abroad to generate the electricity would be
indirect flows associated to imports.

5. Comparison of IOT-approaches
292. For the IOT-approach different types of IOT matrixes can be applied. (Figure 4.3).

Figure 4.3 — Possible I0T-matrixes for calculation of the indirect use of raw material by type of product

Type of IOT matrix Type of use Description
Monetary 10T Monetary Standard MIOT is applied for each type of raw material
Physical 10T FH|| _ PhySfcal STand.a‘rd PIOT |§ appll.ed for each type of raw materlfall
Simplified Physical Simplified PIOT is applied for each type of raw material
. Simple Mixed monetary | 1. Special IOT-matrix for each type of raw material
Hybrid 10T and physical 2. The use structure for the first step of the production chain (use of raw

material after extraction) is replaced by physical information

Expanded Mixed monetary | 1. Special IOT-matrix for each type of raw material

and physical 2. The use structures for the first steps of the production chain (usually
more than one) are replaced by physical information

3. Symmetrical disaggregation of relevant homogenous branches of the
standard 10T classification
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293. The principa approaches are based either on amonetary (MI1OT), a physica (PIOT) or on a hybrid
(HIOT) input-output matrix. For the MIOT-approach the physical raw material input vectors for each type of
raw material (use structure) are coherent with the MIOT.

294. The PIOT-approach applies a physical 10T-matrix with the same standard disaggregation by
branches as the MIOT. Compared to that the simplified PIOT approach refrains from disaggregating those
branches that are lessrelevant in terms of material input.

295. A genera feature of the HIOT-approach is that in principle there has to be constructed not only one
standard HIOT, but a special HIOT for each type of material. For constructing a HIOT the monetary use
structures for the raw material under consideration and related products are replaced by physical information.
With regard to the level of branch-disaggregation of the IOT either the standard frame can be used or a
symmetrically expanded type of IOT where the relevant production processes for the raw material under
consideration, are shown in more detail. Two typical types of HIOT are shown in Figure 4.3, the so-caled
smple HIOT and the so-called expanded HIOT. The smple HIOT differs from the MIOT only by replacing
the first step of the production chain (use of raw material after extraction) by physical information. The
expanded HIOT represents a sectoral enhanced 10T matrix. In addition for the expanded HIOT, usualy the
use structures of more than one step of the production chain are replaced by physical information.

296. Figure 4.4 illustrates what type of information is utilised in the different types of I0T-matrices. In
the example given in the figure the observed raw material category (e.g. metals) consists of three different
types of raw material. For each individual raw material a part of the extracted materia is used in a specia
production process for a further processing of that raw material. An other part is directly used by other
branches. It is assumed in this example that in the standard 10T there is only one extraction branch for the
whole raw material category. The primary processing for that category is also located in one aggregated
branch. The example reflects the conditions of thereal 10T rather realisticaly.

Figure 4.4 — Depiction of the flow of a domestic raw material category through the first stages of the
production chain by different types of IOT-matrixes

Environment Raw material Primary Other branches
extraction processing of
raw material O
OB2
Monetary IOT RMi Ei PPi OB3
L 0Bn

Physical IOT

I OB1
| RMi1T f—  E1 ] oB2
PPi
. . iz — & A QB3
Simple hybrid 10T /
| RMiz |l E3 | OBn
r 0B1
Expanded [ RMil e Bl ] PPl e
hybrid IOT | RMi2 Ei2 '—.| PPi2 '—. OB3
| rMiza M &3 I vpriz [ o8n
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297. Generally it can be stated that miss-assignment in the first steps of the production chain is much
more critical for the result than a biased allocation in later stages. The reason is that the materials in the first
steps are processed in rather specific processes with specia input relations. At later processing stages the
origina raw material iswidely scattered over alarge number of branches.

298. The most widespread approach in practice is using a MIOT for the calculation of indirect effects.
The MIQT is easly available as part of the regular programme of the National Accounts with no additional
costs. However having in mind the aim of calculating indirect effects for individual raw materials, the MIOT
approach will only yield reasonable results for the individual raw materials on condition that the “ assumption
of homogeneity” (i.e. the aggregated monetary output structures represent the physical use structure of the
individual material adequately) is valid, especially with regard to the first steps of the production chain. It is
more likely that this condition holds for raw materials that are already rather widely scattered over the whole
economy in the first steps of the production chain, like energy carriers, than for very specific raw materias
which are processed in some few specia production processes. To give an example: The MIOT relationship
are certainly not appropriate for allocating the raw material copper to the final uses, as the use structures for
copper ore and semi-finished copper products certainly differ from the structures for all metals together,
which are provided by the standard IOT as aproxy .

290. There will be some improvement by using a PIOT-matrix because, physical output-structures are
applied instead of monetary ones. That means that in the aggregates for the total raw material categories at
least the effects of different prices per weight unit are eliminated. But the problem still remains that in purely
physical terms the aggregated use-structure can be different from the use-structure for the individual material.
Only if it were the aim to allocate the total raw material input and not the individual raw materials to the fina
uses, the PIOT would be clearly superior to the MIOT.

300. Moreover, it should be considered that indirect flows calculation should include all materials that
are needed to produce the imported goods. Now, in PIOTs the flow from activities providing immaterial
products to other activities are null. Thisimpliesthat if PIOTs are used for the analysis of upstream flows, the
causation chain will be interrupted there. In reality, however, what counts for indirect flowsis not how much
a certain industry physically delivers to the other but the materias it uses for producing what it delivers,
independently from the degree of materidity of its deliveries. For example, the fossil fuels needed for the
production of the electricity necessary for producing an imported car would not be included in the indirect
flows of the imported cars calculated with a PIOT (hybrid approaches including physical units other than
mass have also been developed in order to avoid this problem). The same is true for service inputs to the
production and delivery of the imports that in turn required material inputs (e.g. transport of the components
of the car and of the car itsdlf).

301 The simple HIOT-approach will lead to a considerable improvement compared to the results of the
PIOT-approach. In this case a specia HIOT is established for each type of raw material with physical
information for the first step of the production chain. The approach directly includes information on the
physical use of the individua raw material. However, in case of copper for example, the smple HIOT
approach may till not yield satisfying results, because in the next step of the chain, the primary processing of
copper is put together in one production branch with all other non-ferrous metals.

302. Whereas compiling a complete PIOT is a rather resource consuming task, as the physical
relationships have to be estimated over the complete production chain, the data requirement for the
calculation of asmple HIOT is comparatively small. Asfar as no direct physical information is available the
required use structures can be derived with sufficient accuracy from the detailed interna supply and use
tables which are used in the National Accounts among others as a basis for compiling the monetary 10T. In
practice the calculation of indirect effects with the smple HIOT can be done by just combining the MIOT
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with the respective physical raw material input vector after extraction (see option 2 under simple hybrid 10T
of Figure 4.3), asthat vector carry already the information of the physical distribution to the first users.

303. The expanded 10T approach facilitates further improvement of the results compared to the smple
HIOT-approach. As can be seen from example shown in Figure 4.4, in that approach the special physical use-
structures of the individual raw materials are applied also for the second and if necessary for even more steps

of the production chain, due to more detailed disaggregation of the relevant production processes.

304. In practice, a mix of simple and expanded HIOT may be applied, depending on the production
conditions for theindividual raw material under consideration.

305. Figure 4.5 illustrates what € ements are needed for arriving at RME by type of raw material:

Figure 4.5 — Raw material equivalents for imported products by type of raw material

Type of product Type of raw material Total raw
materials
RM1 RM2 RMn
Direct imports of raw materials RM1
RM2
RMn

Indirect imports of raw materials |RM1
related to the directly imported RM2
raw materials

RMn

Indirect imports of raw materials |PG1
related to the direct imports of PG2
semi-finished and finished

products PGn

Total raw material equivalents for |Total
imports
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Chapter 5. ECONOMY-WIDE MATERIAL FLOW ACCOUNTING (EW-
MFACC) FRAMEWORK FOR NATIONAL SYSTEMS

1. Objectives and main characteristics of EW-MFAcc and relation with the full-
fledged national MFAcc scheme of Chapter 3

306. The practica feasibility of the accounting schemes presented in Chapter 3 is somewhat restricted by
data availability, especialy when trying to actually measure the internal material flows of the socio-economic
system. The economy-wide material flow accounting (EW-MFAcc) framework presented in this section
ignores amost totally these flow. It is characterised by a high level of aggregation by activity (but not
necessarily by material), as it focuses on the flows crossing the boundary of the national socio-economic
system, and reinforces the emphasis on solid natural resources and raw materials as focus materials aso
present in the NMFAcc framework.

307. Also the measurement of some flows from and to the natural environment may be quite difficult.
Moreover, if the NMFAcc system boundary is applied a a high level of aggregation of human activities, the
conventions deriving from coherence with national accounts may imply that some important piece of
information that would be present in a full-fledged NM FAcc be concealed. The resulting accounts might even
seem to contradict common sense and not be suited for use in some well-established policy contexts and their
value added difficult to understand. As a pragmatic response to the connected difficulties, EW-MFAcc gives
up some coherence with the national accounts for the sake of the feasibility and more immediate readability
and usability (at least for some purposes) of the accounts.

308. The implementation of the EW-MFAcc approach is quite widespread in the research community
and implemented at the national level by several national statistical officesin EU countries. As a consequence
it isrelatively standardised and aready provides data and indicators that are internationally comparable, also
tanks to the work of an expert’'s Task Force animated by Eurostat, which issued a guidance manual that is
largely at the basis of The present chapter.

300. The EW-MFAcc approach organises information, rather than in SU and 10 tables, in a series of
simple accounts that highlight different aspects of the overall materia flows of the human system. Material
flows within the national socio-economic Ssystem are not presented in these accounts, with the only exception
of the flows to and from accumulation (as in Chapter 3.3; however, the RoW was not present there whileit is
in EW-MFAcc). These accounts therefore capture and measure the material throughput of socia metabolism
mainly at the entry and exit points of matter in/from the nationa socio-economic system. For example, inter-
industry deliveries of products are not described™. The EW-MFAcc approach is aso characterised by a
certain emphasis on flows of unused materials and on indirect flows connected to imports and exports.

310. As for the cross-boundary flows of used materials, there are some differences between the system
boundary adopted in EW-MFAcc and those specified in Chapter 3.2. The consequences of these differences
for the results are limited to some biomass flows and are important more in conceptual and quditative terms
than in aggregated quantitative terms, as they concern mostly the composition of the inputs of the human
system and more precisely their distribution between unused and used materials and among the latter between

%2 Information on flows within the economy may however be instrumental for estimating primary input flows, for example when data on primary
extraction are lacking.
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natural resources and ecosystem inputs. Differences exist also in terminology and classifications and the
present discussion should help relating the concepts used in the two contexts and avoid confusion. It is
important to note that the two approaches are fully compatible, i.e. they are not dternative. Reconciliation
fables will be introduced in the following in order to show how the EW-MFAcc approach is embedded in the
more general NMFAcc framework.

311 Notwithstanding the high level of aggregation of human activities that characterises EW-MFAcc,
this approach provides useful insights into the dimension and composition of material flows of national socio-
economic systems".

1.1. System boundary
1.1.1 Treatment of semi-natural systems

312. The issue of agricultural production and forestry and that of solid waste have been discussed under
the “borderline problems’ heading (see Chapter 3.2.1). Indeed, agricultural land and what grows on it,
cultivated forests and landfills have in common the characteristic of not being totally under control of man.
Weather conditions till play a major role in agricultural production, and the decomposition of waste in a
landfill is beyond the reach of those who manage the site; landfills, moreover, are natural habitats for some
wild anima species. The flows from and to these “semi-natural systems’ can neither be considered fully
natural nor fully under the control of man.

313. In the NMFAcc scheme presented in the previous section, the convention has been established —
based on coherence with the monetary national accounts — that a tree cut in a cultivated forest (differently
from that cut in a non-cultivated forest) is not a natural resource taken from the environment but an internal
flow of the economic subsystem. This convention, while on the one hand alowing to include in the accounts
the environmentally relevant information about carbon sequestration by cultivated plants, may on the other
hand not be relevant for a user interested in the “extraction” of timber as such, e.g. for the derivation of
indicators on forestry activities. In principle, the accounts presented in the Chapter 3 can be implemented
with alevel of disaggregation by activity such that the flow of timber from cultivated forestsis visible as a
product flow (i.e. by dealing with the forest as with an production activity of its own). However thisis time-
consuming and requires a great deal of estimation, which must be based on a knowledge of biologica
processes that may not be under the command of a dtatistical office, while the harvested quantities of
agricultural and forestry products are readily available as standard and long-standing statistical production.
The pragmatic solution offered by EW-MFAcc is therefore that the system boundary of the socio-economic
system be shifted in a way that the timber flow appears among the inputs of natura resources. A similar
change may concern all cultivated plants, which are reported as harvested quantities — rather than as
ecosystem inputs and nutrients — in current statistics. Indeed, cultivated plants are not dealt as with materias
belonging to the socio-economic system in the EW-MFAcc approach but as a kind of reservoir from which
materials are drawn like in other extraction processes. In the language introduced in Chapter 4, this is an
“after extraction” way of looking at cultivated biomass inputs to national human activities.

314. Figure 5.1 graphically shows the difference between the system boundary adopted for the socio-
economic system as a whole in EW-MFAcc (continuous line) and that adopted in the complete and
exhaustive NMFAcc framework of Chapter 3 (dotted line). Asfar as cultivated plants are concerned, it can be
seen how the boundary on the input side is shifted inwards in EW-MFA and which flows are involved in the
change, appearing . Indeed, the nationa MFAcc scheme presented in the previous section, by covering a
larger system, embeds EW-MFAcc.

3 Further details can be found in Volume | and Volume 11 (forthcoming).
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Figure 5.1 — Treatment of semi-natural systems in EW-MFAcc with respect to the complete and exhaustive
NMFAcc framework

Natural
/Semi—natural systems \ environment

Socio-econonfic System as delimitated in the
Natiopal M FAcc scheme of section Chapter 3
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plants Socio-economicsystem in
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< Non—absorbed part pesticides

XControIIed
Used landfills

Ecobystem (harvested) :
inputs for Biomass Emissions,
: leakages

Unused biomass (in EW-MFA)=waste from cultivated plantsin NMFAcc

315. The flow of waste to controlled landfillsis in principle considered as an internal flow of the socio-
economic system in EW-MFAcc, exactly as in the accounts of Chapter 3'. However, it is an express
requirement that — notwithstanding the high aggregation level of activities, landfilling of waste be
distinguished from other forms of accumulation, asits very different nature is acknowledged. Moreover it can
be noted that in many current applications the distinction between controlled and uncontrolled landfilling is
not implemented and in most if these cases al landfilled waste is dealt with as an output to nature (and
conseguently the emissions from landfills are not counted as such, but asinternal flows of nature). Figure 5.1
also shows the flows connected to controlled landfills (represented as a box in the lower right corner of the
SOCi 0-economic System area).

316. If the disaggregation of economic activities is such that the flows from and to cultivated plants and
from and to landfills are visible, the full-fledged NMFAcc scheme of section Chapter 3.6 provides all the data
necessary for constructing the EW-MFAcc described here.

1.1.2 Residence versus territory principle

317. EW-MFAcc system boundary for the nationa socio-economic system diverge from those of the
SNA-coherent NMFAcc framework — and consequently also from monetary national accounting ones — in
that there is atendency in NMFAcc to apply the territory (rather than the residence) principle. Thisis mainly
because the application of the residence principle is not an easy task since the basic physical statistics are
mainly established for the nationd territory (see e.g. land use, agricultural and forestry statistics, mining and
quarrying statistics). Therefore, the focus of EW-MFA lies in the material flows from and to a country’s
territory, rather than on those from and to the national socio-economic system.

4 This follows the latest recommendation on the issue of the Eurostat Task Force on Material Flow Accounting.
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318. Current experience suggests that the most important difference between applying the residence or
the territory principle results from fuel use and corresponding air emissions related to international transport
including bunkering of fuels and emissions by ships and internationa air transport as well as from individual
mobility of tourists. These differences mainly concern the transport sector and household’ s final consumption
activities. Obvioudly, the significance of internationa transport and tourism activities and in particular the net
balance of fossi| fuel use and related emissions by resident units abroad and non-resident units on a nation’s
territory will differ across countries. This has to be taken into careful consideration if indicators have to be
derived from the accounts to be used for international comparison: EW-MFAcc usualy refer to the nationa
territory. If a measure consistent with monetary national accountsis desired, fuel use and emissions by non-
residents on a nation’ s territory and by residents abroad may be calculated for subtraction from and addition
to the EW-MFAcc values respectively.

1.2. Identification, denomination and classification of materials

319. As a consequence of the different system boundary shown above, not al the flows crossing the
nature/socio-economic system of the national MFAcc of Chapter 3 are of interest for EW-MFAcc. On the
input side, the latter focuses on the “materia inputs’ to the socio-economic system identified as all the
“natural resources’ of Chapter 3 plus the harvested portions of cultivated plants (“biomass extraction™).
“Work-in-progress’ of cultivated plantsis not considered part of the socio-economic system.

320. “Ecosystem inputs’ do not exist as such in EW-MFAcc. The item “oxygen for combustion and
respiration” is still present and coincides with that of Chapter 3; however, thisis called an “input balancing
item”. The other ecosystem inputs, though used by cultivated plants, are not relevant as such for EW-MFAcc,
since these flows are seen as internal to nature, as shown above. However, part of these materias are ill
present (though not visible as ecosystem inputs) in the accounts, since they are incorporated into the
harvested quantities of cultivated plantsincluded in the “biomass extraction”.

321. On the output side EW-MFAcc does not comprise the oxygen produced by cultivated plants, (a
residua stemming from agricultural and forestry activity in SNA-coherent NMFAcc). Moreover, as EW-
MFAcc focus on the material outputs of the socio-economic system that are potentially harmful to nature, it
atributes the qualification of “output balancing items’ to the other similar “residuals’ that have to be
accounted for in order to complete this side of the balance, namely to flows such as water vapour from
respiration and combustion.

322. Flows such as those of fertilisers and pesticides are considered outputs to nature altogether, and
denominated “dissipative uses of products’. These include both the part absorbed by the cultivated plants
(which is dealt with as an internal flow of agriculture in Chapter 3) and the part which is lost in the natura
environment (aresidua in both frameworks).

323. As in the more general NMFAcc framework, water and air that become part of a materia good
during the production process are included in the mass balance. In EW-MFAcc these amounts of water and
air arereferred to as additional inputs and are accounted for as input balancing items.

1.3. Consequences of different system boundary on the quantification of the flows

324. As a consequence of the differences described above, lower used inputs from the natura
environment are recorded in EW-MFAcc. Moreover, the inputs accounted for are differently distributed
between “materia inputs’ and “balancing items’ than between “natural resources’ and “ecosystem inputs”.

325. Indeed, the flow of ecosystem inputs to the cultivated plants, to be recorded as used inputs under

Chapter 3's approach, can be divided in four parts: the one transformed in oxygen by the plants; the one
embodied in plants as “work-in-progress’; the one embodied in the parts of the plants subsequently discarded
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in the harvesting phase; and the part embodied in the harvested plants themselves. In EW-MFAcc the first
two parts do not appear at al and the third one is considered an unused flow, which is not present as such in
the accounts of Chapter 3 (where it is considered waste); only the latter part is included as used biomass in
EW-MFAcc.

326. For the same reasons, unused materials from biomass gathering are much larger in EW-MFACcc,
and biomass waste from plants much lower, since the latter is accounted for as an unused flow in EW-
MFAcc. Gross accumulation of stocks is aso lower in EW-MFAcc, as “work-in-progress’ plants are not
included (they are dealt with as pure nature).

327. As far as the outputs to nature are is concerned, 100% of fertilisers and pesticides spread on the
land are accounted for as outputs to nature in EW-MFAcc. Thisisin practice not abig difference from SNA-
coherent NMFA cc since the absorbed part is usually aminor one.

328. The application of the territory principle rather than of the residence principle implies a different
(smpler) treatment of statistical sourcesfor fuel usein EW-MFAcc, as no corrections are necessary neither to
import/export data (for direct purchases of residents abroad and of non residents in the focus country) nor of
the usually available estimates of residuals for the corresponding emissions and wastes.

1.4. Supply and use tables at the EW-MFAcc level of aggregation by activity

329. As dready hinted, EW-MFAcc can be considered a pragmatic version of a very aggregated
NMFAcc scheme such as those presented in Chapter 3.2. In particular, if we modify those PSUTsin order to
make it realistic by allowing the representation of the material exchanges with the rest of the world, and
adjust the materials and activities' classifications of our example according to the new system boundary, we
obtain the PSUTs of Table5.1 and Table 5.2.
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Table 5.1 — Use table corresponding to the EW-MFAcc of a national socio-economic system (to be revised; will
changes in stocks for products as a net measure)

Human system
National human system
Conirolied . Rest of the world Total human system ell\'l‘j‘;";’l‘;‘;’l’enr J‘gg gﬁfﬂiﬁﬁiﬁ
Use {rar;\g%!fr::;mn Material sfocks |iandfiils & waste ;:";:::”:;:i hunan system | AL ASEL
sfarage =
T s L HI=T+S+L H2 H=H1+H2 NE H+NE
N1 - Fossil fuels 65.000 - - 65.000 - 65.000 - 65.000
N2 - Ferrous metal ares 5.000 - - 5.000 - 5.000 - 5.000
g N2 - Non-ferrous metal ores 25.000 - - 25.000 - 25.000 - 25.000
= N4 - Industrial minerals 15.000 - - 15.000 - 15.000 - 15.000
% NS - Construction minerals 140.000 - - 140.000 - 140.000 - 140.000
E NG, EW-MFA variant - Cultivated and MNon
5 Cultivated biomass (=MN6+E1+E3-0xygen
produced by cultivated plants) 50.000 - - 50.000 - 50.000 - 50.000
N, EW-MFA variant - All material inputs 300.000 B B 300.000 B 300.000 B 300.000
2 Bl1 - Water as a balancing itern (EW-MFA
g variant of N7) 15.000 - - 15.000 - 15.000 - 15.000
§ BI2 - Cxeygen for combustion and respiration
3 (E2 butforresidence prnciple) 320.000 - - 320.000 - 320.000 - 320.000
% BI - All input-side balancing items (EW-
£ MFA variant of E) 335.000 - - 335.000 - 335.000 - 335.000
P1- Animal and vegetable products 11.000 3.000 - 14.000 3.000 17.000 - 17.000
PSR RN 18.000 145.000 - 163.000 12.000 175.000 - 175.000
P3 - Energy commodities 64.000 6.000 - 70.000 = 38.000 108.000 - 108.000
g P4 - Metals, machinery, etc 8.000 8.000 = 16.000 7.000 23.000 = 23.000
e PS5 - Plastic and plastic products 4.000 3.500 - 7.500 2.000 9.500 - 9.500
P8 - Wood, paper, et 3.000 3.500 - 6.500 4.000 10.500 - 10.500
ot 10.000 6000 - 16.000 | 5500  21.500 - 21.500
FIECETES 118.000 175.000 - 293.000 71.500 364.500 - 364.500
W1 - GHGs, acidifying substances, ozone
layer depleters o o o - o - 288.000 288.000
W2 - Heawy metals to air = - - - - - 0.020 0.020
W3 - Other toxic substances to alr (POPs,
PCEs, etc) = = - - - - 0.030 0.030
W5 - Nutrients to water - - - - = - 0.940 0.940
W6 - Heavy metals to water = - - S = = 0.010 0.010
O il omawoa ey 0.100 - - 0.100 | - 0.100  0.900 1.000
2 W3 - Hazardous waste 1.000 - 10.500 11.500 0.200 11.700 0.500 12.200
§ | We- Constucton ond demolionvecte  (RIRIRN - 13.000 24300 - 24.300 1.500 25.800
* W10 - Other non-hazardous waste 3.500 - 16.000 19.500 1.500 21.000 20.000 41.000
W1 - Manure, sewage, residual water - - - - - o 15.500 15.500
W, EW-MFA variant - All processed
cutputs to nature (= W - W4) 15.900 - 39500 55400  1.700 57.100  327.400 384.500
BO - Output balancing items: other
gaseous residuals (vapour, etc.) (= W4 -
oxygen produced by cultivated plants)
- - - - - - 166.000 166.000
TOTAL MATERIAL USE BY ACTMITY 768.900  175.000  39.500  ©983.400 73.200 1,056.600  493.400  1,550.000
g U1, EW-MF A variant - Plants and animals 15.000 o o 15.000 o 15.000 15.000
% U2 - Mining overburden 55.000 o o 55.000 o 55.000 55.000
% U2 - Soil removal 40.000 = = 40.000 = 40.000 40.000
> U, EW-MFA variant - All unused 110.000 - - 110.000 - 110.000 110.000
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Table 5.2 — Supply table corresponding to the EW-MFAcc of a national socio-economic system (to be revised)

Human system
National human system rostofih TOTAL
est of the Natural MATERIAL
Contrallad . Total human .
S U PP LY {ra:g;‘ao!re;:;mn Material stocks /sndgl/ZS:iEaS(e h?r:g:‘;;ﬁgt:ﬂ) wo;[;sf:::nr:mn system environment SJJEELLEY_D IATERIA
T S L H1=T+S+L H2 H=H1+H2 NE H+NE
M1 - Fossil fuels = - - - = S 65.000 65.000
N2 - Ferrous metal ores = - - S = S 5.000 5.000
o N3 - Mon-ferrous metal ores o o o = o 5 25.000 25.000
g N - Industrial minerals o o o = o 5 15.000 15.000
% NS - Construction minerals o o o = o 5 140.000 140.000
E MNE, EW-MFA variant - Cultivated and Nan
% Cultivated biomass (=NG6+E1+E3-0xygen
produced by cultivated plants) - = = o o o 50.000 50.000
N, EW-MFA variant - All material inputs _ _ _ _ _ _ 300.000 300.000
E Bl - Water as a balancing item (EW-MFA
s variant of N7} - - - - - - 15.000 15.000
5 BIZ - Oweygen for combustion and respiration
g (=E 2 but for residence principle) _ _ _ - - = 320.000 320.000
% Bl - All input-side balancing items (EW-
< MFA variant of E) - - - - - - 335.000 335.000
P1- Animal and vegetable products 6.000 1.500 - 7.500 9.500 17.000 - 17.000
e el ingImatenal 157.000 6.000 - 163.000 12.000 175.000 - 175.000
P3 - Energy commodities 41.000 5.000 = 46.000 62.000 108.000 = 108.000
g P4 - Metals, machinery, etc 13.000 0.100 = 13.100 9.900 23.000 = 23.000
£ P5 - Plastic and plastic products 5.000 1.000 - 6.000 3.500 9.500 - 9.500
P6 - Wood, paper, sfc 7.500 1.500 - 9.000 1.500 10.500 - 10.500
T 11500  2.000 - 13.500 | 8000  21.500 - 21.500
P - All products 241.000 17.100 - 258.100 106.400  364.500 - 364.500
W1 - GHGs, acidifying substances, ozone
layer depleters 287.000 - 1.000 288.000 - 288.000 - 288.000
W2 - Heavy metals to air 0.020 - - 0.020 - 0.020 - 0.020
W3 - Other toxic substances to air (POPs,
PCBs, efc)) 0.030 - - 0.030 - 0.030 - 0.030
W5 - Murients to water 0.940 - - 0.940 - 0.940 - 0.940
W - Heavy metals to water 0.010 - - 0.010 - 0.010 - 0.010
W7 - Other water-polluting residuals (ol
Spills, solid waste etc) 0.900 - - 0.900 - 0.900 0.100 1.000
2 W8 - Hazardous waste 11.200 0.700 - 11.900 0.300 12.200 - 12.200
% W9 - Construction and demolition waste 13.000 12.800 _ 25.800 _ 25.800 _ 25.800
* W10 - Other non-hazardous waste 37.300 3.700 - 41.000 - 41.000 - 41.000
W11 - Manure, sewage, residual water 15.500 o = 15.500 - 15.500 - 15.500
W, EW-MFA variant - All processed
outputs to nature (= W - W4) 365.900 17.200 1.000 | 384.100 0.300  384.400 0.100 384.500
BO - Output balancing items: other
gaseous residuals (vapour, etc.) (= W4 -
oxygen produced by cultivated plants)
162.000 1.000 3.000 166.000 - 166.000 - 166.000
TOTAL MATERIAL SUPPLY BY ACTIVITY 768.900  35.300 4.000 808.200 106.700 914.900 635.100  1,550.000
Balance (mateisl accumuietion by ihe actviy) - 139.700 35500 175200 - 33.500  141.700 - 141.700 -
” U1, EVW-MF A variant - Plants and animals 15.000 o o 15.000 o 15.000 15.000
g g U2 - Mining averburden 55.000 o o 55.000 o 55.000 55.000
= g U3 - Soil removal 40.000 & = 40.000 & 40.000 40.000
U, EW-MFA variant - All unused 110.000 - - 110.000 - 110.000 110.000
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2. Main aggregates of EW-MFAcc
2.1. Direct material inputs

330. Direct (used) material inputs are defined as all solid, liquid and gaseous materials (excluding water
and air but including e.g. the water content of materials) that enter the socio-economic system, as delimited
above, for further use in production or consumption processes. The two main categories are Domestic
Extraction (DE) of natural resources and Imports. A further classfication of DE by material kind sees
biomass, fossil fuels and minerals as main sub-categories.

2.2. Unused domestic extraction

331. Unused domestic extraction differs in EW-MFAcc from what seen in Chapter 3.2 only for what
concerns the unused biomass flows, as discussed in section 1.3. It includes materials extracted or otherwise
moved on a nation’s territory on purpose and by means of technology which are not fit or intended for use.
Examples are soil and rock excavated during construction, dredged sediments from harbours, and overburden
from mining and quarrying and unused biomass from harvest. Agricultural soil that is eroded is not moved on
purpose but may be included as an optional memorandum item.

332. Unused domestic extraction is of the same order of magnitude as direct (used) material input in
industrialised countries. These unused material flows are counted as both inputs and outputs, with the net
effect for the material balance being zero.

2.3. Outputs to the environment

333. Outputs to the environment are defined as all material flows entering the national environment,
either during or after production or consumption processes. Outputs include emissions to air and water, waste
landfilled as well as dissipative use of materials (such as e.g., fertiliser or thawing materials). Outputs also
include the disposal of unused domestic extraction.

2.4. Memorandum items for balancing

334. EW-MFAcc are usudly drawn in actua (reported) weights. With this convention most of the
accounts can be set up based on existing data. However, for the full material balance, material inputs and
outputs must be measured consistently. As a consequence some of the ecosystem inputs and of the residuals
considered in Chapter 3, though not belonging to the focus materids of EW-MFAcc, also have to be
considered. For example, in combustion processes, the fuels are combined with air and oxidised, resulting in
emissions to air including carbon dioxide and water vapour as well as other residues such as ashes. The
difference in weight between fuel inputs and emission can be quite large. For example, only 27% of the total
weight of CO, emissions is carbon while 73% is oxygen. Another example is the water content of inputs of
biomass or minerals or of outputs of waste - the weights as recorded by statistical sources often includes the
water content of these inputs and outputs.

335. There are different options to ensure consistency of the material balance and to alow a meaningful
interpretation of differences between inputs and outputs. It is here recommended to introduce memorandum
itemsfor balancing. These memorandum items are only introduced for balancing purposes. They are not to be
included in the indicators derived from the accounts. Important memorandum items for balancing arelisted in
the classifications of inputs and outputs.

336. For example, for the air emissions to balance with the fuels used in combustion, the oxygen must be
included as a memorandum item for balancing on the input side. Alternatively, CO, emissions and water
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vapour could be described only in terms of their carbon and hydrogen content. Also memorandum items for
the water content of materials will have to be introduced.

337. The memorandum items for balancing are quantitatively important. The balancing items include the
oxygen for combustion, for bio-metabolism and for the production of technical gases as well as the water
input for evaporation by animal and human metabolism on the input side. On the output side, the balancing
items include the water vapour from combustion (from the water content of fuels and from oxidation of
hydrogen in fuels) aswell asthe water evaporation from animal and human metabolism.

2.5. Indirect flows of used and unused materials

338. In economy-wide MFA only flows that cross the system boundary of the economy are recorded.
The term ‘indirect flows therefore only refers to upstream flows associated to imports and exports of this
economy.

339. On the input side, indirect flows are defined as the up-stream material flows that are associated to
imports but are not physically imported. On the output side, indirect flows are defined as the upstream
material input flows associated to exports but are not physically exported. Indirect flows are the ‘cradle to
border’ inputs necessary to make a product (i.e., a good or a service) available at the border for import or
export, excluding the mass of the product itself. Two types of indirect flows associated to imports and exports
are distinguished: used and unused indirect flows. Indirect flows can only be calculated after the accounts for
direct (used) materials have been completed. For a more detailed description including a discussion of 10T-
based cal culation methods see Chapter 4.

340. Compiling the unused extraction associated to imported raw materials and some semi-manufactures
may be a useful first step in the anaysis, alowing a first etimate of indicators including indirect flows. In
this case it is recommended to document the categories that have been included in compiling these indicators.
With the increasing importance of finished goods and of services in imports (and exports) the error
introduced by this simplification may become quite large. The structure of imports and exports by broad
categories (raw materials, semi-manufactures, finished products) and its change over time provides a useful
indication for the size and development of this error.

341 The RME of imports alows compiling input indicators based entirely on RME by substituting the
imported products by their RME. Compiling also RME for exports permits cal culating indicators of apparent
material consumption expressed in RME.

342. Complementary analyses may be made, e.g. calculation of emissions or units of land use equivaent
associated to products imported or exported. For example, in addition to the indirect materia flows, the land
used abroad to produce the goods and services imported by a nation as well as the land used nationally to
produce the goods and services exported may be estimated. Indicators may be derived for land use ‘imported
and exported” as well as a net trade balance expressed in hectares. Similarly, emissions ‘imported or
exported’ (and the balance of these) may be caculated, i.e. the emissions to air or water or the waste
generated abroad to produce the goods and services imported by a nation as well as the emissions and wastes
generated domestically to produce the goods and services exported. These aspects are not further explored
here.

3. Classifications

343. The classifications presented are based on the following principles:

» The classifications should allow distinguishing between renewables and non-renewables, i.e.
allowing separate identification of biomass;
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» The main level of the classification of domestic extraction carries through to al other
classifications to allow compilation of sub-accounts and derivation of indicators by main material
groups (e.g., separately for fossi| fuels, minerals and biomass).

344. If controlled landfills (or forests and agricultural plants) are treated as part of the economy, some
adjustments to the classifications will be needed. For example, in the classification of outputs the waste land
filled has to be replaced by the emissions and leakages from landfills. In the classification of changes in
stocks, waste land filled has to be added to the additions to stocks and emissions and |eakages from landfills
to the removals.

3.1. Material inputs from nature and the rest of the world
3.1.1 Direct material inputs

345. Direct material flows are first classified by their origin into domestic extraction (used) and imports.
Materia inputs of domestic origin are further classified into three main material groups:

fossil fuels (coal, ail, natural gas, other);

minerals (metal ores, other industrial minerals, construction minerals);

biomass (food, fodder, timber, other).

346. Imports should be classified according to their level of manufacturing into raw materias, semi-
manufactured products, finished products and other products. Other products are products without further
characterisation of their manufacturing level in the classifications of foreign trade, mostly products of the
nutrition industry. Imports (and exports) are classified according to the Harmonised commodity description
and coding System (HS) and the Standard International Trade Classification (SITC - derived from HS).

347. The classfication of imports (which is adso used for exports) with its sub-categories for raw
materials, semi-manufactures and finished products as proposed here is potentially laborious as it requires to
aggregate trade data from detailed levels but has the advantage of showing trends in the structure of foreign
trade.

348. A further classification level for imports (and exports) is based, as for domestic extraction, on the
kind of material:

—  fromfossl fuels
—  fromminerals
—  from biomass.

349. This materia attribution is clear for base materials like coke (semi-manufactured fossil fuds), pig
iron (semi-manufactured metals) or copper ware (finished metal products). These three basic categories can
be further specified like the corresponding domestic extraction categories.

350. However, since imports and exports are products which may be highly composite, there may be
need for some other category (“mixed materials’) at this level or for percentage alocation of some
commodities. The more complex the materials mix of a manufactured product, the more critical its attribution
to a ‘dominant’ material category. The share of ‘secondary’ material categories (e.g., synthetic materials in
cars) may be important and may change over time so that it may be necessary to set up conversion tables for
the detailed attribution of imports (and exports) to material categories.
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3.1.2 Unused domestic extraction

351 Unused domestic extraction comprises three major groups:

— Unused extraction from mining and quarrying (mining/quarrying extraction wastes such as
overburden, interburden and parting materials);

— Unused extraction from biomass harvest (discarded by-catch, wood harvesting losses — i.e. timber
felled but left in the forests, other harvesting wastes);

— Soil (and rock) excavation and dredged materials (materials extracted during construction and
dredging activities).

3.1.3 Memorandum items for balancing: air inputs

352. Although air is not treated as a materia input for the derivation of indicators, it is useful to estimate
the oxygen demand of some processes to ensure that inputs and outputs balance. Hence, oxygen will appear
as a memorandum item on the input side corresponding to the emissions on the output side of oxidised
compounds (CO2, water vapour, etc.) from combustion and other processes. Input of oxygen (and nitrogen)
can be easily estimated based on chemical equilibrium formulae. The input may then be classified asfollows:

—  Oxygen (02) for the combustion of fuels (i.e., carbon, hydrogen, sulphur, nitrogen, etc. contained in
fuels);

—  Oxygen (0O2) for respiration of humans and livestock;
— Nitrogen to balance the NOx emissions from combustion;

— Air for other industrial processes.
353. A classification of material inputsis presented in Table 5.3.
3.2. Material outputs to nature, landfills and rest of the world

354. The materia outputs of the socio-economic system can be classified at the first level by main
destination, i.e. into outputs to the environment and exports.

3.2.1 Outputs to the environment

355. Outputs to the environment are defined as al material flows entering the environment, either during
or after production or consumption processes. Included is the disposd of unused domestic extraction. Outputs
to the environment can be classified further into processed and unprocessed outputs. Unprocessed outputs
correspond to the disposa of unused domestic extraction (equal to unused domestic extraction on the input
side). Processed outputs are the result of production or consumption processes. Processed outputs to the
environment are classified into:

— Emissions and waste flows;
— Disdipative use of products and dissipative losses of materials.
356. Main groups of emissions and wastes are:

— Emissionsto air;
- Wasteland filled;
—  Emissionsto water.
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Table 5.3: Classification of material inputs

Domestic extraction (used)

Biomass (including biomass extracted for own final use)
Biomass from agriculture
Biomass from agriculture reported by harvest statistics
Cereals
Roots and tubers
Pulses
Qilcrops
Vegetables
Fruits
Treenuts
Fibre crops
Other crops
Biomass from agriculture as a by-product of harvest
Crop residues used as fodder
Straw used for economic purposes
Biomass from grazing of agricultural animals
Grazing on permanent pastures not harvested
Grazing on other land (including alpine pastures)
Biomass from forestry
Wood
Coniferous
Non-coniferous
Raw materials other than wood
Biomass from fishing
Marine fish catch
Inland waters (freshwater) fish catch
Other (aquatic mammals and other)
Biomass from hunting
Biomass from other activities (honey, gathering of
mushrooms, berries, herbs etc.)
Fossil fuels
Hard coal
Lignite (brown coal)
Crudeail
Natural gas
Other (crude ail gas, peat for combustion, oil shale, etc.)
Metal ores
Uranium and thorium ores
Iron ores
Copper ores
Nickel ores
Aluminium ores
Lead, zinc and tin ores
Other non-ferrous metal ores
Minerals
Ornamental and building stone
Limestone, gypsum, chalk
Slate
Sand and gravel
Clays and kaolin
Chemical and fertilizer minerals
Salt
Other mining and quarrying products

I mports®®

Raw materials
Biomass
Fossil fuels
Metal ores
Minerals
Secondary raw materials
Semi-manufactured products
From biomass
From fossil fuels
From metal ores
From minerals
Finished products

Predominantly from biomass
Predominately from fossil fuels
Predominately from metal ores
Predominately from minerals
Other products
Other products of abiotic kind
Other products of biotic kind
Other products, n.e.c.
Packaging material imported with products
Waste imported for final treatment and disposal

Memorandum itemsfor balancing™®

Oxygen for combustion (of C, H, S N, etc.)
Oxygen for respiration

Nitrogen for emissions from combustion

Air for other industrial processes

(liquefied technical gases, polymerisation, etc.)

Unused domestic extraction

Unused extraction from mining & quarrying of fossil fuels
Unused extraction from mining & quarrying of minerals
Unused biomass from harvest

Wood harvesting losses

Agricultural harvesting losses

Other (discarded by-catch, etc.)
Soil excavation and dredging

Excavation for construction activities

Dredging materials

I ndirect flows associated to imports

Raw material equivalent of imported products'’
Biomass
Fossil fuels
Metal ores
Minerals

Unused extraction of imported products
Unused biomass from harvest
Unused extraction from mining & quarrying of fossil fuels
Unused extraction from mining & quarrying of metal ores
Unused extraction from mining & quarrying of minerals
Soil excavation and dredging

%5 |mport (and export) data should be organised at a more detailed level in parallel to the classification of domestic extraction to the extent possible,

to allow for aggregation of domestic extraction and imports.

16 Memorandum items for balancing are not to be included when compiling indicators.
Y The indirect flows (of used materials) are compiled as raw material equivalents minus the weight of the imports.
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357. Dissipative uses of products and dissipative losses are defined as the quantity (weight) of materials
which are dispersed into the environment as a deliberate, or unavoidable (with current technology)
conseguence of product use. These flows comprise two components:. dissipative uses (for example, fertilisers
and manure spread on fields, or salt and other thawing materials spread on roads), and dissipative losses (for
example, rubber worn away from car tires, particles worn from friction products such as brakes, abrasion
from roads, losses due to evaporation of e.g. water or other solvents'® carrying paints or other coatings).
Dissipative uses can be part of an ultimate throughput flow, e.g. mineral fertiliser, or part of recycling, e.g.
manure, compost and sewage applied on fields for nutrient recycling. Dissipative uses of products and
dissipative losses are mainly:

— Useon agricultural land (fertiliser, manure etc.);
— Useonroads (sand, salt etc.);
— Losses(corrosion and abrasion of products and infrastructures, leakage etc.).

3.2.2 Exports

358. Exports are classified in the same way as imports. This dlows to account for physica trade
balances (imports minus exports) and for domestic material consumption (domestic extraction plus imports
minus exports) per category of materials. Also indirect flows associated to exports may be classified in the
same waly as those associated to imports.

350. A classification of material outputs is presented in Table 5.4. This does not include disposal of
unused materials and indirect flows, as these are classified in the same way as the corresponding inputs.

3.3. Useful material stocks and stock changes

360. Useful stocks in the context of EW-MFAcc are mainly man-made fixed assets. They are classified
by main categories into Infrastructures and buildings and other stocks (machinery, vehicles, durable goods,
etc.). Experience suggests that infrastructures and buildings usually represent more than 90% of the tota
physical stock and stock changes measured in tonnes. Though being inside the boundary of the socio-
economic system, stocks and changes in stocks related to human bodies and livestock, cultivated forests and
controlled landfills are not further discussed here.

361. Stock changes result from the material flows to and from the stocks (additions and removals)
during the accounting period. Additions to the stock of infrastructures and buildings would be construction
materials for new constructions or renewal, and removals would be construction and demolition wastes (and
dissipative losses by corrosion and abrasion of infrastructures and buildings). In the case of machinery,
vehicles and similar durable goods, additions would be new machines or new parts, removals would be the
wastes from discarding these durable goods. Demolition waste recycled and used for new constructions
should be included under both gross additions and removals, leaving the net additions unaffected. Removals
could aso be due to e.g. the export of second-hand durable goods or abandonment of buildings but these
flows may not be significant in practice.

18 Solvents may be included in estimates of air emissions (VOCs). Solvents are classified as a dissipative use rather than air emissions. However,
in practice data availability may require to adapt the classification and include certain dissipative material flows in emissions and wastes (e.g.
to include solventsin air emissions).
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Table 5.4: Classification of material outputs

Emissions and wastes

Emissions to air from combustion and industrial processes
CO,
SO,
NO as NO;
VOC (NMVOC excl. solvents and CH, excl. CH, from landfills)
CcO
PM - Particulate matter (incl. dust)
N,O excl. use of products and N from agriculture and wastes
NHjs excl. N from fertilisers
CFCs and Halons

Dissipative use of products and dissipative losses

Dissipative use of products
Dissipative use on agricultural land
Mineral fertilisers
Farmyard manure
Sewage sludge
Compost
Pesticides
Seeds

Exports™ (detailed classification is the same as for imports)

Memorandum items for balancing®

Water vapour from combustion (H;0)
From water (H,O) contents of fuels
From hydrogen (H) contents of fuels

Water evaporation from products
Water content of biomass

Waste land filled

From private households (and household-type waste from
industry and commerce)

From industry and commerce (production waste and
construction/demolition waste)

From waste and waste water management activities
(sewage sludge, etc.)

Emissions to water

Nitrogen (N)

Phosphorus (P)

Other substances and (organic) materials
Dumping of materials at sea

Dissipative use on roads (thawing and grit materials)
Dissipative use of other kind (incl. solvents)

Dissipative losses

Abrasion (tyres, etc.)

Accidents with chemicals

Leakages (natural gas, etc.)

Erosion and corrosion of infrastructures (roads, etc.)

Water content of other materials

Respiration of humans and livestock

CO,
Water vapour (H,O)

Table 5.5: Classification of material stock changes

Total (gross) additions
Infrastructures and buildings
Construction minerals
Metals
Wood
Other construction materials
Removals (incl. losses)
Infrastructures and buildings
By demolition
Construction minerals
Metals
Wood
Other materials
By dissipative loss
Construction minerals
Metals
Wood
Other materials

Infrastructures and buildings
Construction minerals
Metals
Wood
Other materials

Net additions to material stock (gross additions minus removals)

Other (machinery, durable goods, etc.)
Metals
Other materials

Other (machinery, durable goods, etc.)
By discard
Metals
Other materials
By dissipative loss
Metals
Other materials

Other (machinery, durable goods, etc.)
Metals
Other materials

9 Export data should be organised at the same level of detail as imports to the extent possible, to allow compilation of physical trade balances by

material groups.

2 Memorandum items for balancing are not to be included when compiling indicators.
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4, Aggregated EW-MFAcc and derived indicators

362. This section presents a system of aggregated accounts for EW-MFAcc. Little or no detail on the
kind of the materials included is provided by these accounts. Individual accounts are drawn up so as to aid
practical and analytical work. The sequence of these accounts is such that the material flows for which data
are more likely to be available are presented first. Progressing through the sequence of accounts, more
primary data and compilation work will be required.

363. Each flow account has two sides. They are called resources and uses. Resources are by convention
put on the left side. Other terms could be used for the two sides of the accounts, such as supply and use,
origin and destination, inflows and outflows or inputs and outputs. This is not done because most of these
latter terms have been used for other purposes.

364. In the national accounts, the term resources is used for the side of the current accounts where
transactions which add to the amount of economic value of a unit or sector appear. The uses side of the
accounts rel ates to transactions that reduce the amount of economic value of a unit or sector.

365. In the sequence of aggregated EW-MFAcc the flows that add to the amount of materia in the
national socio-economic system are recorded on the resources side. For example, domestic extraction and
imports are recorded on the resources side of the accounts. By extension, the same principleis also applied to
unused extraction. On the uses side flows that reduce the amounts of materials in the economy are recorded.
For example, exports and emissions are recorded on the uses side.

366. Furthermore, on the uses sde accumulation and balancing items occur. For example, in the PTB
account the physical trade balance, and in the Direct Materia Flow Balance the net additions to stock appear
on the uses side. More generally, indicators always appear on the uses side when they are first derived.

367. The individual accounts are;

1. Direct Materia Input (DMI) account;

2. Domestic Materia Consumption (DMC) account;

3. Physical Trade Balance (PTB) account;

4. Direct Processed Output to Nature (DPON) account;
5a. Net Additions to Stock (NAS) derived as a balance of inputs and outputs;
5b. Net Additionsto Stock (NAS) directly measured;
7. Direct Material Flows Balance;

8. Unused Domestic Extraction account;

9. Indirect Flows account;

10. Total Materia Requirement (TMR) account;

11. Total Materia Consumption (TMC) account.

368. The first account is to determine DMI. This is done simply by summing up the categories of
meaterial flowsthat constituteit.
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Account 1: DMI account

RESOURCES USES
Domestic extraction
Fossil fuels (coal, oil )
Minerals (ores, sand...)
Biomass (timber, cereals...)

Imports

DMI - direct material input

3609. The second account isto derive DM C as a balancing item by deducting exports from DMI.

Account 2: DMC account

RESOURCES USES
DMI - direct material inputs Exports

DMC - domestic material consumption

370. Thethird account is to derive the physical trade balance by deducting exports from imports. Hence,
a (physical) trade surplus (or net import of materials) occurs when imports exceed exports, and a physical
trade deficit (or net export of materials) when exports exceed imports.

Account 3: PTB account

RESOURCES 1 USES
Imports I Exports

| PTB — physical trade balance

371 The fourth account is to determine Domestic Processed Output to Nature. This account is put here
in the sequence to allow derivation of NAS (see Account 5a). When NAS is derived from gross additions to
stock minus removals from stock (see Account 5b), then the DPON account is not strictly necessary at this
stage in the sequence of accounts.

Account 4: DPON. account

RESOURCES USES
Emissions and wastes
Emissions to air
Waste landfilled
Emissions to water
Dissipative use of products and losses
(Fertiliser, compost; corrosion....)

DPO - Domestic Processed Output

372. Thefifth account isto determine Net Additions to Stock. This can be done in two ways. Account 5a
derives NAS as aresidua from DMC less DPON (which is a very rough method). Account 5b derives NAS
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as a residual from gross additions to stock minus discard, demolition and losses from stock. Account 5b
should be set up by main material categories.

Account 5a: NAS account (NAS as balancing item)

RESOURCES USES
DMC- domestic material consumption Emissions and wastes
Emissions to air
Waste landfilled
Emissions to water
Dissipative use of products and losses
(Fertiliser, compost; corrosion....)

Memorandum items for balancing NMemorandum items for balancing

NAS — Net additions to stock

Account 5b: NAS account (NAS directly compiled)

Transport | Buildings | Machinery | Other |Inventories®| Total
infrastructure durables

+ Addifions (gross)

- Discard and demolition waste™

- Losses due to corrosion & abrasion
= Net additions to stock

* excluding inventories of standing timher, **...other removals (e.9. exporis of second-hand cars) are conceivahle

373. The above accounts alow to present a flow balance (in which inputs and outputs are equal) for
direct materia inputs and outputs.

Account 7: Direct Material Flow Balance

RESOURCES USES
Domestic extraction Emissions and wastes
Fossil fuels (coal, oil...) Emissions to air
Minerals (ores, sand.. ) Waste landfilled
Biomass (timber, cereals. ) Emissions to water
Dissipative use of products and losses
Imports (Fertiliser, manure, abrasion etc.)
Exports

MNet additions to stock

Memorandum ifems for balancing Memorandum items for balancing

Statistical discrepancy

= (DMI + memorandum items for halancing) = (DMO + NAS + memorandum items for balancing)
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374. Account 8 simply presents unused domestic extraction (with inputs and outputs being equa by
definition). Combining this account with the DM account (Account 1) allows derivation of domestic TMR
and combination with the DPON account (Account 4) alows derivation of TDON (Total Domestic Output to
Nature).

Account & Unused extraction account

RESOURCES USES
Unused domestic extraction Disposal of unused domestic extraction
From mining/gquarrying From mining/guarrying
From biomass harvest From biomass harvest
Soil excavation Soil excavation

375. Account 9 presents a physical trade balance for indirect flows. Note that international trade flows
and associated indirect flows can be quite complex and need further research. For example, additiona
categories for ‘re-export (re-import) of indirect flows associated to imports (exports) may be considered. For
the uses side, the indirect flows associated to exports could be separated into domestic indirect flows and
imported indirect flows associated to the production of the products exported.

Account 9: Indirect flows trade balance

RESOURCES USES
Indirect flows associated to imports Indirect flows associated to exports
Used (RME less the weight of imports) Used (RME less the weight of exports)
Unused extraction associated to RME Unused extraction associated to RME

Indirect flows trade balance

RME = Raw Material Equivalent
376. Account 10 summarises the Accounts 1, 8 and 9 to calculate TMR.

Account 10: TMR account

RESOURCES USES
Domestic extraction
Fossil fuels (ceoal, oil._.)
Minerals (ores, sand...)
Biomass (timber, cereals...)

Imports

Unused domestic extraction
From mining/guarrying
From biomass harvest
Soil excavation

Indirect flows associated to imports
Used (RME less the weight of imports)
Unused extraction associated to RME

TMR — total material requirement
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377. Account 11 is to derive TMC by deducting exports and indirect flows associated to exports from
TMR.

Account 11: TMC account

RESOURCES USES
TMR - total material requirement Exports

Indirect flows associated to exports
Used (RME less the weight of exports)
Unused extraction associated to RME

TMC — total material consumption

5. The composite material balance - derivation of aggregate indicators

378. The considerations and the accounts can be summarised in a composite material balance (see Figure
5.2) that alows the derivation of several aggregate material-related indicators. The balance in Figure 5.2 is
caled ‘composite’ because it shows all the items important for the full set of EW-MFA in a summary form
but is not actually used for balancing purposes. In practical work, a Direct Material Flow Balance is set up
which will be the last step (data reconciliation) after the individual accounts for main categories of inputs,
outputs and stock changes have been made. These individua accounts are sub-sets of the composite balance
and include a Direct Materia Input Account, a Physical Trade Balance Account, an Unused Domestic
Extraction Account and a Total Material Requirements Account.

Figure 5.2: Composite economy-wide material balance with derived resource use indicators

INPUTS (origin) OUTPUTS (destination)
Domestic extraction Emissions and wastes
Fossil fuels (coal, oil...) Emissions to air
Minerals (ores, sand...) Naste landfilled
Biomass (timber, cereals...) Emissions to water
Dissipative use of products and losses
Imports (fertiliser, manure, seeds; corrosion...)
DMI - direct material inputs DPO - domestic processed output to nature
Unused domestic extraction Disposal of unused domestic extraction
From mining/quarrying From mining/quarrying
From biomass harvest From biomass harvest
Soil excavation Soil excavation
TMI — total material input TDO - total domestic output to nature
Exports

TMO — total material output

Indirect flows associated to imports
TMR - total material requirements Net Additions to Stock
Infrastructures and buildings
Other (machinery, durable goods, etc.)

Indirect flows associated to exports
Note: excludes water and air flows {unless contained in other matenals).

379. The composite balance allows cal culation of aggregate material consumption indicators, as follows:
DMC (domestic material consumption) = Domestic extraction (used) plus Imports minus Exports;
A Physical Trade Balance (PTB) may be defined as Imports minus Exports;

98



ENV/EPOC/SE(2006)4/REV 1

TMC (total material consumption) = TMR (Domestic extraction (used and unused) + Imports +
indirect flows imported) minus Exports minus indirect flows exported.

380. When the appropriate memorandum items for balancing are introduced, the indicators derived on
the input and the output side can be linked by accounting identities. For example, DMI equals DPON plus
NAS plus Exports, or NAS equals DMC minus DPON.

381. The above presentation employs classifications that emphasise different aspects on the input and on
the output side, namely direct economic use of materials on the input side (direct material inputs versus
unused extraction and indirect flows) and environmental pressures (outputs to the domestic environment
versus exports and additions to stocks) on the output side.

382. Applying these basic classification principles differently, further aggregates could be defined. For
example, an aggregate for Direct Material Output (DMO) may be defined as DPON (domestic processed
output to nature) plus exports. This is the basis for the Direct Material Flow Baance defined as DMI
(domestic extraction (used) plus imports) = DMO (domestic processed output to nature plus exports) plus
NAS (net additions to stocks). This balance also requires the introduction of memorandum items for
balancing.

6. Reconciliation between EW-MFAcc indicators and SNA-coherent measures of
the cross-boundary and accumulation flows of the socio-economic system

383. [reconciliation tables to be devel oped]
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