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Preface

The European Strategy for Environmental Accoun(lB§EA) identifies Economy-wide
Material Flow Accounts as one core module of Enwinental Accounts to be produced
regularly and in a timely fashion in order to sugigamlicy making. By providing these
reporting guidelines, Eurostat is trying to imprdlie methodological foundation for
harmonized economy wide material flow accounts sEurope and improve the data
collection exercise for 2009.

These current draft guidelines are still under tigyaent and will need to be revised in the
near future taking into consideration the needriethodological guidelines for reporting data
under a potential future legal base for Europeamtaes as well as the current revision of the
SEEA (2003 draft) which is recommending that amagigted CPC (the equivalent European
standard is CPA) be used for physical flow accagntather than the current MFA
categories. To see an initial proposal for thesegmay changes that was made to the London
Group's 18 meeting, see the paper "Classifications of Malt&iiavs for SEEA-MFA"
(http://unstats.un.org/unsd/envaccounting/londonghmeeting13/LG13_3a.pdf). The final

version of these guidelines are planned to berd irostat-OECD publication.
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Material Flows is one type.
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Preamble: The revised MFA guide

The first version of Eurostat’s “Material Flow Aagats: a compilation guide” was released in
draft form in 2007. It has been used by natioratistical offices to support the collection of
EW-MFA data and to complete the MFA questionnanet ®ut by Eurostat in 2007. This
revised version of the compilation guide is a pridif feedback from experts from national
statistical offices and international organisatiofse revisions have been guided by the
experience from the 2007 data collection and aladiwee tried to improve the quality of the
compilation guide as a hands-on manual for praci#is. Additionally, several adjustments
of the MFA methodology were necessary in ordeeftect advancements in the international
process of standardisation and harmonisation of Miethods at the United Nations (London
Group on Environmental Accounting) and the OECDreHs a brief summary of the most
important revisions:

A major effort has been made to improve the prability of the estimation procedures
provided for those material flows which are notemd well by statistical sources. Above all
this refers to the estimate of grazed biomass 2A2).. gross ores and coupled production
(A.2), limestone (A.3.2.1) and sand and gravel (A3). For these material groups we have
improved the instructions given in the guide, weehencluded practical examples and more
detailed conversion factors (e.g. for metal oressome cases we simplified the suggested
estimation procedures and to a certain extent gt@adological changes also demanded a
reorganisation of the MFA Tables (see below). altan tools have been developed by
Eurostat for helping the countries make evaluatan estimations for these different types
of the materials.

To work towards better consistency between EW-MRBRA the System of National Accounts
(ESA) and the United Nations System of Environmleamtal Economic Accounts (SEEA) a
section has been included which provides expledgnence to the residence principle, an
important underlying principle of environmental aaats. In practical terms the consequent
implementation of residence principle requires saajestments of import and export flows,
which are outlined in the chapter on trade flomsthle MFA Tables this is reflected in the
addition of material group 4.2.3 “adjustments fesidence principle” in the trade tables B
and D.

Finally some changes in the reporting tables weadenThese changes in the structure of the
MFA Tables were guided by the overall quality of figures to be reported and a need to
introduce a medium level of aggregation which aidar the publication of more detailed
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material flow data and distinguishes between matgroups which are based on statistical
data and those which are often estimated (ancgftiver; have to be flagged as estimates). At
the two digit level the new Tables distinguish betw 11 material groups for domestic
extraction and 18 material groups for imports axypbets. The restructuring of the Tables was
done in a way which in most cases allows for a #mggrouping of data collected in
accordance with the structure of the previous wversif the Tables. In general, data from the
2007 data collection can be used without major pidation to complete the new Tables. The
most important exception from this rule is the ferrgroup “A 3.2 limestone, gypsum, chalk
and dolomite” which has been split into two separaaterial groups and needs to be
recalculated. Detailed information about changasénstructure of the MFA Tables is
provided in a specific correspondence table (Arhexthe Eurostat data reporting
questionnaire).

Only minor revisions have been made in the sectdtise compilation guide which are
dealing with DPO and balancing items (Tables F@hd~or the time being, Eurostat is
prioritising the reporting of data on domestic extron and trade flows. If warranted,
methodological improvements and reporting of DP@ laalancing items will be considered

at a later time.
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Introduction

In the past years the physical dimension of econgrocesses, in particular the socio-
economic use of materials, was increasingly reaaghinternationally as a key area for a
sustainable development strategy. In 2001 the Gobtlmg Council adopted the Sustainable
Development Strategy which was revised in 2006 (Cowf the European Union 2006). The
6™ environmental action programme (European Parliamed Council 2002) specifies the
sustainable use of resources as one of six prifeitys for the period 2002 to 2012. A
thematic strategy on a sustainable use of resowaspublished by the European
Commission in 2005 (Commission of the European Canities 2005). An OECD council
recommendation on material flows and resourcesyatodty in April 2004 fostered the
establishment of an OECD work program on this tdggithe OECD working group on
environmental information and outlook. Finally,2806, UNEP initiated the foundation of an
international expert panel on a sustainable usesuafurces.

These processes substantially increased the needdnomy-wide, reliable and comparable
time-series data and indicators for material uge Gackbone of an environmental reporting
system which provides such information is econongewnaterial flow accounting (MFA).
Economy-wide material flow accounts are consistempilations of the overall material
inputs into national economies, the changes of nahtock within the economic system and

the material outputs to other economies or to therenment (Fig. 1).

Figure 1: Scope of economy-wide MFA

Input Economy Output
Materials Air emissions,
domestically water disposal,
extracted etc.
Imports Exports
from other to other
economies ec?nomies

|::> exchange with environment

exchange with other economies
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Economy-wide MFAs for the sake of brevity referred to as MFA in thBowing document,
cover all solid, gaseous, and liquid materials epxdor bulk water and air; the unit of
measurement is tonnes (i.e. metric tonnes) per $aailarly to the system of national
accounts, material flow accounts serve two majop@ses. The detailed accounts provide a
rich empirical database for numerous analyticalista They are also used to compile
different extensive and intensive material flowigadors for national economies at various
levels of aggregation. Economy-wide MFA therebioife seen as a satellite system to the
system of national accounts.

The first economy-wide material flow accounts,he tontemporary sense, were published in
the early 1990s for Austria (Steurer 1992), Japéiniétry of the Environment, 1992), and
Germany (Schitz and Bringezu 1993). Two publicatioynthe World Resources Institute
pioneered the comparative empirical analysis abnat economies in material terms and the
development of internationally comparable MFA iradars, Adriaanse et al. 1997 and
Matthews et al. 2000.

A major step towardsethodological harmonizationwas the publicatioBconomy-wide
material flow accounts and derived indicators: Athoglological guidgEurostat 2001). This
guide specified the underlying concept of matdleal accounting and the design of material
flow indicators. Agreements were based on extergdiseussion within the Eurostat MFA
task force which met twice in 2000. However, th@2Quide lacks specific information
regarding the compilation of MFAs. The repbftaterials use in the EU-15. Indicators and
Analysis,published by Eurostat one year later (EurostaPQfresented the first official

MFA data set for the EU-15 and provided detailddrnmation on a number of practical
aspects of the accounting methods in its techpasl Until now, these two reports
represented the only official reference sourcesrfethods on economy-wide material flow
accounting.

Due to a renewed policy interest in issues of nedtdows, resource productivity, and the
sustainable use of resourtamaterial flow accounting has beiemplemented in the

national statistical programmesof an increasing number of EU member states @&wa n
environmental accounting approach in the past y&éis in turn fostered a growing demand
for approved methods and practical guidance ontecsempile these accounts. In several
meetings between 2004 and 2006, the Eurostat M&lAftace continued its efforts on

! See for example tHEhematic Strategy on the Sustainable Use of NaReaburces (TSURB)oposed by the
European Commission in 2005.
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methodological standardisation by developing a natifow classification, MFA standard
tables, and detailed procedures on how to compikecanomy-wide MFA.

Thepurpose of this guide is two-fold. First, it documents tiethodological standardsin
economy-wide MFA that have been developed by thedtat task force. It should be noted
that not all aspects of economy-wide materials ffmeounting have been standardised yet.
As a consequence this guide does not cover issigbsas unused extraction, indirect flows or
sectoral disaggregation of material flows. Secdngrovidespractical step-by-step
proceduresfor the compilation of economy-wide material flaecounts as covered by the
new Eurostat classification system of economy-wiggerial flows (see annex 4), that also
serves as the classification for the Eurostat MEASgionnaire.

The practitioner in the statistical office may w@lsis guide in connection with the MFA
questionnaire. Also, statisticians from non-EU doies, students from various fields and
researchers who have an academic interest in MHAimd useful information and
methodological guidance in this reference manegardless of the specific reporting schema
to which they are committed.

The remaining of the manual is organized as folloltge second chapt@fundamentals)
summarizes the fundamental definitions and conegjpiinciples, applied in economy-wide
material flow accounting, and introduces the readé¢ne various partial accounts and the
overall structure of the MFA standard tables. TiedtchapteB (Table A domestic
extraction) provides step-wise procedures for the accountirpmestic extraction of
biomass, minerals and fossil fuels, including teedliption of data sources, crosschecking
opportunities, estimation methods, information onwersions and coefficients. The forth
chapter(Tables B, C, D, and E: imports and exportsgxplains the relevant sources and
steps in compiling the physical accounts for impartd exports. The fifth chapt@rable F:
domestic processed output: DPOgovers the analogous accounting information fapois

to the environment. The sixth chap(@able G. balancing items and net additions to stk)
explains how a consistent material balance fortema economy is completed. The seventh
chapter(Material flow indicators) defines and discusses the aggregated extensive and
intensive indicators that can be derived from ecopravide material flow accounts and

provides some empirical examples.

10
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Fundamentals

System boundaries

Economy-wide material flow accounting is concegdiubased on a simple systemic model of
an economy (referred to as national economy iridl@wing document) embedded in its
physical environment. The term embedded indicdtasgocio-economic systems in general
are conceived as materially (and energeticallynapestems, i.e. systems that maintain
socially organized material (and energy) exchamgtstheir environment. Such a
biophysical understanding of a socio-economic sysgecommonly referred to a®cial or
industrial metabolism (Fischer-Kowalski 1998; Ayres and Simonis 1994).

For the purposes of EW-MFA compilation, the specdfocio-economic system under
investigation is the national economy into or framich two types of material input or output
flows are possible. On the input side, we distisgetween inputs from the natural
environment and material imports from other nati@@@nomies (the rest of the world
(ROW)-economy). Likewise, on the output side, watidguish between outputs into the
environment and material exports to other economies

EW-MFA is consistent with the principles and systeoundaries of the system of national
accounts (ESA 95) and follows the residence priacip accounts for material flows
associated with the activities of all resident siot a national economy regardless of their
geographic location. In EW-MFA two types of matéfiaws across system boundaries are
relevant:

1. Material flows between the national economy tnednatural environment: This consists of
the extraction of primary (i.e., raw, crude or wgmaterials from and the discharge of
materials to the natural environment;

2. Material flows between the national economy #gredROW-economy. This encompasses
imports and exports.

Only flows that cross the system boundary on tpethiside or on the output-side are counted.
Material flowswithin the economy are not represented in economy-wide BiftRbalances.
This means that the national economy is treatedkdack box in MFA and e.g. inter-industry
deliveries of products are not described. Natdoav$ into, within, and out of the natural

environment are likewise excluded.

11
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Used and unused extraction:

Inputs from the natural environment are callddhestic extractiort. This refers to the
purposeful extraction or movement of natural materiby humans or human-controlled
means of technology (i.e., those involving labonspfar as they are considered resident
units. Not all materials that are deliberately agted or moved in the extraction process
ultimately enter the economy; and not all materdats moved with the intention of using
them in the economy. We therefore distinguish betwesed and unused extraction.

“Used refers to an input for use in any econongy,whether a material acquires the status of
a product. [...] Unused flows are materials thatexteacted from the environment without
the intention of using them, i.e. materials movetha system boundary of economy-wide
MFA on purpose and by means of technology but mou$e" (Eurostat 2001: 20). Examples
of unused extraction are soil and rock excavatethgwonstruction or overburden from
mining, the unused parts of fellings in foresthg tinused by-catch in fishery, the unused
parts of the straw harvest in agriculture or ndtgas flared or vented. The commonly used
term "domestic extraction" - abbreviated DE - alsagfers to "used" extraction if not
otherwise specified. In some older publicationsused extraction” is also called "hidden

flows". This compilation guide does not include sed extraction.

Stocks and Flows

The distinction between stocks and flows is anothledamental principle of any material
flow system. In general, fiow is a variable that measureguantity per time period,
whereas atock is a variable that measureg@antity per point in time. MFA is a pure flow
concept. It measures the flows of material inpotgputs and stock changes within the
national economy in the unit of tonnes (= metriortes) per year. This means that in MFA
stock changes are accounted for but not the qyanitthe socio-economic stock itself.
Although MFA is a flow concept, it is still imporato define carefully what is regarded as a
material stock of a national economy because aaditio stocks and stock depletion are
essential parts of the MFA framework. The defimtaf material stocks is also crucial in
identifying which material flows should or shouldtrbe accounted for as inputs or outputs.
This leads to an alternative definition of the systboundary. Input flows are all material

flows that serve as an input to produce or repredbe socio-economic material stocks

12

Compilation Guidelines for reporting to the 2009 Eurostat questionnaire - vO1 - June 2009



measured at the point where they cross the MFAifspsgstem boundary. Output flows are
discharges into the environment of the focal s@donomic system. This implies that they
are measured at the point where society losesalaer the further location and
composition of the materials.

In MFA, three typesof socio-economic materiatocksare distinguished: artefacts, animal
livestock, and humangértefacts are mainly man-made fixed assets as defined indhienal
accounts such as infrastructures, buildings, vebj@nd machinery as well as inventories of
finished products. Durable goods purchased by hmlds for final consumption are not
considered fixed assets in the national accouritadeuregarded as materials stocks in
economy-wide MFA.

Also thehuman population andanimal livestock are regarded as socio-economic stocks in
national MFA. This means that for a full nationaterial balance not only all food and feed
(including non-marketed feed such as grass directhsumed by ruminants on pastures) but
also the respiration of humans and animals musth®n into account as material inputs and
outputs.

Theoretically, the calculation of net stock changfesuld also include the changes in human
population and animal livestock. However, experegeesicows that these stock changes are
very small compared to e.g. the stock accumulahoough buildings, machinery or
consumer durables. In practice, therefore, the gdsm human population and animal
livestock can be ignored.

As a consequence of this definition of socio-ecoieastocks, some material stocks are
considered natural and not socio-economic dedpétéeict that they are part of the economic
production system. This appliesdgricultural plants and forests’, including cultivated
forests, and téish stocks(unless they are cultivated in aquacultures} ibhdeed not the
socio-economic importance of the stock that deteesnits attribution to the socio-economic
system but rather the degree of control that aespeixerts over the production and
reproduction of the stock.

From a more theoretical point of view, it shouldkept in mind that humans colonize - in the
sense of exercising sustained and organized cameslnatural processes - more and more

elements of the material world of which they apma of (Fischer-Kowalski and Weisz

2According to ESA 95 forests are regarded a socio-economic stock in national accounts; changes in forest stocks
are defined as “work in progress”. To allow for consistency between national accounts and EW-MFA it was
agreed that net changes in forest stocks should be accounted for as memorandum item in EW-MFA (see section
A 1.3 Wood).

13
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2005). The intensity with which humans colonizdetiént parts of their natural environment
is not equally distributed though. More or lesei#ive colonization technologies may be
applied to make use of the various material stpc&sgided by the natural environment. By
and large the attribution of stocks to either theural or the socio-economic system is
intended to follow a gradient of colonisation irggéies. In this respect the livestock
production system can be considered a more intelystwlonized system than the plant and
timber production system.

There is another more practical reason why cukygiiants are regarded as natural stocks.
Treating plants as parts of the national economyldvoreate the necessity to account for
water, CQ, and plant nutrients as the primary inputs fromehvironment. Effectively, this
would mean that the system boundary between anatzonomy and its environment
would have to be drawn at the inorganic level @lant nutrients, C@and water).
Statisticians would be forced to convert ratheusitand valid data on annual agricultural and
timber harvest to comparably weak estimates optimary inputs needed to produce these
plants. Moreover, all differentiation between diéfet types of crops would be lost, as well as
the conceptual link to the system of national aot®ult is hard to imagine how such data
could possibly be interpreted in a meaningful wgiyen the limitations of a black box
accounting system such as MFA.

The degree of control over material stocks may ghayver time. Cases in point are shifts
from uncontrolled to controlled landfills and theereasing importance of fish production
through aquaculture as opposed to fish catch iontnalled settings. If data are available
aquaculture systems should be treated as socimeuostocks. In this case not the fish
production but the nutrients and other inputs aé agethe outputs in terms of wastes would
have to be taken into account. In general, we asghat both inputs and outputs of
aquaculture systems are already accounted forrredtic extraction (DE), domestic
processed output (DPO) and trade flows (for defing see below). Regarding waste flows it
has been agreed upon, that only waste going tontratied landfills should be accounted for
in MFA.

The material balance principle

As MFA accounts for materials entering and lea\argystem, the mass balance principle
applies. Based on tlmwnservation of mass principlet states that matter can neither be

created nor destroyed. Although this principleas umiversally true (as nuclear reactions are
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able to transform mass into energy) it is a swhty appropriate formulation for the material
exchange relations of macro systems.

The mass balance principle can be formulated as:

input = output + stock increases — releases fromatk

All material inputs into a system over a certamdiperiod equal all outputs over the same
period plus the stock increases minus the reldas@sstock. In principle net stock changes
can be positive, indicating net accumulation, ayateve, indicating stock depletion.

In MFA, the mass balance principle is used to chbekonsistencyof the accounts, see
Table H of the EW-MFA questionnaire. It also prasdne possibility to estimate the net
additions to stock (NAS). It has to be noted, tHgubat the compilation of a full national
material balance is not inevitably the outcomero€aonomy-wide material flow account.

Often partial accounts are compiled, mostly focggin the input side and trade flows.

Typology of flows

The MFA framework distinguishes between differaaterial flows categories This chapter
summarises and completes the description of thergkmaterial flow categories and
introduces the reader to the relevant terminol@aged on this, we will describe the structure
of the economy-wide material flow accounting quastiaire, abbreviated as EW-MFA

guestionnaire in the following document.

Figure 2: Schematic representation of economy-wide MFA

Input /Ouh

bal. bal.

] items items
v q
RME > Imports
- Socio-economic system > EXpOftS >
L
DPO
DE sossussnses .

Unused extr. : ;
Natural Environment
nused e
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Source: Mathews et al. 2000, modified

Figure 2 provides a schematic representation ofrtierial flow accounting framework and
its main flow categories. All flows that cross therder of the socio-economic system are
called direct flows. In Figure 2 these flows aréocoed in dark grey.

On theinput-side, we distinguish between domestic extraction (useaorts, and the input
balancing items comprised of those water and ahamges that must be taken into account
in order to complete the material balance. Orotliiput-side, we distinguish between
exports, "domestic processed output” (DPO), anduidialancing items. Finally, net
additions to stock refer to the consumption sides main material flow categories are
defined as follows:

Domestic Extraction - DE(see Table A of the EW-MFA questionnaire): Theraggte flow
DE covers the annual amount of solid, liquid anslegaus raw materials (except for water and
air) extracted from the natural environment to beduas material factor inputs in economic
processing. The term “used” refers to acquiringigakithin the economic system. These
materials consist of biomass, construction andstrthl minerals, gross ores, and fossil fuels.
Concerning the water content of the raw materthks convention is to account for all raw
materials in fresh weight, with the exception aigg harvest, fodder directly taken up by
ruminants, and timber harvest. These raw mateai@sccounted for with a standardised
water content of 15%.

Physical imports and physical exportgsee Tables B, C, D and E of the EW-MFA
questionnaire): This aggregate covers all impooteeixported commaodities in tonnes. Traded
commodities comprise of goods at all stages ofgssing from basic commaodities to highly
processed products.

Net Additions to Stock - NAS(see Table H of the EW-MFA questionnaire): NAS nueas

the ‘physical growth of the economy’, i.e. the qtigr(weight) of new construction materials
used in buildings and other infrastructure and afarials incorporated into new durable
goods such as cars, industrial machinery, and hold@ppliances. Materials are added to
the economy’s stock each year (gross additionspéhthaterials are removed from stock as
buildings are demolished and durable goods disposgeémovals). These decommissioned
materials, if not recycled, are accounted for ifDRet additions to stock are therefore not

calculated by balancing additions to stock andksttepletion (as the arrows in Figure 2
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would suggest) but as statistical balance betweaguts and outputs. To indicate this, only the
additions to stock arrow is coloured in dark greyigure 2.

Domestic processed output - DP@see Table F of the EW-MFA questionnaii@pPO
measures thtal weight of materials, extracted from the natural environment or
imported, that have been used in the national econorbgfore flowing to the

environment. These flows occur in the processing, manufacturing, use, and final
disposal stages of the production-consumption chain. Emissions to air, industrial and
household wastes deposited in uncontrolled landfills (whereas wastes deposited in
controlled landfills are regarded as an addition to the socio-economic stock), material
loads in wastewater and materials dispersed into the environment as a result of

product use (dissipative flows) are included in DPO. Recycled material flows in the
economy (e.g. of metals, paper, glass) are not included. An uncertain fraction of

some dissipative flows (manure, fertiliser) is ‘recycled’ by plant growth, but no

attempt is made to estimate this fraction and subtract it from DPO.

Input and Output balancing items(see Table G of the EW-MFA questionnaire): Although
bulk water and air flows are excluded from MFA, aer&l transformations during processing
may involve water and air exchanges which signifilgaaffect the mass balance. Balancing
items are estimations of these flows, which arepaot of DE, DPO or NAS, because they are
not included in the definition of these flows. Batang items mostly refer to the oxygen
demand of various combustion processes (both teghaind biological ones), the emissions
of CO, and water vapour from biological respiration, afavater vapour during the
combustion of fossil fuels containing water andftirer hydrogen compounds. Also flows of
considerable economic importance such as nitrogechws withdrawn from the atmosphere
to produce fertilizer in the Haber-Bosch procesgroundwater used in the production of
beverages are accounted for as balancing itentiseloompilation of these flows, only a few
quantitatively important processes are taken intmant and the flows are estimated using
generalized stoichiometric equations.

Having defined these material flow categories, we ©an write a national material balance
equation in MFA terms.

DE + Imports + Input Balancing Items = Exports + DRO + Output Balancing Items +
NAS

Unlike direct flows,unused extractionandindirect flows do not enter the focal socio-
economic system. Unused extraction comprises natéddhat are moved or extracted from
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the environment without the intention of using théinused extraction can be associated
with the domestic or foreign extraction of raw nietls when the latter is attributable to the
production of imported goods. Per definition, miaierextracted from the environment are
always raw materials. In contrast, imported ancbetgal materials are always products which
have already undergone a more or less intensiasftranation process before entering or
leaving the focal economy. Goods are traded irouarstages of processing and the upstream
material requirements of imports and exports cosepoth used extraction (= raw materials)
and unused extraction, together they are refeaed indirect flows. To denote the upstream
requirements of used extraction associated witlonspr exports the term "raw material
equivalents" (RME) was coined (Eurostat 2001, Wetsal. 2004).

Both the present version of the EW-MFA questiormaind this compilation guide cover the
direct flows only. Indirect flows and unused extrag are not included because the data

availability is poor and no sufficiently standaetismethods have been developed so far.

The Residence Principle

Like other environmental accounting systems (drgeraissions accounts (Eurostat 2009a))
MFA follows the residence principle in order to eresconsistency with national accounts.
Accordingly, EW-MFAs account for all material flovessociated with transactions attributed
to so called resident units. In the system of mati@ccounts (ESA 95), resident units are
defined as those units whose center of econonecdast is located on the national economic
territory. The nationaéconomic territoryencompasses the geographic territory without
extraterritorial enclaves and including territomaiclaves as well as air space, territorial
waters, deposits over which country has rights, etc

A center of economic interesst given if the unit is engaged in significant Bomic activities
on the economic territory for a year or more at ifolds ownership of land or buildings on
the economic territory.

For the most part, the sources of statistical datployed in MFA compilation are consistent
with the residence principle. In some cases, howelata adjustments are required. In
particular, this applies to fuel consumed in inédional transport (water, air, and road).
According to the residence principle, fuel thatamsumed by resident units abroad (e.g.
bunkering of aviation fuel by domestic airlinesR@W-economic territory) has to be

accounted for in EW-MFA, while vice versa fuel pided to non-resident units domestically
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has to be excluded. These flows, which can be wéiderable size in some countries, are
usually not captured by production or trade stagstnd have to be estimated. Other areas,
where standard statistical sources provide datéuligtconsistent with the residence

principle are tourism and activities in extrat@mial enclaves (such as embassies or
consulates). However, the related flows are ofragaratively small size in most cases and
statistical data or standardized estimation proeedare hardly available. For these reasons,
deviations from the residence principle other tfmrfuel use are currently not considered in
EW-MFA. The adjustments that are required in otdeansure consistency with the residence

principle are discussed in greater detail in tretige dealing with trade flows.

Data sources and quality of the accounts

Economy-wide materials flow accounts are meta-ctatipns of data from various official
statistics, most of which are regularly provided apdated by national statistical offices. DE
is mainly based on data from agricultural, foresfishery production, mining (including
geological surveys), and energy statistics. DP@asmly based on emission inventories
(including NAMEA) and waste statistics. Import agxport data are taken from foreign trade
statistics.

Basically, three types of data sources are usefuddmpiling MFAs. Data provided by the
national statistical offices of the country for whithe MFA is complied, international
databases (such as Eurostat - NewCronos, EurdStahext, FAO, IEA, UN - Industrial
Commodity Statistics, UN - Foreign Trade StatistldSGS, BGS, etc.) and third, data from
scientific reports, case studies, and other noregeal data compilations. Additionally,
"educated guesses" by experts may occasionallyotrto be the only means to complete the
accounts.

We recommend usingational statistical data sourcesas much as possible and relying on
national expertise for becoming acquainted withdata. As national statistical systems are
not fully harmonized within the EU, it makes setséake international data sources into
account as well - at least for crosschecking. Rekaon data for which only singular
references can be found (as for example one soagie study) should be restricted to an
absolute minimum.

Although we recommend using national databasesefee mainly to international databases

in this guide. Obviously introducing dozens of difint national statistical databases in one
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manual is impossible. A reference to internatiadabbases seems to provide the lowest
common denominator and it is for this reason they will be introduced in greater detail
here.

One particular important quality criterion for MR#\its consistency. This includes ensuring
that the following general requirements are met.

(1) Only those data must be included which compti the system boundary definition of
MFA.

(2) All data are measured in the same unit of ter{ne. metric tonnes). If data are reported in
units other than tonnes they must be convertedjugipropriate coefficients.

(3) The compilation must be free of double coumtss means that each relevant flow is
accounted for only once.

(4) The compilation must be comprehensive. Oftenelare relevant material flows for which
statistical sources provide no appropriate data.ddmpilation of an MFA therefore also
involves estimated missing data. As such estimataye a common source of
incomparability, we particularly emphasise the dipsion of possible estimation methods,
here. Whereas these estimation methods shouldder@eime guidance as to how to complete
data gaps, they are not intended to representesalution that works best. Different and
possibly more accurate estimation methods may pkealbased on national data and
national expertise.

(5) It must be ensured that the data are of sefiicguality. This is probably the most difficult
task. Judging the quality of statistical and ottheta requires profound knowledge and
sufficient experience in the respective fields. Btorer, the specific nature of the problems
typically varies across statistical data sourcesntries, and points in time. For these reasons
it is hardly possible to provide standardised méshio judge the quality of all data which are
relevant for MFA. Nonetheless, the following chapteepeatedly point out methods that we
suggest for the evaluation of some of the most comand quantitatively most severe data
guality problems.

The future value of economy-wide material flow agating will depend largely on its

internal consistency, its international compar#ahitnd its potential to reflect a large variety

of real world processes. These are at times cdnfijigoals.
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The MFA standard tables and the MFA questionnaire

The Standard Tables which are designed to fa@ldata organisation provide an important
tool in the process of MFA compilation. Eight tabl@ through H) and 5 annexes (0 through
4) form a file in .xIs format into which the colked MFA data can be entered according to
the type of aggregate to which they belong. Thabkes and especially the annexes provide
valuable information on the individual items toibeluded in an MFA, including their
assigned codes in different systems of notatioe. Standard Tables have a hierarchical
structure and differentiate between four leveldethil. Eurostat publishes the data on the 2
digit level which comprises of 11 material groupsdomestic extraction and 18 material
groups for imports and exports.

Data ondomestic extraction(DE) of biomass, metal ores, non-metallic mineraisl of
petroleum resources (fossil energy carriers) mesriiered int@able A. The individual

items which make up each of these kinds of domestiaction are listed under the
respective heading. DE of biomass, for examplesists of primary crops (A. 1.1), of used
crop residues, fodder crops and grazed biomass2)Awood (A.1.3) and of the biomass
extracted through fish capture (A.1.4) and hunéing gathering (A.1.5).

Tables B through E are designed for the organisatiaata ortrade flows (imports and
exports). In Table B (imports) andrable D (exports) data on total trade flows are requested.
In the case of EU member states this is the suimtraf and extra EU trade flows.

Additionally, in Table C (imports extra-EU27) an@lable E data (exports extra-EU27) data
on extra-EU27 trade are requested. This is onljyigape to EU member states and refers to
the trade volume which occurs with non EU27 mensitetes. All trade data is organised into
similar categories as the data on domestic extnactihe major difference being that the items
traded comprise not only primary but also processaterial. The latter may consist of either
biomass, metal ores and concentrates, non matahierals, fossil energy carriers, or waste
imported for final treatment or disposal. Prodweksch cannot be clearly identified as
belonging to one of these four categories shoulsh¢leded under “other products”. The
procedure for determining where a given trade fihvuld be entered is described in annex 1,
3 and 4 of the MFA questionnaire for different gadassification systems (CPA, SITC and
HSCN).

% In Eurostats COMEXT database different terminolsgiave been used: Intra EU15 trade flows have teeeted arrivals
(imports) and dispatches (exports). As a new fes@MEXT now also provides extra-EU27 trade fonadimber states
from 1999 onward (domain EU27 since 1999).
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Data on discharges into the environment are orgdnisTable F asdomestic processed
output and may consist in emissions to air (F.1.) or wéie3.), in landfilled waste (F.2.) or
in discharges that result from the dissipativeafsgroducts (F.4.) as would be the case in the
application of fertilizer, for example. Additiong)ldata on dissipative losses (F.5.) are
entered into this table.

Finally, balancing itemsare represented ifable G. These data are organised according to
whether they comprise those gases required omghe side (G.1.) to balance an output
which is already accounted for or gases which rhastonsidered on the output side (G.2.) to
balance a given input.

All of the data collected and organised in Tableth®wugh G can then be aggregated
permitting for the derivation ahdicators in Table H. Based on known volumes of domestic
extraction (H.1.), imports (H.2.), and exports (hi.&e direct material input (H.4.), domestic
material consumption (H.5.), and the physical tradlkance (H.6.) can be calculated. By
additionally considering domestic processed oudul.) and balancing items (Table G), net
additions to stock (H.8.) may be determined.

In order to facilitate the proper organisation afadfrom different sources within one
harmonious system, the annexes to the standaektpldvide information on the
correspondence between the various statisticalscosked to designate relevant items. In
Annex Othenew structure of Tables A to Eis shown in correspondence with the structure
of the Tables of the 2007 questionnafkanex 1 shows theClassification of Products by
Activity (CPA 2002 and 2008) in it's correspondence to dgssimextraction and trade flows
and the correspondence wRRODCOM 2007 (only for domestic extraction of metal ores
and non metallic minerals) alRRODCOM 2008 correspondence for domestic extraction
and trade flow. Domestic extraction of biomass ralap be labelled witkAO codes; the
according correspondence is providedimex 2 In Annex 3and4, the trade flows which
are entered into Tables B through E are presentedrrespondence with ti&tandard
International Trade Classification (SITC) rev. 3 codes and rev. 4 codes (Annex 3)thad

European Union’€ombined Nomenclature(HSCN) (Annex 4).
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Table A: Domestic Extraction

A.1 Biomass

Table 1: Domestic extraction of biomass (refers to

guestionnaire)

Table A.1. of the MFA

1 digit 2 digit 3 digit

4 digit

A.1 Biomass

A.1.1 Primary crops

A.1.1.1 Cereals

Al112

Al113

Al1l4

Al115

Al116

Al.1.7

Al1.18

Al119

A.1.1.10

Roots, tubers
Sugar crops
Pulses

Nuts

Oil bearing crops
Vegetables
Fruits

Fibres

Other crops (Spices

Stimulant crops, Tobacco, Rubber and

other crops)

A.1.2 Crop residues, Al.2.1

fodder crops and grazed

Crop residues (used)

biomass
A1.2.1.1 Straw
A.1.2.1.2 Other crop residues
(sugar and fodder beet leaves,
other)
A.1.2.2 Fodder crops and grazed
biomass
A.1.2.2.1 Fodder crops
A.1.2.2.2 Grazed biomass
A.1.3 Wood
A.1.3.1 Timber (Industrial
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1 digit 2 digit 3 digit 4 digit

roundwood)

A.1.3.2 Wood fuel and other

extraction

A.1.4 Fish capture and A.1.4.1 Fish capture
other aquatic animals and

plants

A.1.4.2 All other aquatic animals
and plants

A.1.5 Hunting and
gathering

Introduction

Biomass comprises organic non-fossil material ofdgical origin. According to MFA
conventions, domestic extraction (DE) of biomasduides all biomass of vegetable origin
extracted by humans and their livestock, fish captand the biomass of hunted animals.
Biomass of livestock and livestock products (e.dknmeat, eggs, hides) are not accounted
for as domestic extraction (see below).

Biomass accounts for 25% of total DE in the Europdaion (EU-27 in 2005, Eurostat
2009b). Values of per capita biomass harvest injggiaverage at 3 t and range between 1
and 11 t. Typically, the share of primary cropsatél harvest amounts to 30-40%, crop
residues 10-20%, fodder crops and grazed biomad9%() and wood 10-25%. Fishing and
hunting and gathering are of minor quantitative am@nce in most cases. The actual
guantitative and qualitative structure of biomaas/ast may vary significantly depending on
the regional characteristics of the land use syskemeneral, DE of biomass is highest in
countries with low population densities or highelstock numbers per capita.

DE of biomass includes a number of raw materialElvtiffer significantly in terms of their
technical, economical, and environmental propertidsch are reflected in the 2 to 4 digit
structure of the MFA questionnaire (see Table A.1.)

Economic value: The economic value of biomass raufigen very low (less than 10€/t, e.g.,
crop residues) to medium high (e.qg., spices, samig| fish catch); the vast majority of
extracted biomass is comprised of bulk raw matemath low value (10-100€/t, e.g., cereals,

roundwood).
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Socio-economic use: Biomass provides raw mateioalthe food system, but also energy
carriers and industrial raw material for a widegaif processes and products (e.qg., fibres,
chemical compounds, construction material, indaktaw material).

Environment: The extraction of biomass materials loa related to specific land use and land
cover types (cropland, grassland, and woodlandeandonmental pressures (deforestation,

soil erosion, ground water pollution, biodiverdibgs, over-fishing).

Data sources

Statistical reporting of biomass extraction hasrayltradition. Most fractions of biomass
harvest are reported by national statistical offig@ national offices concerned with
agriculture and forestry) in their series of agitietal, forestry, and fishery statistics.
Additional information useful for biomass accountay be provided by national food, feed,
and wood balances. The accounting frameworks alteestablished and show a high degree
of international standardisation and accuracy. Bational and international data sources
generally cover the harvest of all types of primengps (1.1) and wood (1.4), and biomass
extraction by fishing and hunting activities (1ridal.6). In some cases crop residues (1.2.1)
and harvested fodder crops and biomass harvestedgrassliand (1.2.2.1) are reported in
statistical accounts as well, but grazed biomassZR) is usually not estimated by official
statistics. For these items, which usually areosistderable quantitative significance, this
guide provides standard estimation procedures.

NewCronos, the statistical database of Eurostagrsoagricultural production (95 items),
forestry (6 items), and fish catch for the EuropEaimon member states and a number of
additional countries. However, the completenedb®fdata varies considerably across
countries and years.

The most consistent international source of dathiomass extraction is the statistical
database provided by the United Nations Food amitdgural Organization. The FAO
database covers a huge range of data concernimglage, forestry, and fishery, and the
food system on the level of nation states in tierges since 1961. The structure of the EW-
MFA questionnaire is compatible with the data pdexd by the FAO (see Annex 2 of the
EW-MFA questionnaire for a detailed correspondeabée).

In discussing the aggregation and estimation praresd the guide follows the two and three

digit level of the MFA questionnaire.

Conventions
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Terminology and classification: The terminology and classification of biomass gesnd
aggregates used in this guide by and large foll@wérminology used by the FAO and may
differ from the terminology used in national stats.

Moisture content: A characteristic feature of all types of biomasgs considerable moisture
content (mc), which may account for more than 96%e case of fresh living plant biomass.
However, the moister content is very variable asqdant parts and species and vegetation
periods. In many cases, biomass is harvested amlosture content (e.g., cereals) or dried
during the harvesting process (e.g., hay makimgacktordance with agricultural statistics,
biomass is accounted for at its “as is weight’hattime of harvest. Few crops may be
harvested at different water contents (fresh wei@bt95% mc) or air dry (15% mc)); in these
cases, moisture content has to be standardiseddaggdo MFA conventions. This applies
only for the categories A.1.2.2.1 fodder crops Arid2.2.2 grazed biomass.

Primary harvest and crop-residues:In many cases, primary harvest is only a fractibn

total plant biomass. However, the remaining crapeige or a certain fraction of it may be
subject to further socio-economic use and is adeablfor in MFA. The most prominent
example for this is (cereal)straw, which may eithemused as bedding material for livestock,
feed stuff, for energy generation or as raw maktéciap residues which are ploughed into the
field or burnt are not accounted for as DE). Ths® applies to wood harvest, where fellings
and removals are distinguished.

Livestock: According to MFA system boundaries and converstitimestock is considered an
element of the physical compartment of the socmemic system. Consequently, all direct
biomass uptake by livestock is accounted for asedtimextraction, whereas livestock and
livestock products are considered secondary preduad not accounted for as domestic
extraction. Exceptions are hunted animals anddagiture, which are considered an
extraction from the natural environment and, thenesfare accounted for as DE. Biomass
uptake by livestock consists of market feed (cardabd processing residues, etc.), fodder
crops (fodder beets, leguminous fodder crops,,&@p residues used as feed (straw, beet
leaves, etc.), and grazed biomass. Domestic exinaot market feed is included in the
extraction of primary crops (item A.1.1), crop deses used for feed in item A.1.2.1 and

fodder crops, grassland harvest and grazed biomatesn A.1.2.2.
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Data compilation

A 1.1 Primary crops

Harvest of primary crops is comprised of primaryieat of all crops from arable land and
permanent cultures. This includes major staple$doam crop- and garden land such as
cereals, roots and tubers, pulses, vegetableslhasnammercial feed crops, industrial crops
and all fruits and nuts from permanent cultures FAQO’s crop production database
distinguishes roughly 160 different types of prignarops (including fruits and nuts from
permanent cultures). In most countries, the numdiegpsimary crops will be much smaller;
for European countries, it typically ranges betwaérand 50.

Data on the extraction of primary crops are progiolegood quality by national and
international statistical sources and can be usedtty for MFA compilation without further
processing. With respect to aggregation of thedwtrof individual crops to the 3 digit level

of the standard tables, we follow the classifiaascheme suggested by the FAO which is
also compatible with CPC classification. The tahléhe Annex 2 of the EW-MFA
guestionnaire lists all common crop types accortinidpe 3 digit level of the standard tables
(A.1.1.1to A.1.1.10). Crops not identified in thist, but reported by national statistics should
be classified with regard to the 3 digit levelibthis is not possible, subsumed under

A.1.1.10 (other crops) (e.g. flowers or nurserydouas).

A 1.2 Crop residues, fodder crops and grazed biomas s

Under category A 1.2 a number of biomass flowsanfstderable mass but low economic
value are subsumed. In many countries, these ffwe/enly poorly covered by statistical

sources and have to be estimated.

A 1.2.1 Crop residues (used)

In most cases, primary crop harvest is only a iibacbf total plant biomass of the respective
cultivar. The residual biomass, such as straw dgastover etc., often is subject to further
economic use. A large fraction of crop residuassed as bedding material in livestock
husbandry but crop residues may also be used dsféeeenergy production or as industrial
raw material. The used fraction of crop residueacsounted for as DE. In many countries
this is a considerable flow which may account f0+2D% of total biomass DE. Residues
which are left in the field and ploughed into tlod sr burned in the field are not accounted
for as DE.

MFA accounts distinguish between two types of aregidues:
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A.1.2.1.1 Straw of cereals: all harvested straweséals including maize

A.1.2.1.2 All other crop-residues: For most Eurapeauntries this will refer to tops and
leaves of sugar beets and only occasionally taluesi from other crops (e.g. sugar cane, etc.).
In some cases, all or some harvested crop-resateesccounted for in national agricultural
statistics. However, neither FAOSTAT nor NewCronggort any data on harvested crop-
residues. In case national statistics provide datthe used fraction of crop-residues, these
can directly be used for MFA compilation withoutther processing. For most countries,
however, crop-residues and the assigned fractiirhawe to be estimated:

Step 1: Identification of crops which provide rasd for further socio-economic use. In most
cases this will include all types of cereals (A.1)1sugar crops (A.1.1.3) and oil bearing
crops (A.1.1.6), only in exceptional cases willatkhrops have to be considered.

Step 2: Estimation of available crop residues waevést factors

The procedure to estimate the amount of crop residwailable is based on assumptions on
the relation between primary harvest and residfispecific crops. In agronomics, different
measures for this relation are used: the most premtiare the harvest index, which denotes
the share of primary crop harvest of total abovegdoplant biomass, and the grain to straw
ratio. This relation is typical for each cultiviigwever, subject to breeding efforts and
therefore variable over time. Based on this, weaaculate a harvest factor, which allows for
the extrapolation of total residue biomass fronmaiiy crop harvest (typical harvest factors,
which can be used in absence of national informagaee provided in Table 2):

(1) Available crop residues [t (as is weight)] rnpary crop harvest [t (as is weight)] *
harvest factor

Table 2: Standard values for harvest factors and re  covery rates for the most common

crop residues used in Europe.

Harvest Recovery

factor rate
Wheat 1 0.7
Barley 1.2 0.7
Oats 1.2 0.7
Rye 1.2 0.7
Maize 1.2 0.9
Rice 1.2 0.7
All other cereals 1.2 0.7
Rape seed 1.9 0.7
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Harvest Recovery

factor rate
Soy bean 1.2 0.7
Sugar beet 0.7 0.9
Sugar cane 0.5 0.9

Source: Wirsenius 2000

Step 3: Estimation of fraction of used residues

In most cases, only a certain fraction of the tpt@bailable crop-residue will be harvested
and subject to further use. The actual fractioresfdues used (recovery rate) can be
estimated based on expert knowledge or specifaietubut it should be noted that it may
vary considerably between regions, countries, ared tme. In cases in which no information
on the country-specific share of used residuesagable, recovery rates provided in Table 2
can be applied for European countries

(2) Used crop-residues [t (as is weight)] = avddatyop-residues [t (as is weight)] * recovery
rate

A.1.2.2. Fodder crops and grazed biomass

This category subsumes different types of rouglagjading fodder crops, biomass

harvested from grassland and biomass directly grhydivestock. Coverage of these large
flows in statistics is usually poor. The most impot types of fodder crops may be reported
in harvest statistics (e.g. maize for silage, lemoms fodder crops, hay) and for some
countries national feed balances exist from whata@n biomass harvested from grassland
and grazed biomass can be derived. In case nbleetiata for both fodder crops (A 1.2.2.1)
and grazed biomass (A 1.2.2.2) exist, formula $8e(section A 1.2.2.2 below) can be used to
estimate the total amount of biomass subsumed wade2.2. In this case, the calculated total
requirement for roughage is assumed to be equhkttotal amount of harvested fodder crops

and grazed biomass (A 1.2.2).

A.1.2.2.1 Fodder crops (incl. harvest from grass$jan

This category includes all types of fodder cropguding maize for silage, grass type and
leguminous fodder crops (clover, alfalfa etc.),dedbeets and also mown grass harvested
from meadows for silage or hay production. All coernial feed crops such as barley, maize,
soy bean etc. which may also be used for food mtomiuor as industrial raw material are not
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included in this category. In most cases, foddepstare reported by national agricultural
statistics. In some cases, standardisation of mmeistontent is required:

Step 1: Fodder crops which require a standardisationoisture content must be identified:
All grass type fodder crops and biomass harvestaed fneadows (FAO codes 638-643 and
857-859, see Annex 2 of the EW-MFA questionnaieg) loe harvested and used either fresh
(i.e. with a high moisture content; for immediageding or silage production) or at air dry
weight (hay). According to MFA conventions, theseps are accounted for at air dry weight,
i.e., at a standardised moisture content of 15%as® no information on the moisture content
of the reported data on fodder crops is availabl®ugh check can be made by looking at
yields per area unit: The yield of fodder cropsiadry weight [t/ha] is typically in the range
of 2-3 times the yield of cereals (e.g., wheatamtdy). Fresh weight yields are significantly
higher and are 5-15 times the yield of cereals.

Step 2: The weight of fodder crops which are reggbih fresh weight (i.e., at a moisture
content of 80%) has to be reduced to a moistureeabvief 15% in the following manner:

(3) Factoge = (1-MGresn) / (1-MGirary) = 0,2 /0,85 = 0,235

(4) Air dry weight (at 15% mc) = fresh weight (&1%8 mc) * Factof.

A.1.2.2.2 Grazed biomass

According to MFA conventions, biomass grazed bgdiock is accounted for in material
flow accounts. This type of biomass extractionasneported in standard agricultural
statistics. In some cases, information on grazrayailable from national feed balances or
from agricultural experts. These data can be useMFA accounts, eventually quantities
given in other units (e.g. dry weight or speciged units) have to be converted to air dry
weight (15% mc) with the support of expert knowledy by using formula (4).

Two types of estimation procedures for the extoactf grazed biomass are suggested here,
ideally they are both combined to crosscheck thelts

Method A: Demand-driven feed balance to identifsgzyung gap.

Based on typical roughage requirements of ruminamtisother grazing animals and
information on livestock numbers, the demand fazgd biomass can be estimated. Daily
biomass intake by grazing depends on the live weaifjithe animal, animal productivity (e.qg.,
weight gain, milk yield), and the feeding systeng(eshare of concentrate) and may vary
considerably within one species. This method igtas European average values and allows
a rough estimation of biomass uptake by grazingojg@an average factors for roughage

uptake by livestock species are provided in TablEh® values are given in air dry weight
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(i.e. at a moisture content of 15%) and take imtastderation that the share of market feed in

feed ratios ranges between 5 and 20% (dry mattes, average across all species).

Table 3: Typical roughage intake by grazing animals

in Europe

Daily intake (range)
[kg/head and day]

Annual intake
(range)[t/head and year]

Annual intake

(average)[t/head and

year]
Cattle (and buffalo) 10-15 3.6-5.5 45
Sheep and goats 1-2 0.35-0.7 0.5
Horses 8-12 2.9-44 3.7
Mules and asses 5-7 1.8-2.6 2.2

Sources: The values are typical for industrialised livestock production systems and derived from
national feed balances and literature (Wirsenius 2000; Hohenecker 1981; Wheeler et al. 1981; BMVEL
2001).

(5) Roughage requirement = livestock [number] *w@adrfeed intake [t per head and year]
Roughage uptake may be covered from grass typefaudps, hay or silage or from grazing.
To estimate biomass uptake by grazing, total rogghgtake has to be reduced by the
amount of available fodder crops and biomass hafv@s grassland (item A.1.3.1).

(6) Demand for grazed biomass = roughage requirefhah15% mc] — fodder crops [t at
15% mc].

Method B: Supply estimate via grazed area and indébion on area yield.

In many cases, statistical offices provide datéhenextent of grazing land (often
differentiated by quality or intensity) in theirragultural or land use statistics. Based on
information on the extent of pastures and typicaaayields, the potentially available biomass
for grazing can be calculated, assuming an optimtiization of pasture resources. Country
or region specific area yields of pastures andekmgls can be estimated based on expert
knowledge and literature data. Table 4 providesrmftion on typical grazing yields for
different quality types of pastures in Central Eaggbased on data for Austria).

(7) Grazing potential [t at 15% mc] = pasture dheg * pasture yield [t at 15% mc / ha]
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Table 4: Typical area yield of permanent pastures

Yield range Average vyield

[t at 15%mc / ha] [t at 15%mc / ha]
Rough grazing, alpine pasture <1 0.5
Extensive pasture 1-5 2.5
Improved pasture 5-10 7.0

Source: The values are derived from data for Austrian grassland systems given in Buchgraber et al.

(1994) and can be assumed typical for Central Europe.

Crosschecking the results from method A and B: ddleulated demand for grazed biomass
should be lower or equal to the calculated potéatipply of grazable biomass. If this is not
the case, two aspects should be considered, whagh aifter expert consultation, lead to an
adaptation of the estimates:

a) the yield factors have been estimated too low

b) the daily intake factors of livestock have bassumed too high.

Other reasons may be an exceptionally high shameadket feed and feed concentrate in feed
ratios, overgrazing of pasture resources or sicgnii grazing on areas other than those
reported as pasture in land use statistics (woddlamaste lands etc.).

If no revisions are plausible or possible, the Ioafthe two estimates should be considered.

A.1.3 Wood

This category comprises of timber or industrialmdwood (A.1.3.1) and fuel wood (A.1.3.2).
It includes wood harvest from forests and also fedrort rotation plantations or wood from
agricultural land.

Extraction of wood is reported in forestry statistwhich usually differentiate between
coniferous and non-coniferous wood. Wood from shatgtion plantations may also be
recorded in agricultural statistics, because stobation forests are considered cropland in
many countries. National wood balances, if avadabften provide more comprehensive
datasets, because they also include wood harvistachon-forested land.

Wood is usually reported in terms of volume ratihe@n weight. Units used are stacked (or
piled) cubic meters and solid cubic meters (scnme €tacked cubic meter is considered equal
0.70 solid cubic meters. For MFA accounts, voluneasures have to be converted into

weight measures using standard conversion factees gn Table 5.
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Table 5: Standard factors to convert quantities giv.  en in volume (scm) into weight (at

15% mc) for coniferous and non-coniferous wood.

Density [t DM / scm]* Density [t at 15% mc / scm]
Coniferous 0.44 0.52
Non-coniferous 0.58 0.68
EU25 average (80% coniferous) 0.47 0.55

*These factors refer to t DM per scm green volume. Source. Based on factors used in IPCC

greenhouse gas inventories (Penman et al. 2003).

Fellings vs. removals, bark:

Forestry statistics, especially forest inventorsgsnetimes distinguish between fellings and
removals. MFA considers only the biomass removenhfforests for further socio-economic
use, i.e. wood removals. All biomass not removedr(bhes, root-stock, etc.), i.e. fellings
minus removals, is not accounted for in MFA. Thigetlentiation has to be considered.
Special care must be taken concerning the issbar&f which accounts for approximately
10% of stem wood weight. Wood removals are usualhprted in scm under bark (i.e.
without bark), although wood is removed includiragbband a significant fraction of the bark
is subject to further socio-economic use (e.g.rgnproduction). In order to correct wood
removals reported under bark for bark, we use &nsion factor derived from typical values
for the bark fraction of stem wood:

(8) wood removals incl. bark [t at 15% mc] = woednovals under bark [t at 15% mc] * 1.1

Memorandum item M1: Net annual wood increment:

According to the system of national accounts (ESA@owing trees are included in national
accounts and are treated as inventories of “wogkagress”. In order to allow for
consistency between Material Flow Accounts anddyatli Accounts, Eurostat’'s MFA Task
Force has decided, that net increment of timbeulshize reported under memorandum item
M1, however not subsumed under category A 1.3 Whietlannual wood increment signifies
average annual volume of gross increment lesothatural losses on all trees to a minimum
diameter of 0 cm breast height. Data on net amwoal increment can be found in national
forest inventories or from the database of the pe@n Forest Institute

(http://www.efi.int/portal/virtual_library/databagdgsData reported in volume [m?3] should be

converted into mass [t at 15% moisture contentlising the factors provided in Table 5.
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A.1.4 Fish capture and other aquatic animals/plants

Fish capture and extraction of other aquatic arsraabl plants is reported in national fishery
statistics and by FAO fishery statistics (FISHSTATip://www.fao.org/fi/default.agp Fish

and seafood production from aquaculture is notidened domestic extraction but a
secondary product of the livestock sector (seemetindamentals). Therefore, only fish
capture (including recreational fishing) and otaeimals and plants extracted from
unmanaged fresh and seawater systems should b#eckpader item 1.4 in Table A of the
EW-MFA questionnaire. In accordance with the resageprinciple, all landings of national

vessels should be included, regardless of the gpbgr location of landings.

A.1.5 Hunting and gathering

This type of extraction is quantitatively of mirgignificance and is only accounted for if data
are available in national statistics. A converdiam pieces or other physical units into

tonnes might be necessary.

Specific issues related to DE of biomass

Biomass production from subsistence agriculture antiome gardening:According to

MFA system boundaries, biomass harvest from sudrgistagriculture and home gardening is
regarded as domestic extraction of biomass. Instrdlized countries, these flows usually
are of minor economic and physical significance aswailly not included in agricultural
statistics. Currently, for European countries, €leable data and estimation procedures to
guantify these flows exist and they are not considléen MFA accounts for practical reasons.
Biomass waste from management of parks, infrastrucire areas, gardens etcA

significant amount of biomass is generated as prbgiuct of management of home gardens,
infrastructure areas, public parks, and sportdifi@si etc. A certain fraction of this biomass
flow, which comprises mown grass, woody biomassidrees from pruning and foliage etc.,
may be subject to further socio-economic use,fergenergy generation or the production of
compost or it may appear in waste statistics. Adiogrto MFA system boundaries, these
fractions are regarded as domestic extractionahbss (domestic processed output,
respectively). However, due to lack of reliableadahd estimation procedures they are
currently not accounted for. Recently, this biomféms has received increasing attention in
the context of strategies for sustainable resouseeand might be included at a later stage of

MFA method development.
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Biomass harvest from set-aside agricultural landAn increasing amount of agricultural

land in the European Union is set-aside. In masggathis land, however, does not remain
uncultivated but is used for the production of reakle resources, such as oil crops or short
rotation forests etc. Usually, the biomass frons¢éhareas will be considered in national
agricultural statistics, in some cases it mightdmorded in separate statistical accounts or
sources. In any case, it has to be accounted fdomgstic extraction and subsumed under the

respective item (e.g. under A.1.1.6 oil bearingosror A.1.3.2 wood fuel).
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A.2 and A.3: Metal ores and non metallic minerals

Table 6: Domestic extraction of metal ores (refers to Table A.2 of the MFA

guestionnaire)

1 digit 2 digit 3 digit

A.2 Metal ores (gross
ores)

A.2.1 Iron ores

A.2.2 Non-ferrous metal ores
A.2.2.1 Copper ores - gross ore
M.2.2.1 Copper ores - metal content
A.2.2.2 Nickel ores - gross ore
M.2.2.2 Nickel ores - metal content
A.2.2.3 Lead ores - gross ore
M.2.2.3 Lead ores - metal content
A.2.2.4 Zinc ores - gross ore
M.2.2.4 Zinc ores - metal content
A.2.2.5 Tin ores - gross ore
M.2.2.5 Tin ores - metal content

A.2.2.6 Gold, silver, platinum and other precioutal ores -

gross ore

M.2.2.6 Gold, silver, platinum and other precioustal ores -

metal content

A.2.2.7 Bauxite and other aluminium ores - grss
M.2.2.7 Bauxite and other aluminium ores - metaltent
A.2.2.8 Uranium and thorium ores - gross ore
M.2.2.8 Uranium and thorium ores - metal cohten
A.2.2.9 Other metal ores - gross ore

M.2.2.9 Other metal ores - metal content
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Table 7: Domestic extraction of non-metallic minera  Is (refers to Table A.3 of the MFA

guestionnaire)

1 digit 2 digit 3 digit

A.3 Non-metallic

minerals

A.3.1 Non metallic minerals —
stone and industrial use

A.3.1.1 Ornamental or building stone

A.3.1.2 Chalk and dolomite

A3.1.3 Slate

A.3.1.4 Chemical and fertilizer minerals

A.3.1.5 Salt

A.3.1.6 Other mining and quarrying productsa.e

A.3.2 Non metallic minerals —
bulk minerals used primarily for

construction
A.3.2.1 Limestone and gypsum
A.3.2.2 Gravel and sand
A.3.2.3 Clays and kaolin

A.3.2.4 Excavated soil, only if used (e.g donstruction work)

Introduction

Metal ores and non metallic minerals are the twgmgroups of minerals that are
distinguished at the 1 digit level of the MFA cl@isation. All minerals together accounted
for about 61% of total DE in the EU-27 in 2005 (&stat 2009b), to which metal ores
contribute only a small share of around 3%. Stibeparate representation of metals at the 1
digit level is justified due to their outstandingagegic importance for the industrial
metabolism and their comparatively high economioea

It should be noted that the classification of maiepresented in Tables A.2 and A.3 of the
EW-MFA questionnaire does not explicitly distinguisetween non-metallic industrial
minerals and construction minerals, a distinctiwat has been applied widely in material flow
studies. The reason is that this distinction nexes unambiguously and properly defined, as
the same mineral often can be used for both indilisind construction purposes. For a rough
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indication of the magnitude of DE of constructiomerals, the sum of A.3.1.1, A 3.1.2 and
A.3.2 can be taken. At the detailed level of datapilation, as described below, a more
accurate distinction is also possible.

It is important to keep in mind that the categadprhestic extraction of minerals” does not
include the extraction of gases from the atmospfoeredustrial purposes, such as the
extraction of nitrogen in the Haber-Bosch procé@$éese flows, if quantitatively important,
are accounted for as balancing items (see the ehapttable G).

Per capita minerals extraction in Europe averag@&dla and ranged typically between 4 and
24 tin 2005. Non metallic minerals for construntiwy far dominate domestic extraction of
minerals (e.g. 94% for the EU-15 in 2000). The &stipn of industrial minerals and metal
ores is of minor quantitative importance in Euragéhough it should be stressed that the
variation between countries is substantial (Weisa.€2006).

DE of minerals includes a number of raw materiatscv differ significantly in terms of their
technical, economical and environmental properties:

Economic value: The economic value of minerals earfgom very low (less than 10€/t, e.g.
sand and gravel) to very high (e.g., precious nw&d and diamonds); the vast majority of
extracted minerals comprises of bulk raw matematk low value (< 100€/, e.g., washed
sand, mixed gravel, crushed stone).

Socio-economic use: Minerals provide raw matef@sonstructing buildings and
infrastructures, industrial raw materials for a &idnge of processes and products (e.g.,
inorganic chemicals, ceramics, salt for food), aretal ores for also a wide range of uses
(e.g. constructions, vehicles, machinery, househpfuiances).

Environment: The extraction of mineral materiala ba associated with a number of
environmental pressures depending on the kind néral and the location of the mining and

guarrying activities (ecosystems destruction, sgatif land, toxic waste emissions).

Data sources

Statistical reporting of minerals extraction hderay tradition with regards to statistics of the
mining industries. On the national level, these canly report with high reliability on
industrial minerals and metal ores, and shouldkert as the primary data source. However,
mining statistics often do not include (total) nwergbfor bulk minerals for construction like
sand and gravel or crushed stones. Additional mé&pion useful for getting comprehensive
data on domestic extraction of minerals may beigeavby industrial associations (e.g. for

the gravel and sand industry or natural stonessimgu These may provide figures covering
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the complete field of activities involved in minkraxtraction, for example also small scale
enterprises not considered by other statisticeasie statistics of industrial associations or
related data sources are used, it should be enthatthese report continuously on the same
items. In some cases, however, data for mineralediestruction will have to be estimated
(see below).

Apart from national mining statistics, useful dadametallic and industrial minerals may also

be obtained from international mining statisticichhare mainly:

* European Mineral Statistics, a product of the Wddideral Statistics, published
annually by the British Geological Survey (BGS)

http://www.bgs.ac.uk/mineralsuk/commodity/europefechtml

* Minerals Yearbook (Volume lll: Area Reports: Intational), by the U.S. Geological

Survey (USGShttp://minerals.usgs.gov/minerals/pubs/country/nlenl#pubs

* United Nations Industrial Commodity Production 8tats

http://unstats.un.org/unsd/industry/ics_intro.asp

* NewCronos, the statistical database of Eurostat.
http://epp.eurostat.ec.europa.eu/portal/page? ¢=at@96,45323734& dad=portal&
schema=PORTAL&screen=welcomeref&open=/data&langeag&product=EU_M
AIN_TREE&root=EU_MAIN_TREE&scrollto=0

The statistics compiled by tlBGS represent, so far as this is possible, the offaada for the
countries concerned. Mine production of most mataéxpressed in terms of metal content.
European countries for which data are reported csmphe EU-27 Member States, Croatia,
Turkey, Norway, and Switzerland. Metallic ores egported in great detail for 29
commodities. Annual data are currently availabletiie period 1997 to 2007. An advantage
of the BGS is that data are reported in two formats by country and by commaodity. This
facilitates data acquisition and comparison. A divsatage of BGS statistics is that data are
not available in digital form.

TheUSGSprovides comparable data on the country levelgioith detailed information on
the mineral industry within the studied countrypgrticular about the structure of the mineral
industry in terms of commodity, major operating @amies and major equity owners,
location of main facilities, and annual capacithisioften provides important detailed
information, especially for the metal contents andpled mining of ores. Time coverage of

the data accessible via the internet is usualinfi®90 to 2006, but only for most recent
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years (from 2002 on) in a format that directly altofor data processing (earlier publications
are available in PDF format only).

For longer backcast time series, thaited Nations Industrial Commodity Production
Statisticsprovide a valuable source of information (from Q@mward). The UN, however,
publishes updates roughly one or two years latar the USGS or BGS. For overlapping
long time periods up to the most recent year, caiipty between the different databases
has to be ensured by analysing and eventually tafjuhe different datasets.

NewCronos the statistical database of Eurostat includesedicextraction of minerals
under “Industry, trade and services”. In genetalpvers data for the 27 European Union
member states and a number of additional courddesrding to the European PRODCOM
system, which is largely identical with the CPAsd#dication system. However, the

completeness of the data varies considerably acmsgries and years.

Conventions

Terminology and classification:Mining statistics do not use the same terminology
classification internationally. UN statistics ube 1SIC Rev.2-based commodity codes,
Eurostat uses PRODCOM and CPA codes respectivadytree BGS and USGS do not refer
to standard statistical codes at all. Thereforeesoaution is required when working with

more than one data base to avoid either incompsarenr double accounting. The
terminology and classification of mineral items audjregates used in this guide by and large
follow the terminology used by CPA.

System boundariesMinerals mining involves the mobilisation of hugmounts of

materials. For the compilation of comparable data and indicators it is instrumental that the
same system boundary is applied. Table 8 givesarview of the terminology used in MFA

with regard to the different flows involved in tbgtraction of metals.

Table 8: Different system boundaries in metal minin g

Description of the material Common terminology MFAterminology

Materials removed to get access to | overburden, interburden unused extraction

reserve, i.e. metal containing ores

the metal containing material run of mine, gross orude ore used extraction

the pure metal net ore or metal content metal corapbof used extraction,

not specifically reported in the MFA in
the indicators, but reported in the MFA
guestionnaire
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Accounting for domestic used extraction of mineedigays refers to the run-of-mine
production. Run-of-mine production means that tdtaltamount of extracted crude mineral
that is submitted to the first processing stepisnted. Material extracted but not used as an
input for subsequent processing is termed unusetesiic extraction and is not accounted
here. Unused extraction may, for example, inclugrlourden removed and deposited or
interburden removed and filled.

Please noteTable A.2 of the MFA questionnaire requests thatamount of extracted metals
is reported in gross ore (i.e. run-of-mine). Aduitally metal content should be reported in the
corresponding memorandum items. Although EW-MFAocaitds for gross ore, both values
are required for crosschecking the reported datah&rmore, the information on the mass of
actual metal content is important for further asayf the MFA data. Only the run-of-mine
value is used to calculate Domestic Extraction aggtegated indicators!

Mining statistics may report the run-of-mine protloie, the mass of a concentrate, or the
metal content of the gross ore. In the latter tases, the run-of-mine production has to be
derived by calculating the mass of gross ore basdtie concentrate or metal content. It may
be the case that two or even more metals are @otéiom the same crude ore; this is called
coupled production. The respective accounting hoeeis explained below.

The run-of-mine concept concerns metals in padigudut principally holds true for all
minerals. For minerals other than metallic oremaly generally be assumed that the
difference between run-of-mine production and reggbproduction is not relevant.
Estimations: Bulk minerals for construction are often underresgnted in statistics. In these
cases it is necessary to estimate the actual asmotintaterial that has been extracted. This
refers mainly to sand and gravel, limestone, aagscfor construction. Respective estimation
procedures are described in detail in the sectimcerned with the specific material group.
Moisture content Minerals have specific moisture content thatssally not subject to high
variability. Therefore data for the extraction aherals are simply taken as they are reported.
Coupled production: Coupled production refers to the case that oeeip ore can contain
more than one metal of economic value. For exantgdel, is often associated with zinc, or tin
is often associated with copper in the same depafitle it is comparatively straight forward
to collect data for the mine production of spedaifietals, coupled production hampers the
unambiguous classification of gross ores accorthnigFA categories. The identification and
adequate treatment of coupled production is ag¢gduay the circumstance that the
composition of specific ores may differ betweenass within one national economy. For

example, at site A, an ore containing copper, laad,zinc may be mined, while at site B,

Compilation Guidelines for reporting to the 2009 Eurostat questionnaire - vO1 - June 2009 41



lead and zinc are mined together with gold. In ntases it will not be possible or too time-
consuming to quantify the portion of each metaledim a given form of coupled production.
Therefore, in the compilation of material flow aaats, it is advisable to determine which
form of mining is dominant for each metal, i.e.tthgoe of ore from which the major part of
the metal in question is mined. In case this tyjp@formation is not available from the
national statistical unit responsible for miningcan be obtained from the USGS country
reports. Holding the dominant form of mining truwe &ll mining of a particular metal is, of
course, a simplification, but usually unavoidable do data constraints.

In the section “run-of-mine calculation” we suggasieneral procedure to estimate the
amounts of gross ore for each of the metals frarglsimetal and coupled production.

Ore grade: The ore grade specifies the metal content of aifspgecoss ore. This information
is required to extrapolate the mass of gross o fmetal content. Ore grades are variable
across ores and mines, an overview of ore graddsfefent metals (metal content in % of
gross ore) in European countries is provided indab. For calculation purposes, ore grades
in decimal form should be used (% divided by 1B0¢ase noteStatistics sometimes report
the mass of metal concentrate rather than meta¢obrConcentrates have a higher metal
content than gross ores, but the metal contenvagnconsiderably depending on the nature
and composition of the concentrates; typical oezlgs of concentrates are provided in the
sections dealing with the specific metals.

Run-of-mine calculation: Run-of-mine or gross ore can be calculated on #séstof data on
metal extraction (in tonnes) and the country speeNerage ore grade. If coupled production
for a specific metal can be excluded (that is, @a$mgle metal is extracted from the given
ore), the following holds true:

(9) gross orelt] = metal content [t]
ore grade

If more than one metal is extracted from the samegore, care must be taken to ensure that
the same run-of-mine is not accounted for more trare. In the case that coupled production
has been identified for two or more metals, thofeing calculation procedure can be
applied.
Step 1:Calculation of the total gross ore: The amourgroks ore required to provide the
reported amounts of metals is calculated accorirggjuation (10):
(10) gmy, [ =" 1Y

tot

gMmet = Mass of total gross ore which contains metalsorm,

M ot = SUM(m to m,)
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The sum of all metal contentyrto m, (in tonnes) extracted in coupled production
corresponds to the total amount of metal containglde gross ore in question. The
data can be obtained from mining statistics or ifpeadlocation studies.

CMyt = SUM (Cm to cmy,)
The sum of all concentrations of the metals coet@wvithin the same ore grto cm,
corresponds to the total ore gradagriihe respective metal concentrations can be

obtained from statistics or literature.

Step 2:Allocation of gross ore to metals from coupleddurction: The total amount of gross
ore must be attributed to the metals mined in cadiproduction. This can be done in an
aliquot way, based on the fraction of the total gnrade which the respective metal represents.
For example, for metal mthe attributable fraction of total gross ore (yshould be

calculated as follows:

cm,
(cm, +cm, +...+cm,)

(11) gm, =

Because gmis the fraction of the total gross ore attribuéatd the extraction of metaljprthe
amount of gross ore associated with the extracfdhis metal can be obtained by
multiplying gm, with the total gross ore:

(12) gm [t] = gmiet [t] * gmy

In the MFA questionnaire, the values for metal eabtind gross ore (both in tonnes) are
reported separately (see section conventions).

The following example illustrates the calculatiomgedure. Table 9 represents the metal
output of a hypothetical economy. Since the dafaasided in terms of metal content, it is

necessary to calculate the associated gross ore.

Table 9: Coupled production, Metal output of hypoth

Metal Mine Output, Metal Ore Grade Coupled Eroduction
Content [t] with:
Copper 10 000 0.01 Tin
Iron 300 000 0.5 no coupled production
Lead 30 000 0.08 Zinc
Zinc 150 000 0.05 Lead
Tin 500 0.0002 Copper

etical economy

In the example given in Table 9 iron is the onlytahevhich is not mined in coupled
production (single metal ore). Copper occurs togeith one deposit with tin and lead together
with zinc, so that the procedure for coupled praidmccalculation must be followed.

a) Calculation of Single-Metal Gross Ore
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irongrossore [t] = % =600000t

b) Calculation of Coupled Production Ores

copper and tin gross ore [t] = 18 8(1)?_ E)Jro?)(())gt =1029412t

Of this result, 98% (=0.01/(0.01+0.0002)) are alted to copper and the remaining 2% are

allocated to tin.

lead and zinc gross ore [t] = 30000t +150000 ¢ =1384 615t
0.08 +0.05

Of this result, 62% (=0.08/(0.08+0.05)) must beedked to lead and 38% must be allocated

to zinc.

Following these steps, the following gross ore ltesare obtained:

Mine Output, Gross

Metal Ore [t]
Copper 1009 227
Iron 600 000
Lead 852 071
Zinc 532 544
Tin 20 185

Table 10 provides country-specific ore grades amuliwences of coupled production in
Europe. Coupled production is listed for the domtr@e which accounts for the majority of
extraction of a specific metal in a country. Tm&rmation is based on data from
international statistical sources. More preciserimiation both on ore grades and coupled
production may be available from national statetgsources and should be given preference

over the data provided here.

Table 10: Country-specific ore grades and occurrenc  es of coupled production

according to international statistical sources

Metal Ore Grade [%)] Coupled Production
Austria W — Tungsten 0.27 t0 0.31 -
Fe —Iron 32 with Mn (total gross ore reported

under iron ore)

Mn — Manganese 0.8 with Fe (total gross ore redorfe

under iron ore)

Bulgaria Cu — Copper 0.45 with Au, Ag

Ag — Silver 0.001 with Au, Cu
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Metal Ore Grade [%)] Coupled Production
Bulgaria Au - Gold 0.0004 with Ag, Cu
Pb — Lead 7 with Zn
Zn — Zinc 7 with Pb
Fe — Iron 27 to 33 mining ceased in 2005
Mn — Manganese 27 t0 30 no coupled production
Czech U — Uranium 0.48 to 0.52 no coupled production
Republic
Fe —Iron 30 mining ceased in 2002
Spain Ag — Silver 0.01169 with Au, Cu, Ge, Pb, Zn
Au - Gold 0.000576 with Ag, Cu, Ge, Pb, Zn
Cu — Copper 1.58 with Ag, Au, Ge, Pb, Zn
Ge — Germanium 0.005 with Ag, Au, Cu, Pb, Zn
Hg — Mercury 0.4 no coupled production
Pb - Lead 1.48 with Ag, Au, Cu, Ge, Zn
Sn—Tin 0.016 no coupled production
Sr — Strontium 43.88 no coupled production
Zn — Zinc 5.71 with Ag, Au, Cu, Ge, Pb
Finland Cr — Chromium 35 to 36 (&Ds) no coupled production
Cu — Copper 1.17 with Zn and with Ni
Au - Gold 0.00007 no coupled production
Ni — Nickel 0.22 with Cu
Zn — Zinc 0.49 with Cu
France Al — Aluminium reprocessed, gross weight
Au — Gold mine closed
Ag — Silver (probably with gold)
U — Uranium mine closed
Germany Fe —Iron 11to 14 no coupled production
Greece Ni — Nickel 0.8 with Fe
with Fe, Mn
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Metal Ore Grade [%] Coupled Production
Greece Zn — Zinc 9.0 with Pb, Au, Ag

Pb — Lead 8to 10 with Zn, Au, Ag

Au - Gold 0.00036 with Pb, Zn, Ag

Ag — Silver 0.02 with Pb, Zn, Au (also with bari

and bentonite)

Al — Aluminum 53 (alumina) no coupled production

Mn — Manganese 15t0 19 with Fe, Ni
Hungary Mn — Manganese 26 to 27 no coupled production
Ireland Pb - Lead 81to 15 with Zn, Ag

Zn —Zinc 13.6 with Pb, Ag

Ag — Silver 0.5 with Pb, Zn
Italy Au - Gold 0.00025 no coupled production

Mn — Manganese 35.0 no coupled production
Norway Co — Cobalt 1.38 no coupled production

Fe —Iron 32.6 no coupled production

Ti - Titanium 18.0 no coupled production

Ni — Nickel 0.5 no coupled production
Poland Pb — Lead 1.7 with Cu (33%) & Zn

Cu — Copper 18t01.9 with Pb, Ag, Au

Zn — Zinc 4.2 with Pb

Au - Gold 0.0001 by-product of copper

Ag — Silver with Cu (mainly), with Pb, Zn

(less)

Cd — Cadmium by-product of lead/zinc
Portugal Cu — Copper 6 with Sn, Zn

Sn—Tin with Cu, Zn

Zn — Zinc 8 with Sn, Cu

W — Tungsten 0.25 (W9 no coupled production

U — Uranium no coupled production
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Metal Ore Grade [%)] Coupled Production

Romania Cu — Copper 06to1l with Pb, Zn (partly)
Pb - Lead 04to1l with Zn, Cu (partly)
Zn — Zinc 0.6t01.2 with Pb, Cu (partly)
Au - Gold associated with Pb, Zn
Ag — Silver associated with Pb, Zn
Antimony associated with Pb, Zn
Bismuth associated with Pb, Zn
Cadmium associated with Pb, Zn
Mn — Manganese 16 to 25 no coupled production
Slovakia Au - Gold 0.00014 --
Cu — Copper 1 no coupled production
Fe — Iron 26.68 no coupled production
Sweden Cu — Copper 25 to 28 --
(concentrate) with Au
with Au, Pb, Zn
with Pb, Zn
Pb - Lead 5 with Zn
with Cu,Zn
with Cu, Au, Zn
with Cu, Au
Zn — Zinc 8 with Pb
with Pb, Cu
with Pb, Au, Cu
Au - Gold -
with Cu
with Cu, Pb, Zn
Ag — Silver probably with Au
United Pb — Lead 27 (concentrate) --
Kingdom

Source: according to USGS Minerals Yearbook, Volume III, Area reports: International.

Compilation Guidelines for reporting to the 2009 Eurostat questionnaire - vO1 - June 2009



Data compilation

A.2.1 Iron ores

The two main iron ores are hematite and limonitee&en is the only significant producer of
iron ore within the EU and the only net exporteooé. Iron ores are chiefly used to produce
steel in integrated steel plants; cast iron is @ompart of production. Data for the extraction
of iron ores are provided in good quality by naéiband international statistical sources and
generally refer to gross ore production which comimgontains around 25% to 35% Fe. Iron
ore concentrate contains around 64% Fe by weight.

A.2.2 Non-ferrous metal ores

A.2.2.1 Copper ores

There are several copper ores, but they all fédl iwo main categories: oxide ores and
sulphide ores. Azurite, malachite, and chrysocattaa few examples of oxide ores.
Chalcocite, bornite, idaite, covellite, and chalpiie are all examples of sulphide ores.
Currently, the most common source of copper otedagnineral chalcopyrite, which accounts
for about 50% of global copper production. Copgansed in the electrical, electronics,
transportation, and construction industries. Withia EU, Poland has the largest mine
production of copper, other relevant producersSaveden, Portugal, and Finland. Copper
ores mine production is usually reported in metaitent. Typical copper content in gross
ores is around 1%. Copper concentrates commonhkgaitobetween 20 and 40% copper by

weight.

A.2.2.2 Nickel ores

Two important nickel ores are the iron-nickel sudigs, pentlandite and pyrrhotite, the ore
garnierite is also commercially important. The magbortant use of nickel is in steel alloys,
it is further used in plating, both metals and ptas and combined with copper in cupro-
nickel alloys.

Within the EU, the only significant mine producémickel ores is Greece, smaller
production is reported for Finland. Nickel ores eproduction is usually reported in metal
content. Typical metal content in gross ores is1add0.5%. Nickel concentrates typically
contain 10% to 15% Ni by weight.
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A.2.2.3 Lead ores

The most common lead ore is galena, a sulphidegttier minerals of commercial

importance are cerussite, a carbonate and anglastdphate. Lead also occurs in various
uranium and thorium minerals, arising directly fromalioactive decay. Commercial lead ores
may contain as little as 3% lead, but a lead cdrdkabout 10% is most common. The ores
are concentrated to 40% by weight or greater leatenit before smelting. Lead is mainly
used in lead-acid batteries, but also widely irha&ecture, plumbing, solder, radiation
shielding, and insecticides. Within the EU, sigrafit mine producers of lead ores are Ireland,

Poland, and Sweden.

A.2.2.4 Zinc ores

Chief sources of zinc are zinc blende, a sulphrég@alled also sphalerite or “Black Jack”);
zincite, an oxide; calamine, a silicate; and snaitli®, the zinc carbonate. Zinc ores are
widely and abundantly distributed throughout theldiocChief use of zinc is for steel coating
(galvanising), but it is also used as zinc dieiogstand alloyed with copper to make brass
which is widely used in the electrical, engineeriagd construction industries. Within the
EU, significant mine producers of zinc ores aréald, Poland, and Sweden. Zinc ores mine
production is usually reported in metal contentt&fleontents in gross ores may be around
13% as in Ireland, but also significantly lowem&iconcentrates typically contain around
55% Zn by weight.

A.2.2.5 Tin ores

The most important tin-bearing mineral is casdgeilo high-grade deposits of this mineral
are known. The bulk of the world's tin ore is ob&al from low-grade alluvial deposits. The
chief use of tin is to coat metals that are moszeptible to corrosion, especially steel. It is
also widely used as an alloying agent (e.g. wistd leo make pewter) and its use in solders is
rapidly growing as it replaces lead. Tin chemi@alks used as fungicides and other biocides.
Within the EU, the only mine producer of tin orePiortugal, where tin is produced in minor
amounts along with copper from the same mine aecttbre treated as a by-product. Tin

concentrate from cassiterite typically contains/704 tin by weight.

A.2.2.6 Gold, silver, platinum and other precious m  etal ores

Gold: Native, or metallic, gold and various telluridenmiials are the only forms of gold found
on land. Native gold may occur in veins among raakd ores of other metals, especially
quartz or pyrite, or it may be scattered in samikgravel (alluvial gold). Gold is highly
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valued as an investment commaodity, in jewellery enspecialised electronic appliances.
Gold mining in the EU represented a very low sludriess than 1% of the world output in
2003. Sweden was the largest producer with abdd@® &9 gold content followed closely by
Spain. In Europe, gold mining is chiefly a by-protaf base metal mining, for which the
accounting procedure for coupled production is iggpln some cases, gold is however from
sole gold mines like in Finland, Italy and Slovakiad has to be accounted as gross ore.
Silver: The principal silver ores are argentite, ceratgyor horn silver, and several minerals
in which silver sulphide is combined with sulphiagsther metals. About three-fourths of
the silver produced is a by-product of the extacof other metals, copper and lead in
particular. This also applies to silver mining iar&pe. Silver is widely used in electronics
although the most important uses are in photogrgghser nitrate) and making mirrors.
Significant mine producers of silver within the Btk Poland, and, to a much lesser extent,
Sweden. In Sweden, silver stems from a lead-zimen#oland ranks among the major world
producers of silver and accounted for about 6% addvmine production in 2004. Silver
mine production in the EU amounts less than 20@0ds per year.

Platinum:There is no primary mine production in the EU. thoiifrica is the largest producer
of platinum in the world. Platinum, often accomphby small amounts of other platinum
family metals, occurs in alluvial placer depositghe Witwatersrand of South Africa,
Colombia, Ontario, the Ural Mountains, and in wastdSA. Platinum is produced
commercially as a by-product of nickel ore procegsn the Sudbury deposit. The huge
guantities of nickel ore processed makes up fofabethat platinum is present as only 0.5
ppm in the ore.

Other precious metal oreghese include the (other) Platinum Group MetalSNP,

palladium, rhodium, ruthenium, osmium and iridiubhere is likewise no mine production in
the EU.

Of the PGM family, platinum and palladium are thesincommercially significant, having
important applications as catalysts and in eleatsoand jewellery and as investment

commodities.

A.2.2.7 Bauxite and other aluminium ores

The only important mineral source of aluminium @&ukite, which contains 40-60%
aluminium oxide (Ayres et al. 2006). The chief ugkaluminium are in packaging,
transportation, and construction. Greece is thet sigaificant producer of bauxite within the

EU followed by Hungary and France. However, onabgl scale EU mine production is of
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minor importance. Data for the extraction of bagendate provided in good quality by national

and international statistical sources and generafgr to gross ore production.

A.2.2.8 Uranium and thorium ores

Minerals that contain uranium or thorium as an esalecomponent of their chemical
composition are called radioactive minerals. Exasalre uraninite or thorite. Uranium is
chiefly used as the fuel source for nuclear poviaias and in weapons. Within the EU, a
small amount of uranium is mined in the Czech Réputhere the only mine has an output
of around 500 tonnes metal content per year. Afsaie this, there may be (unrecorded)
production from decommissioning operations in Fear@@ermany, and Spain. Typical metal
content in gross ores is around 0.17%. Yellowcakeentrate is produced in all countries

where uranium is mined and contains about 80% unamixide.

A.2.2.9 Other metal ores

Other non-ferrous metal ores may include (accortbnfe BGS commodity list for European
mineral statistics): antimony, arsenic, bismutldreaum, chromium, cobalt, lithium,
magnesium, manganese, mercury, molybdenum, rattesggttrium and scandium),
selenium, strontium, tantalum (and niobium), titami(ilmenite), tungsten, vanadium,
zirconium. Overall they are of no quantitative imjoce in EU production. Those metals in
group A.2.2.9., that have at least some minor ingmae in the EU, are briefly described
below.

Arsenic:is produced in minor quantities in Belgium, Frarened Germany (altogether about
2000 tonnes). Arsenic is found native as the mirsat@erbenkobalt, but generally occurs
among surface rocks combined with sulphur or meli@principal uses are as compounds in
wood preservatives and pesticides, and in semiwainds as gallium arsenide.
Chromium:Finland is the only EU country with significantmei production of chromite, the
only ore mineral of chromium. It is an essentiahponent of stainless steel and other alloy
steels. It is also used in superalloys and megding, as pigments and in refractories.
Lithium: is, in the EU, only mined in Portugal as Lepidoiitineral. Lithium may profitably
be extracted from ores containing as little as tPtuim (measured as lithium oxide). Some
commercially important minerals are lepidolite,gh¢, spodumene, and amblygonite.
Lithium is also produced from brines such as thinsgearles Lake, Calif., and in the Great
Salt Lake, Utah. Its uses are as fluxes in thenciesaand glass industries, in lubricants, as

alloying agent in primary aluminium, and in recheable batteries.
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Magnesiumis a light metal commonly mined as magnesite mes&U countries. Although
magnesium is found in over 60 minerals, only doteimmnagnesite, brucite, carnallite, talc,
and olivine are of commercial importance. It is ma@mmonly used in refractory bricks in
furnaces, but also in fertilisers.

Manganeseis sometimes reported together with iron ores@simanganese ores.
Manganese occurs principally as pyrolusite andlesser extent as rhodochrosite. Its
principal use is in the steel industry as desuligleuiand as an alloy, further as an aluminium
alloy, in dry-cell batteries, and in the chemicadustry.

Mercury:is mined in minor amounts of around 770 tonneténEU (Spain and Finland). It is
mainly used in electrical switches and other cdrgpparatus, and in dental amalgam, but
also in chlor-alkali plants and in batteries whign@ use is being phased out.
Strontium:Within the EU, only Spain has significant mine gwotion of strontium minerals.
Its dominant use is in the faceplate glass of a#hay tubes where it blocks X-ray
emissions. Other uses are in pigments, pyrotechamnsfluorescent tubes.

Tungstenmine production occurs in Austria and in Portuegadround 2000 tonnes metal
annually. Metal contents may range from 0.25 to%2.tungsten oxide; for Austria values of
1.8% have been reported. Its largest use is in sEdearbides in cutting tools, but also as an
alloying agent with steel for tools and in supengdl. Its most familiar use is in light bulb

filaments.

A.3.1.1 Ornamental or building stone

This category comprises almost any competent rgaé that may be used in the form of
shaped and/or sized blocks for either structuralemorative purposes. It includes marble and
other calcareous ornamental or building stone (eagertine, ecausine, and alabaster), and
granite, sandstone, and other ornamental or bagilsione (e.g. porphyry, basalt), as well as
roofing stone and may even include slate, whichukhdowever, be counted under A.3.1.3.
It is recommended to consult a statistics expeawvtmd double counting between A.3.1.1 and
A.3.1.3.

Data are often given in cubic meters’{and have to be converted to tonnes (see tabler11

conversion factors).
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Table 11: Specific gravities of ornamental and buil ~ ding stone

kg per cubic meter

Marble, solid 2563
Granite, solid 2691
Sandstone, solid 2323
Porphyry, solid 2547
Basalt, solid 3011

Stone (default value if no other 2500
specifications are available)

Source: SIMETRIC

A.3.1.2 Chalk and dolomite

Chalk is a soft, white, porous form of limestonenpmsed of the mineral calcite. It is also a
sedimentary rock. Uses are widespread and comgaskboard chalk, to mark boundaries,
in sports, applied to the hands or to instrumemigévent slippage, and as tailor's chalk.
Dolomite is the name of both a carbonate rock amingral consisting of calcium
magnesium carbonate found in crystals. Dolomit& (atso dolostone) is composed
predominantly of the mineral dolomite. Limestoneaths partially replaced by dolomite is
referred to as dolomitic limestone. Limestone aolkbuohite are commonly used as crushed-
rock aggregate, for cement production, and forratidustrial and agricultural uses.
Limestone and dolomite are often combined in gtesisreporting. They are, however,
differentiated in statistics by CPA codes at thiidts level.

Please noteln case data for limestone are derived from ames$t described under A.3.2.1,

it should be figured out if this estimate includee of dolomite (for cement production). Data

reported for dolomite under A.3.1.2 then eventulHye to be corrected for double counts. It

is recommended to consult a national expert faifedation of this issue.

For minerals of category A.3.1.2 data are ofteroriul in cubic meters (frand have to be
converted to tonnes (see table 12 for conversiciofg).
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Table 12: Specific gravities of chalk and dolomite

kg per cubic meter

Chalk, lumpy 1442
Dolomite, lumpy 1522
Chalk and dolomite (default value if 1500

no other specifications are availabl¢

~

Source:SIMETRIC

A.3.1.3 Slate

Slate is a fine-grained, homogeneous, metamorpkicderived from an original shale-type
sedimentary rock composed of clay or volcanic asbugh low grade regional
metamorphism. Slate can be made into roofing slates called roofing shingles. Fine slate
can also be used as a whetstone to hone kniveauBeof its thermal stability and chemical
inertness, slate has been used for laboratory kepshand for billiard table tops. Slate tiles
are often used for interior and exterior floorirgaall cladding. Slate for construction
purposes may be included in statistics as buildmgdimension stone (A.3.1.1) and should, if
possible included there. Depending on the predombiciaracteristics of slate, conversions

from n7 to tonnes may be performed as shown in table 13.

Table 13: Specific gravities of slate

kg per cubic meter

Slate, solid 2 691
Slate, broken 1 290-1 450
Slate, pulverized 1362
Slate (default value if no other 1400

specifications are available)

Source: SIMETRIC
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A.3.1.4 Chemical and fertiliser minerals

This group of minerals mainly comprises:

Natural calcium or aluminium calcium phosphateften combined under the heading

“phosphate rock”. Most of it (over 90%) is usedtoduce fertiliser; the remainder is used in
the production of detergents, animal feedstock,raady other minor applications.

Carnallite, sylvite, and other crude natural patamssaltsare often combined under the

heading “potash”. Potassium is essential in fedis and is widely used in the chemicals
industry and in explosives. Data for potash arerofeported in KO contents. In this case, as
for metals, the run-of-mine production has to bewdated to obtain the used domestic
extraction. Germany is by far the biggest produdgrotash in the EU and the third biggest in
the world. The KO content in run of mine production of potash im@any is about 55%.
Unroasted iron pyritevhich is an iron disulfide. Pyrite is used for fh@duction of sulphur

dioxide, e.g. for the paper industry, and in thedoiction of sulphuric acid, though such
applications are declining in importance.

Crude or unrefined sulphis a fundamental feedstock to the chemical inguBiease note!

Not all domestic sulphur production is accountedriccategory A.3.1.4. For the purpose of
MFA three principle types of sulphur can be distiistped: (1) Sulphur from mining: This
sulphur should be accounted for in category A.3.@¥Sulphur produced in the refinery
through desulphurisation of petroleum resourcess Stiphur is included in the amounts of
extracted petroleum resources and should not letezgpunder A.3.1.4. (3) In some cases
sulphur can occur as an unused by-product of tlraaion of petroleum resources. This
sulphur is considered unused extraction and isoobunted for in the MFA questionnaire.

Other chemical minerals are mainBaryte, used in a variety of industries for itsggerties of

high specific gravity, witherite, a barium carbamatineral which is the chief source of
barium salts and is mined in considerable amouni$oirthumberland. It is used for the
preparation of rat poison, in the manufacture aggland porcelain, and formerly for refining
sugar. Borates are chemical products from boraterals, which are e.g. used as wood
preservatives. Borate minerals contain the bonsienaBQ;*, the most common borate
mineral is boron. Fluorspar, i.e. the mineral fitemainly a source of fluorine, kieserite, a
mineral made of magnesium sulphate and epsoniitgdtmus magnesium sulphate mineral,

alunite or alumstone, pozzolana, and other mirgriastances n.e.s.
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A.3.1.5 Salt

This material group concerns sodium chloride. Baly be produced from rock salt, brine or
seawater. It is used for human consumption, irctfenical industry, or to ‘grit’ roads to

prevent the formation of ice.

A.3.1.6 Other mining and quarrying products n.e.c.

This is a divers group that essentially compridlesignerals not covered by the previous
groups. Some of the minerals that are allocate®d3dl.6 are listed below.

Bitumen and asphalt, natural asphaltites and asphatk The largest use of asphalt is for

making asphalt concrete for road surfaces, whichwaus e.g. for approximately 80% of the
asphalt consumed in the United States. Only naagathalt and bitumen is accounted for in
this category. Most of the bitumen, tar and asphséd in Europe are products of the
petrochemical industry and are not considered doonestraction.

Precious and semi-precious stones (excluding indugiamonds)Have no relevance for

domestic extraction in the EU.

Industrial diamondsomprise a number of different stones such as gristone, emery;

natural corundum, natural garnet and other naabedsives used for various industrial
purposes.
Graphite a stable form of pure carbon, is mainly usedeiractories.

Quartz and quartzitare special qualities of silicium used e.g. inapécal industry or in

metal manufacturing.

Siliceous fossil mealkke Kieselgur, Tripolite, Diatomite and otherisdous earths, used e.g.
as absorption agent or material for heat insulation

Asbestosa fibrous mineral, is nowadays restricted iruge due to serious hazard to health.
Steatite and talare magnesium silicate minerals, used for sewedalstrial purposes.

Feldspaiis an essential component of glass and ceramicifacture.

A.3.2.1 Limestone and gypsum

In Europe, limestone is mostly used for cement petidn, followed by its use as crushed
rock aggregate. Limestone requires special attemtithe account for non metallic minerals.
Statistics often underreport amounts of limestotteaeted for construction purposes, in
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particular for cement production. This positionwewer, commonly represents a large mass
flow accounting for a considerable share of DEaf metallic minerals. To check and
eventually correct for missing limestone extractioncement production, the following
estimation can be applied:

Estimate of limestone extraction based on (fini3leement production: The German Federal
Institute for Geosciences and Natural ResourceR()B&plicitly reports limestone used for
the production of Portland cement. Using correspangdroduction figures for cement from
the BGR, a ratio of 1.19 tonnes of limestone fer pnoduction of 1 tonne of cement can be
identified. The extraction of limestone can be gkdted based on data for cement production
in tones and the ratio of limestone to cement:

(13) Limestone for cement production [t] = cememduction [t] * 1.19

Data for cement production can be obtained fronagpection statistics and should include
PRODCOM-2007 items 26511210 (White Portland cem@11230 (Grey Portland
cement including blended cement); 26511250 (Alunceraent) and 26511290 (Other
hydraulic cements).

It is recommended to compare the estimated figurérhestone extraction for cement with
the figure for limestone reported in statisticse igher number should be selected as data
for the domestic extraction of limestone (with Eetance of about 10% in favour of using the
original statistics figure). If limestone for othese than for cement is clearly indicated in
statistics, this figure has to be added to theregé for limestone for cement.

For minerals of category A.3.2.1 data are ofteroriul in cubic meters (fnand have to be

converted to tonnes (see table 14 for conversiciofg).

Table 14: Specific gravities of limestone and gypsu m

kg per cubic meter

Gypsum, crushed 1602
Limestone, broken 1554
Limestone (default value if no other 1500

specifications are available)

Source:SIMETRIC
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A.3.2.2 Gravel and sand

There are two major groups of gravel and sand (§ome also subsumed under the notion
natural aggregates) which are distinguished by fr@icipal uses:

Industrial sand and gravel: Industrial sands amges show specific material properties that
are required for use in iron production and manuf@ag including fire resistant industrial

use, in glass and ceramics production, in chempicaduction, for use as filters, and for other
specific uses. Statistical sources (e.g. the USIEE8h report the amount of sand and gravel in
industrial production processes explicitly.

Sand and gravel for construction: Sand and graretdnstruction is used in structural
engineering (e.g. buildings) and civil engineerfagy. roads). Use of sand and gravel in
structural engineering is mainly for the productafrconcrete. In civil engineering gravel is
mainly used for different kinds of layers in roazhstruction, in concrete elements and for
asphalt production.

Statistics for sand and gravel may not report died Bmount extracted for both industrial and
construction use adequately. Often, only speciad sand gravel for industrial use is included
(see above). Statistics also may report numbersafiod and gravel for construction but not
report total numbers due to e.g., limitations ia tensus. To find out if sand and gravel is not
adequately reported or underestimated in statismarces, the following checks can be
performed:

The amount of sand and gravel per capita of thellatipn in the respective year can be taken
as an indicator. As a rule of thumb, if this amoigrgignificantly below 1 ton per capita, it

can be assumed that sand and gravel for constnyatigposes is not adequately reported and
has to be estimated. Additionally stakeholdersexerts concerned with this economic
activity should be consulted to clarify the sigcdfince of the reported numbers. If no adequate
statistical data are available, the total amoursanid and gravel extracted for construction can
be estimated.

The following simple procedure to estimate the anmt@fi sand and gravel used in
construction takes into account the two most ingrdrtises of sand and gravel. It combines
an estimate of sand and gravel required for thdymiion of concrete (step 1) with an
estimate of sand and gravel used in layers in coadtruction (step 2). In step 3 the total
amount of sand and gravel is calculated as thedfuhe results obtained from step 1 and step
2.
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Step 1: Estimation of sand and gravel requirediHferproduction of concrete: Concrete is a
mixture of 6% air, 11% Portland cement, 41% graveadrushed stone (coarse aggregate),
26% sand, and 16% water (PCA 2007). Thus, sandjevwel make up about 67% of the
produced concrete. Based on these relations tws feayalculating sand and gravel required

for concrete production are possible:

Method 1a) Estimate of sand and gravel based ocretmproduction data:

(14) Sand and gravel input [t] = concrete producfipx 0.67

Data on concrete production can be obtained fravdymtion statistics (PRODCOM-2007-
item 26631000 Ready-mixed concrete); in generathod 1a tends to underestimate the
amount of sand gravel, because concrete reportgatistics commonly refers to transport
concrete and does not include concrete producedtliirat the construction site. If method la

is used, clarification of the quality of concreteguction data is required.

Method 1b) Estimation of sand and gravel basedertonsumption of cement: The required
input of sand and gravel to produce one ton of rErds 6.09 times the input of cement
(PCA 2007). Accordingly, sand and gravel input iotmcrete production can be calculated as
follows:

(15) Sand and gravel input [t] = cement consumpitipx 6.09

Cement consumption can be derived from data onuyotaxh of and trade with cement:

(16) Apparent cement consumption = cement prodactioement imports — cement exports
Data on cement flows can be obtained from stasisticurces. Production includes
PRODCOM-2007-items 26511210 (White Portland ceme®$11230 (Grey Portland
cement including blended cement); 26511250 (Alunceraent) and 26511290 (Other
hydraulic cements); Trade flows include HS-CN-ite262321 (White Portland cement);
252329 (Portland cement excl. white); 252330 (Almais Cement); 252390 (Cement

weather or not coloured excl. Aluminous and Podleement).

Step 2: Estimation of sand and gravel for roadray{ieezing protection and carrying layers):
Based on information on the length of newly buwokds (by type of road and year) it is
possible to estimate the amount of sand and gtesesl in road construction. In addition, sand
and gravel required for annual maintenance ofdted existing kilometres of roads should be

included. Data on the length and enlargement ofdhd network are commonly provided by
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national transport or road statistics. Data forEheMember States and other countries are
e.g. available from the publication “EU energy arashsport in figures” (DG TREN 2008).
The International Road Federation publishes thddwoad statistics, which could also be
used as a data source.

In addition to information on the length of the dazetwork, data on the amount of sand and
gravel required to build one kilometre of a certaiad type have to be acquired. The
following table provides examples for Germany karidand gravel requirements for the

construction and maintenance can vary significaathpss regions and countries:

Table 15: Requirements of sand and gravel per km of road construction in Germany

Tonnes sand and gravel per km Reference data
for construction f(_)r annual average width in m  total length in km
maintenance

Germany Germany Germany Germany
Highways 28 383 518 244 12531
National roads 9 692 151 8.8 40 711
Federal state roads 8719 76 7.5 86 597
District roads 6 771 65 6.5 91 520
Local roads 5 724 6y 5pb 460 000
All roads 6 886 81 6.4 691 359

Sources: Ulbricht 2006; Steger et al. 2009.

Step 3:Estimated figures for sand and gravel for congpeteluction (step 1) and sand and
gravel for road construction (step 2) are finalilylad and compared with the figure for sand
and gravel reported in statistics. The higher nursheuld be selected as data for the
domestic extraction of sand and gravel for constvaqwith an eventual tolerance of about
10% in favour of using the original statistics figy In case sand and gravel for industrial
uses is given as a specific position in statistius, figure has to be added to the estimated
figure.

In this category of minerals, data may be giveauhic meters (ff) and have to be converted

to tonnes. Reference values are given in table 16.
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Table 16: Specific gravities of sand and gravel

kg per cubic meter

Gravel, loose, dry 1522
Gravel, with sand, natural 1922
Gravel, dry 1,3t0 5,1 cm 1682
Gravel, wet 1,3 to 5,1 cm 2 002
Sand, wet 1922
Sand, wet, packed 2 082
Sand, dry 1602
Sand, loose 1442
Sand, rammed 1682
Sand, water filled 1922
Sand with Gravel, dry 1650
Sand with Gravel, wet 2 020
Sand and gravel (default value if no othgr 1900
specifications are available)

Source: SIMETRIC

A.3.2.3 Clays and kaolin

Kaolinite is a clay mineral, rocks that are rictkamolinite are known as china clay or kaolin.
Other kaolinic clays are kaolin minerals such adlikée, dickite and nacrite, anauxite, and
halloysite-endellite.

The largest use is in the production of papert ssa key ingredient in creating “glossy”
paper (but calcium carbonate, an alternative nafesicompeting in this function). Other
uses are in ceramics, medicine, bricks, as a fdddiee, in toothpaste, in other cosmetics,
and since recently also as a specially formulapedysapplied to fruits, vegetables, and other
vegetation to repel or deter insect damage.

In statistics, kaolin may be grouped together witier clays under the heading “industrial or
special clays”. Other industrial or special clags te: ball clay, bentonite, sepiolite and
attapulgite, ceramic clay, fire clay, flint clayller’'s earth, hectorite, illite clay, palygorskite
pottery clay, refractory clay, saponite, sepioldieale, special clay, slate clay.

Kaolin and other special clays are commonly wetildoented in statistics. Data may be

given in cubic meters (fhand have to be converted to tonnes (see table 17)
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Table 17: Specific gravities of clay

kg per cubic
meter
Clay, dry excavated 1089
Clay, wet excavated 1826
Clay, dry lump 1073
Clay, fire 1362
Clay, wet lump 1602
Clay, compacted 1746
Clay (default value if no other
o . 1500
specifications are available)

Source: SIMETRIC

Distinct from special or industrial clays are commutays and loams for construction
purposes, in particular for bricks and tiles. Thaseoften not or under-represented in
statistics. To check for this, the following esttina procedure developed by the Federal
Statistical Office Germany may be applied (KlinnE383).

(a) For the production of full and lug bricks 2dhhes crude clay are required to produce 1
m?® of bricks. Full and lug bricks include PRODCOM-Z8Bems 26401110 (non-refractory
clay building bricks). When using PRODCOM-2004 alsdude 26401113 (ceramic bricks
and blocks for common masonry: formed units, withvithout perforation, for walls with
rendering or cladding); 26401115 (ceramic facinghks: formed units, with or without
performation, for use without rendering); 26401{d&ramic paving bricks: formed units for

floor and road surfacing).

Table 18: Correspondence PRODCOM 1995 — 2008 codes for production of bricks

PRODCOM PRODCOM PRODCOM
1995 - 2004 2005 - 2007 2008
26401110 26401110 23321110
26401113
26401115
26401117

Source: Eurostat
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(b) For the production of roof bricks 1.05 tonnesde clay are required to produce 1 t of
bricks, and 2.73 kg crude clay are required to pcedne single roof brick respectively. Roof
bricks include PRODCOM-2007-items 26401130 (noma&tbry clay flooring blocks);
26401250 (non-refractory clay roofing tiles); 26200 (non-refractory clay constructional
products (including chimneypots, cowls, chimnegitsand flue-blocks, architectural
ornaments, ventilator grills, clay-lath; excludipiges, guttering and the like).

(c) For the production of ceiling bricks (in cagported this way): 0.22 tonnes crude clay are
required to produce 1 Twof bricks, and 2.2 t crude clay are required twdpce one rhof

bricks respectively.

The overall estimation result is compared withftgare for common clays and loams
extraction reported in statistics (excluding indastor special clays). The higher number
should be selected as data for the domestic exinagsed of common clay and loam (with an

eventual tolerance of about 10% for using the nabstatistics figure).

A.3.2.4 Excavated soil, only if used (e.g. for cons  truction work)

In its economy-wide MFA for 1980 to 1998, the ldaliStatistical Office has reported soil
from excavation activities that are reused in aasion as material input. So far, no
standardised estimation procedures for this matiwia are available. For further details,

please refer to Barbiero et al. (2003).

Specific issues related to DE of minerals

Crushed rock (or crushed or broken stone)

Several statistical sources use the category “edisbck” or “crushed stone”. Crushed rock is
commonly produced as broken natural stones for-roatway-, waterway-, and buildings
construction. A range of natural stone types candael to produce crushed rock. These
include the types explicitly addressed in this guithder A.3.1.2 (chalk, and dolomite),
A.3.2.1 (limestone and gypsum), and under A.3.&tbgr mining and quarrying products
n.e.c.). In addition, crushed rock may comprisepttatural stones like sandstone, volcanic
stones, basalt, granite, quartzite, gneiss, arerath

The classification of stone minerals describedig guide, is not fully consistent with a
classification that specifies crushed stone (ok)a&s is often done in national and
international mining statistics. Possible clasatiiens one may find in statistical sources may
include:

- statistical data include gravel under crushed,roc vice versa, without distinction;
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- statistics report building stone which may core@yibut not show separately, dimension
stone and crushed rock;

- data for limestone are reported as such butiatdoded under crushed rock, so that double
counting occurs.

It is therefore difficult at times to judge if tlpeoduction of crushed stone is complete and
without doubles counts. In the first place, we raotend acquiring data for the domestic
extraction of non-metallic minerals as describethis guide. Crushed rock should then be
mainly covered by limestone, gypsum, chalk, anahite, and bitumen and asphalt rock.
The total of these positions may then be compai#dtive total number for crushed rock in
national statistics or alternatively in the BGS &pean Mineral Statistics. In case the number
for total crushed rock is considerably higher tHasum of related minerals accounted for as
described in this guide, the difference may beriadsean estimate for additional domestic
extraction used of crushed rock which cannot biné&uridentified.

Please notelf this is the case please add the additional arnoficrushed stones to A.3.2.1
and add a footnote stating what amount of additionshed stone had been added and by

which method it has been estimated.
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A.4 Petroleum resources and other fossil energy car riers

Table 19: Domestic extraction of petroleum resource s and other fossil energy carriers

(refers to Table A.4 of the MFA questionnaire)

1 digit 2 digit 3 digit 4 digit

A.4 Fossil energy

carriers

A.4.1 Coal and other solid

energy resources

A.4.1.1 Brown coal

A.4.1.2 Hard coal

A.4.1.3 Oil sands and oil
shale

A4.1.4 Peat

A.4.2 Liquid and gaseous
petroleum resources

A.4.2.1 Crude oil and

natural gas liquids
A.4.2.1.1 Crude oil

A.4.2.1.2 Natural gas
liquids

A.4.2.2 Natural gas

Introduction

Petroleum resources and other fossil energy caraier materials formed in the geological
past from biomass. They comprise solid, liquid, gadeous materials.

Economic value: Petroleum resources are bulk ratemads of medium economic value (less
than 1000 €/1).

Socio-economic use: The largest fraction of petnmi@esources is used for the provision of
energy, but they may also be employed as raw ratédddr industrial processes (e.g. for the
production of organic chemical compounds and syittineaterials or fibers).

Environment: The extraction of petroleum resouisaglated to a range of environmental
hazards. The combustion of fossil fuels is onéhefrhost prominent socio-economic
activities contributing to global warming and tdfelient types of air pollution. The extraction

Compilation Guidelines for reporting to the 2009 Eurostat questionnaire - vO1 - June 2009 65



and transportation of petroleum resources is reltetehe pollution and destruction of
terrestrial and marine ecosystems.

The extraction of petroleum resources per capiteesaccording to geological deposits and
their share of total DE ranges from zero to 40%h&27 EU countries in the year 2000
(Eurostat 2009b). In European countries, extracigrages at 2 t/cap and ranges between
zero and 10 t/cap. Coal accounts for roughly hialbtal DE of fossil energy carriers,
followed by natural gas (30%) and oil (20%). Thé&rastion of peat only has regional

significance.

Data sources

Different sections of national statistics proviggalon the extraction of petroleum resources
and other fossil energy carriers: mining statisticdustrial production statistics, and energy
statistics. Data quality is usually very high fdrsubcategories.

International sources: A number of internationahdsources provide information about DE
of petroleum resources and fossil energy carridie.most prominent are the database of the
International Energy Agency (IEA 2004), the Unitédtions Industrial Commodity
Production Statistics, the data collections oflilmted States Geological Survey (USGS), and
Eurostat’'s NewCronos database. All of these daesb@port the extraction of the various
types of coal, crude oil, and natural gas and eanded for the compilation of material flow
accounts. The reported values may differ slightlypas sources, above all due to differences
in definition or unit conversion procedures.

Data on the extraction of all petroleum resources@ther fossil energy carriers from

national and international statistical sourcesusunally be integrated into MFA accounts
without further processing. In some cases, coneersom values given in volume or energy
content into weight may be required. As the techintbaracteristics of petroleum resources

vary from region to region, country specific corsien factors should be applied.

Conventions

Terminology and classification: The terminology and classification of petroleursaérces
and other fossil energy carriers used in this gbigdand large follow the terminology used by
the IEA and may differ from the terminology usedational statistics. For further details,
refer to the OECD/IEA/Eurostat Energy StatisticsniMa (OECD/IEA/Eurostat 2005).
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System boundaries/According to the conventions of MFA only extraciegtroleum
resources without inert matter are considered.njaeted or flared fractions of crude oil or
natural gas are considered unused extraction anacoounted for under domestic extraction.

Petroleum resources used within the extractionstrdis are to be included.

Data compilation

A.4.1.1 Brown coal

This category includes lignite or brown coal (iron-agglomerating coal with a gross
calorific value of less than 17.4 MJ/kg and gre#ttan 31 per cent volatile matter on a dry
mineral matter free basis) and sub-bituminous @aal non-agglomerating coals with a gross
calorific value between 17.4 MJ/kg and 23.9 MJ&aptaining more than 31 per cent volatile

matter on a dry mineral matter free basis).

A.4.1.2 Hard coal

This includes all anthracite coals, bituminous s@ald coking coal with a gross calorific
value greater than 23.9 MJ/kg on an ash-free bustrbasis.

A.4.1.4 Oil shale and tar sands
This category includes oil shale (a sedimentark mmmtaining kerogen, a solid organic
material) and tar sands (naturally occurring bitnrmapregnated sands that yield mixtures of
liquid hydrocarbon and that require further proageg®ether than mechanical blending before
becoming finished petroleum products) for direanhbaistion and as inputs into other

transformation processes (these are only of regggaificance in Europe).

4.1.5 Peat

Peat is a combustible soft, porous or compressedilfsedimentary deposit of plant origin
with high water content which may be used for costiom or agricultural purpose.

4.2.1 Crude oil and natural gas liquids
Crude oil is a mineral oil consisting of a mixtuiehydrocarbons of natural origin. Natural
gas liquids are liquid hydrocarbon mixtures, whach gaseous at reservoir temperatures and
pressures, but are recoverable by condensatioal@sutption. Natural gas liquids (NGL) are
classified according to their vapour pressure aslensates, natural gasoline or liquid
petroleum gas (LPG).
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4.2.2 Natural gas

Natural gas comprises gases, occurring in undengrdeposits, whether liquefied or
gaseous, consisting mainly of methane. It inclust#h "non-associated” gas originating from
fields producing only hydrocarbons in gaseous fand "associated" gas produced in
association with crude oil as well as methane rexVfrom coal mines (colliery gas).
Production is measured after purification and extoa of NGL and sulphur and excludes re-
injected gas, quantities vented or flared (so dalal dry production). Natural gas is often
reported in volume or energy content and has toobgerted into metric tonnes by applying

region specific factors (see Table 19 for averaajaes).

Table 20: Calorific value and density of natural ga

s of fossil energy carriers

value)

kg / m? (standard cubic GCV [MJ/kg] |[GCV [MJ/m3]
meter at 15°C)
Natural gas (range) 0.76-0.83 36-55 30-45
Natural gas (default 0.8 50 40

Source: derived from OECD/IEA/Eurostat 2005
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Tables B, C, D, and E: Imports and Exports

Introduction

Two types of system boundaries are relevant in@oyawvide MFA (see introduction):

(1) The functional boundary between the economythadatural environment determines
the definition of DE and DPO.

(2) The economic boundary between the focal natiec@nomy (i.e. the economy for which
the MFA is complied) and other national economietednines the definition of imports and
exports.

This chapter deals with the treatment of import exjort flows in MFA. The OECD,
following recommendations made by the UN providesfollowing definition for foreign
trade: “The international merchandise trade stesisecord all goods which add to or subtract
from the stock of material resources of a counyrgtering (imports) or leaving (exports) its
economic territory. Goods simply being transpottedugh a country (goods in transit) or
temporarily admitted or withdrawn (except for godaisinward or outward processing) do
not add to or subtract from the stock of mateeaburces of a country and are not included in
the international merchandise trade statistics"@DE2006). Due to the territorial definition

of foreign trade, data recorded in national tradéstics do not fully comply with the
residence principle and some adjustments may hareegwhich are discussed on section
“Adjustments for residence principle” below.

As opposed to domestically extracted materialgigilagoods represent commodities and
products at different stages of processing and gpambasic commodities such as unmilled
cereals or ore concentrates to semi-manufacturedsgeuch as worked wood or steel ingots
and finally to finished goods such as technicaliappes or furniture.

Please noteRaw materials, as defined in Material Flow Accangtisee chapter
“fundamentals”), per definition cannot be tradedlydhose materials which are crossing the
border between the environment and the economgaargidered as raw materials.
Conversely traded goods per definition are crossiegorder between national economies,
thus they have already achieved a status of a g@odhey represent a specific exchange
value. In general traded goods have undergone komdef processing, be it of purification,
concentration or transformation of the raw matsriato the goods. We therefore distinguish
between basic commaodities, semi-manufactured ganddinal products to indicate the stage

of processing among traded goods.
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In MFA, all traded goods are accounted for with tiess they have at the point in time that
they cross the administrative borders. This coordp to the conventions of the foreign trade
statistics provided by the UN and the OECD: “Gosksuld be included in statistics at the
time when they enter or leave the economic teyritdra country. In the case of customs-
based data collection systems, the time of recgrsitould be the date of lodgement of the
customs declaration. Lists of goods to be included, recorded separately, and to be
excluded should be provided. Specific goods afleetexcluded from detailed international
merchandise trade statistics but recorded sepwiatelder to derive totals of international
merchandise trade for national accounts and balaingayments purposes” (OECD 2006).
Total imports constituted one fifth of the direcatarial input (DMI = DE used + Imports)
into the EU-15 in 1970 and increased to one quartgl 2000. In absolute terms imports into
the EU-15 amounted to 1.4 billion tonnes and expimam the EU-15 to 0.4 billion tonnes in
2000, while the physical quantity of the intra Ealde (i.e. the trade between EU member
states) was 11 billion tonnes. Qil, ores and ceptasent the largest fractions of imports into
the EU-15, together these commodities cover 70 #hephysical import volume. In the
Physical Trade Balance (PTB = Imports — Exports}¥ pattern is accentuated with the three
material categories oil, coal, and ores coverin@®80f net imports (EU-15 in 2000). Exports,
on the other hand, are still at a considerably tdeweel (roughly one quarter of imports), but
they increased more quickly over the last threades. Imports per capita ranged from 2 t in
Romania to 26 t in Belgium in 2005. Exports peritzapere lowest in Romania with 1.2 t
and highest in Belgium with 20 t in the year 208k data for EU15 in the year 2000 from
Weisz et al. 2004, EU27 in 2005 from Eurostat 2009b

Data structure and sources

Foreign trade statistics is the basic data souncarfport and export flows in EW-MFA. Due
to the territorial definition of foreign trade, datecorded in national trade statistics do not
fully comply with the residence principle and soatgustments may required which are
discussed in section “Adjustments for residenceqgpie” below. Import and export data are
available in foreign trade statistics which are pdad on the national level and additionally
gathered in international databases. In generiakifgrshould be given to national data;
international data should only be resorted to sscand choice. As the specifics of national
foreign trade statistics may not allow for genesatiion, we here refer to international
databases and their characteristics to explaimtia issues regarding the compilation of

import and export data within an economy wide MFA.
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International nomenclatures and classification of t raded commodities

On the international level, two nomenclatures aanihg used: Harmonised System (HS) —
Combined Nomenclature (CN) and Standard Internatibrade Statistics (SITC). Most
national data follow one of these nomenclaturegrdiore this guide and the MFA
guestionnaire are based on these classificaticaisomal statistics that differ from these
classifications cannot be covered in this guiderangt be dealt with on an individual basis.
Trade statistics include between 3000 (SITC) t@Q0.(CN) items of traded goods organised
by classification schemes. The Harmonized Syste8) @tassification is promoted by the
World Customs Organisation and includes over 5@d0roodity groups identified by 6-digit
codes (referred to as “sub-headings”), aggregatdiaet 4-digit level (more than 1200 groups,
referred to as “headings”), and to the 2-digit Idaémost 100 groups, referred to as
“chapters”). HS was first introduced in 1988, rémns were adopted in 1992, 1996, and 2002.
The Combined Nomenclature (CN) was developed b¥tirepean Community and is based
on the HS nomenclature but comprises another sigoalivwith 8-digit codes.

The SITC is promoted by the UN and structured alhierarchical levels: Level 1 (1-digit
codes) includes 10 sections, level 2 (2-digit cp@&sdivisions and level 3 (3-digit codes)
261 groups, level 4 (4-digit codes) 1033 subgroapd,level 5 (5-digit codes) 3121 items.
SITC was first introduced in 1961 and revised iBll@evision 2) and 1994 (revision 3). A
new revision (revision 4) has recently been intastl Correspondence tables exist between

the nomenclatures (e.g. from the Uiitp://unstats.un.org/unsd/cr/registry/regot.aspl) g

International databases

On the European level, the foreign trade datab@senext” is maintained by Eurostat. It
includes data for the EU Member States from 19%@ands or beginning with the year of
accession, respectively. Data is reported in CN&AR&€ nomenclature. Comext also reports
data on extra EU27 trade from 1999 onwards (dorabi7 since 1999). On the international
level, the UN keeps the database “Comtrade” in wvfaceign trade data for more than 140
countries are summarized and reported from 196Gaasvdepending on national reporting.
Data is classified according to HS and SITC nomegncé. For some commodity groups,
other sources also report foreign trade data. El@sygre the Food and Agricultural
Organisation (FAO) for traded biomass or the Iraéiomal Energy Agency (IEA) for
imported and exported fossil fuels.
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Structure of trade statistics

Units of measurement:Foreign trade data are usually reported in moyetad physical

units. The standard physical unit is kilograms etnc tonnes measured at the point in time
in which a good crosses an administrative bordersbme commaodities, data are reported in
other physical units such as length (metres), @@aare metres), volume (cubic metres,
litres), numeric units (pieces, pairs, dozens, paalk, for electricity, in kilowatt-hours

(United Nations 2004). In the EU, “the most comnomiit of measurement of quantity used in
the collection of trade data is the net mass. Wais collected for all goods until 1997. Since
then it has not been required for certain categarfegoods in intra-EU trade when it is not
the most suitable quantity unit. As from 2006 mensgiates may not collect the net mass
when the supplementary unit (i.e. a unit other tkilograms) is requested” (Eurostat 2006:
18).

It is possible to search Eurostat’'s Comext databakezting either metric tonnes or other
units, i.e. “supplementary units”. In case “metoanes” are selected, all trade data available
in this unit are displayed. Any trade flows that anly reported in other units are not
displayed in the results of such a query.

The UN Comtrade database handles this issue iffiesedit manner. Here, no results in
physical units are returned if the item for whible guery was run has subordinate categories
which are reported in supplementary physical utlsng UN Comtrade data therefore
requires defining an intermediate level of aggriegadf trade classifications at which
sufficient physical data is returned (see sectioata compilation). Usually physical data
appear only at the 3 digit level or lower.

Partner countries: Import and export data are reported accordingeacbuntries of origin or
destination, respectively. In some databasesaisis possible to select country-aggregates as
trade partners. For countries in the EU, it is seagy to differentiate between trade flows
between member states and those with non-membatrzsi This is important because in
the calculation of the EU’s aggregated foreignerédws only the imports to and exports
from non-EU countries are considered. In Comextyvard flows from a Member State to a
non-member country are called “exports”, outwaoivl from one Member state to another
are called “dispatches”. Inward flows from a nonpnfber country are called “imports”,

inward flows from another Member State are call@divals™ (Eurostat 2006: 6).

Transit flows: The reported flows of foreign trade statisticsiarports and exports. Most
commonly, foreign trade statistics also distinguisansit” flows, i.e. imports that are

exported again without any processing occurrindpwithe country and thus to which no
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value is added before export. In the EU and theesponding database Comext, “goods in
transit across the European Union area are natded in trade statistics” (Eurostat 2006: 9).
In the UN Comtrade database, transit flows arelaysal as “re-imports” and “re-exports” in
addition to imports and exports. As import and ekpata include re-imports and re-exports,

these have to be subtracted from the totals.

Conventions, conversions

In this section the most important conventionstii@ accounting of physical imports and
exports are described.

Additional categories compared to DE

Unlike DE, traded goods include basic commoditiss manufactured goods but no raw
materials. Thus, commodities and goods becomeastdiiat would not be considered in
calculating domestic extraction, e.g. pork or mitkMaterial Flow Accounting every traded
good is considered unless it is immaterial, i.s. @ weight as e.g. electricity.

Packaging materials

According to EU regulation as well as standardritagonal trade statistics, merchandise
trade is reported in net weight units, i.e. exahgdpackaging materials. However, in some
cases, trade statistics might also be reportedossgveight - especially for some finished
goods where the commodity may be reported at thghtvé has upon being sold. This often
includes packaging materials, e.g. for marmaladtdisca glass (Eurostat 2001: 49).

From a purely conceptual point of view, packagiragenals should be accounted for in
MFA. Practically, though, packaging materials oféea of negligible importance. A German
study on traded packaging materials revealed b@aamount of packaging materials in
imported goods was only 0,5% of the imported tor(@#M 2005). Considering the minor
importance and the huge efforts an estimation ok@ging materials in traded goods would
take, the Eurostat MFA task force recommendedrbatdditional estimation of packaging
materials needs to be performed.

Please noteln any case, though, it should be verified whethate flows are reported in net
or gross weight and any changes in reporting camsmsduring the covered time period
should be identified, in order to avoid flaws imé& series of physical trade data.

Transit

In MFA commodities that are simply transported tigio a country, i.e. transit, are not

considered as imports or exports. Note also theudgon on transit flows above.
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Confidential trade

Due to reasons of confidentiality, data that waeldeal information pertaining to individual
firms is suppressed on the respective aggregatia but reported on the next higher level
where confidentiality can be adequately ensured.

In those databases in which the highest aggregki@h is also reported in mass units (e.g.
Comext), this can lead to discrepancies betweeorteghtrade flows if data on some flows
are suppressed on lower aggregation levels. Thousnwworking with different levels of
aggregation, the sum of total traded masses attarmediate level of aggregation may be
lower than the total mass reported on the highggtemation level.

In those databases which do not provide physidakgaon higher aggregation levels (due to
the variance among physical units in the lowerl&y¢he amount of suppressed confidential
data cannot be precisely determined. The magniatitteese suppressed amounts can vary
significantly over time and also between countriecompiling an MFA, the difficulty of
determining these flows must be taken into conatttan. In some cases, it will be necessary
to include an estimation of suppressed data baseduntry specific information, or else
request aggregates of the confidential data framdbpective unit of the national statistical

office.

Conversions

From a conceptual point of view in all cases wherigs other than standard physical units
(see above) are given, reported data have to beeded into tonnes by either using national
conversion factors or other conversion factors sascthose proposed by the United Nations
(2004: Annex C “Conversion factors”).

Please noteln actual practise it should also be consideratitthe amount of trade data
reported in units other than tonnes can substantiaty from country to country. Therefore
no "one size fits all" solution is recommended h@mo aspects should be judged: (1)
whether or not the commodities that are reportesipplementary units are representing a
significant fraction of total trade, (2) whetherraot the effort to actually perform the
conversions (including the availability of relialdenversion factors) is high. In this latter
respect the decision between regional specificaaetage conversion factors is particularly
important. The treatment of natural gas is a cagmint and may serve as an illustration of
the problematic.

Natural gas (SITC code 34, HS code 2705 and 2¢bhyersion to weight
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The quantity of natural gas is commonly reporteddlume units or calorific values. In
principle, country specific data on calorific vadugnd densities would be needed in order to
convert reported volumes to metric tonnes. Suclmizgspecific coefficients are generally
easier to obtain for the focal economy for whick FA is compiled, than for those

countries from which the natural gas is importedcdses where the quantity of the imported
natural gas is of minor relevance among the impogteods, it might be a disproportionately
difficult task to investigate into country speciionversion factors for the imported natural
gas. Instead, average conversion coefficients (aad¢hose presented in table 19) can be used
to convert natural gas volumes to mass units. Kported natural gas, national data on

calorific values and densities can be appliedHerdonversion from volume to mass.

Compilation - comments on the MFA questionnaire

The MFA gquestionnaire contains four tables (TaBle€, D, and E) and three
correspondence tables (Annex 1, 3 and 4) thatedaited to trade flows. This section

discusses specific aspects that are importantrtsidger when filling in tables B through E.

Intra and extra EU trade

The four tables on trade flows, i.e. tables B, Cabd E correspond to total imports, total
exports, extra-EU27 imports, and extra-EU27 exp@spectively. The distinction between
total trade and extra-EU27 trade on the nationalles essential to allow for a subsequent
compilation of total EU material flow accounts andicators. Evidently, the imports and
exports of the EU as a whole do not equal the sttmecimports and exports of the single
member states. As trade flows between EU membigsstepresent neither imports to nor
exports from the EU, these flows must not be actsmlifor in the aggregated MFA for the
EU as a whole. For this reason both data on teet(intra and extra EU trade) and extra-
EU27 are required.

Please notelAt this point it is important to note that distirdata on extra-EU27 trade flows
are only available for EU member states. For nonaii##nber states and for present member
in the years prior to their accession these datahai be available. In such cases only tables

B and D are filled in while tables C and E are &fipty.
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Allocation of foreign trade data to the MFA classif  ication

For the compilation of EW-MFA data from foreigndeastatistics have to be allocated to the
material groups listed in the MFA Tables (see t&flpaccording to their material
composition. As far as possible, trade flows al@cated to material groups on the basis of
their primary material component. The MFA classifion system is different from any of the
standard foreign trade classification systemsrimseof groupings of materials and their
allocation to a certain digit level. To facilitzi@ univocal allocation of data structured
according to a standard foreign trade classificesigstem to the MFA classification system
correspondence tables between the MFA classificaystem and the most common
international trade classification systems (SITZ3and 4, CN) are included in MFA
guestionnaire (see annex 3a to c¢). It is assunadthrespondence tables between these
classification systems and other national and m@igonal trade nomenclatures are easily
available.

As can be seen from annex 3, the level of disaggieyat which the foreign trade data are
required depends on the type of products. Foreagtetdata can sometimes be integrated into
MF accounts on the 2-digit level of trade classifiiens, but in some cases, data on much
higher digit levels are required (see e.g. MFA gatg 1.3.1. which is an aggregate of five
SITC rev.3 commodities at the 5-digit level).

In general, every group of traded goods, whichessarable in tonnes, is allocated to one
MFA category. But conversely, not every MFA catggoas to be filled with trade data. A
small number of material categories are not applecto trade flows (e.g. 1.2.1.1 “straw”,
1.2.2.2 “grazed biomass”, 1.5 “hunting and gatlggjinAdditionally, it is possible that in
some countries or years no commodities or goo@sspiecific material group are imported or
exported.

In the trade tables some additional categoriesghvtio not apply to DE, are included. This is
the case for 1.6 “live animals, meat, and meatyetgl and for the categories in which
products are subsumed such as 1.7, 2.3, 3.3,/d3jrally category 5 and 6.

It should be stressed that the allocation of forérgde categories to the MFA categories is
not unambiguous because the trade classificatiaresya distinguish between different goods,
whereas the MFA classification distinguishes betwdiéferent types of materials. As goods
are often a mixture of different materials no uneqcal correspondence between these two
classification systems is possible.

Despite this conceptual incompatibility between M&i#d trade classifications it is possible

to determine for most goods the main material camepb(as e.g. for most biomass goods), or
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the main raw materials used in the production (gsfer steel ingots). For others, it is only
possible to classify the good as either of biomasseral, or fossil fuel origin. In these latter
cases, the commodities are assigned to additioatdrral categories such as “products from
biomass origin” (B.1.7). The remaining goods, mpstimmaodities that are highly processed
and consist of a complex mix of materials, for whiicis not possible to determine a main

material component, are summarized in the categaher products” (B.5).

Adjustments for Residence Principle

It has been outlined in the “Fundamentals” secti@t economy wide material flow accounts
follow the residence principle. Accordingly, EW-MBAaccount for all material flows
associated with transactions attributed to so daksident units of a national economy.
Generally speaking, the statistical data whichused to compile material flow accounts fully
comply with the residence principle. In the caséooéign trade statistics, which follows a
territorial approach, some adjustments are requikbdve all this concerns flows associated
with mobile resident units and in particular fuskd in international water, air or land
transport: Fuel purchased by resident units outside the@natieconomic territory and fuel
purchased by non-resident units within the nati@eahomic territory are material flows not
covered by foreign trade statistics but are reghnagorts and exports, respectively,
according to the residence principle. To accomn®tta inconsistency between trade
statistics and residence principle, items “B 4 2dgustment for residence principle: Fuel
bunkered by resident units abroad” and “D 4.2.3ultipent for residence principle: Fuel
bunkered by non-resident units domestically” hagerbintroduced in the Tables B and D. A
differentiation of these flows into intra and exE# flows is not feasible due to data
restrictions, therefore, total flows are to be mégpd in Tables B and D.

The data required for these adjustments are, haweetreadily available. Data on fuel use
in international transport is not systematicall{iexed and published and up to date no
standardized methods for data approximation ekigt also holds true of national accounts
and their satellites, where similar adjustmentsnaaele. Some attempts to solve these
problems have been made, for example, in Eurostisual for Air Emissions Accounts
(Eurostat 2009a), which provides estimation procesitor the emissions related to fuel used

by non-resident units domestically and residentsusitbroad. For EW-MFA standardized

* Other areas where adjustments would theoretically be necessary include e.g. food consumption of tourists or
material flows related to activities of embassies or consulates (extraterritorial enclaves). As no statistical data or
reliable estimation procedures exist, these flows are currently not considered in EW-MFA.
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procedures are yet to be developed. Currently mdgmmendations can be made on how to
guantify the flows accounted for under B and D 3 Adjustment for residence principle”.
The relative size of the flows accounted for imité.2.3 can vary largely from country to
country. Some of these flows can be negligibleertitan be of considerable size. In
particular in countries with large airport hubsports on the economic territory, significantly
sized shipping fleets, or important transit routes,amount of fuel bunkered by non-resident
units domestically can be considerable and adjusismaay be necessary. In general, an
appraisal of amount of fuel used by resident wetii®ad is even more difficult than the
guantification of flows associated with non-residenits domestically because no domestic
statistical recordings are available.

In general three paths for obtaining the requirgddrmation (or a combination of these paths)

are potentially viable:

1) Energy and transport statistics: In some countr&®nal energy or transport statistics
collect data on fuel use in international transpé&mtperts in energy and transport
statistics should be consulted to support a fisseasment of the significance of the

concerned flows and to identify statistical sources

2) National air emissions accounts (NAMEA-air): Lik®VEMFA national air emissions
accounts follow the residence principle and theyore air emissions from
international transport. So called “bridging itemgported in national air emissions
accounts (Eurostat 2009a) provide data on emisgrons national residents abroad
and non-residents on the territory by transporetgpnd can be used to calculate the
corresponding fuel flows requested in EW-MFA. Weggest to use information on
CO2 emissions from national air emissions accoant$ country-specific emission
factors by fuel type and use (which are e.g. ctlé@and reported by the IPCC in its

Emission Factor Data Bag&FDB)) to calculate the mass of fuel flows.

3) National accounts: National accounts have a loadition in dealing with practical
difficulties resulting from a consequent implemeiata of the residence principle. In
general, national accounts experts have a goodrieveon the required adjustments
and monetary data on fuel use in international sjpart may be available from
national accounts. On the basis of monetary datéuenhused by non-resident units
domestically and fuel used by resident units abraad corresponding fuel prices

mass flows can calculated.
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Table 21: Classification of trade flows (refers to Tables B, C, D, and E of the MFA

guestionnaire)

1 digit 2 digit 3 digit 2 digit

B.1 Biomass and

biomass products

B.1.1 Primary crops
B.1.1.1 Cereals, primary and processed
B.1.1.2 Roots, tubers, primary and processed
B.1.1.3 Sugar crops, primary and processed
B.1.1.4 Pulses, primary and processed
B.1.1.5 Nuts, primary and processed
B.1.1.6 Oil bearing crops, primary and procdsse
B.1.1.7 Vegetables, primary and processed
B.1.1.8 Fruits, primary and processed
B.1.1.9 Fibres, primary and processed

B.1.1.10 Other crops, primary and processed

B.1.2 Crop residues,
fodder crops and grazed
biomass

B.1.2.1 Crop residues, primary and processed
B.1.2.1.1 Straw

B.1.2.2.2 Other crop
residues

B.1.2.2 Fodder crops and grazed biomass
B.1.2.2.1 Fodder crops

n.a.

B.1.3 Wood and wood
products

B.1.3.1 Timber, primary and processed

B.1.3.2 Wood fuel and other extraction, primangl

processed

B.1.4 Fish capture and
other aquatic animals and
plants, primary and

processed

B.1.4.1 Fish capture
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1 digit

2 digit

3 digit 4 digit

B.1.4.2 All other aquatic animals and plants

B.1.5 n.a.

B. 1.6 Live animals
other than in 1.4., meat

and meat products

B.1.6.1 Live animals other than in 1.4.
B.1.6.2 Meat and meat preparations
B. 1.6.3 Dairy products, birds eggs, and honey

B. 1.6.4 Other products from animals (animald#r

skins, furs, leather etc.)

B. 1.7 Products mainly
from biomass

B.2 Metal ores
and concentrates,
primary and

processed

B.2.1 Iron ores and
concentrates, iron and

steel

B.2.2 Non-ferrous metal
ores and concentrates,

primary and processed

B.2.2.1 Copper
B.2.2.2 Nickel
B.2.2.3 Lead
B.2.2.4 Zinc
B.2.25 Tin

B.2.2.6 Gold, silver, platinum and other precious

metal
B.2.2.7 Bauxite and other aluminium
B.2.2.8 Uranium and thorium

B.2.2.9 Other metals

B.2.3 Products mainly

from metals

B.3 Non-metallic
minerals, primary

and processed

B.3.1 Non metallic
minerals — stone and
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1 digit 2 digit 3 digit 4 digit

industrial use, primary

and processed
B.3.1.1 Ornamental or building stone
B.3.1.2 Chalk and dolomite
B.3.1.3 Slate
B.3.1.4 Chemical and fertilizer minerals
B.3.1.5 Salt

B.3.1.6 Other mining and quarrying productss.e

B.3.2 Non metallic
minerals — bulk minerals
used primarily for
construction, primary and

processed
B.3.2.1 Limestone and gypsum
B.3.2.2 Gravel and sand
B.3.2.3 Clays and kaolin

B.3.24 n.a.

B.3.3 Products mainly
from non metallic

minerals

B.4 Petroleum
resources, primary
and processed

B.4.1 Coal and other
solid energy resources

B.4.1.1 Brown coal

B.4.1.2 Hard coal

B.4.1.3 Oil sands and oil shale

B.4.1.4 Peat

B. 4.2 Liquid and
gaseous petroleum
resources, primary and

processed
B. 4.2.1 Crude oil and natural gas liquids
B.4.2.1.1 Crude oll

B.4.2.1.2 Natural gas
liquids

B.4.2.2 Natural gas
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1 digit 2 digit 3 digit 4 digit

B.4.2.3 Adjustment for residence principle:

Fuel bunkered by resident units abroad (Table B F

bunkered by non-resident units domestically (T&yle

B.4.2.3.1 Fuel for land

transport

B.4.2.3.2 Fuel for water

transport

B.4.2.3.3 Fuel for air

transport

B.4.3 Products mainly

from petroleum products

B.5 Other

products

B.6 Waste
imported for final
treatment and

disposal

Data compilation and cross checks

With regard to foreign trade databases, a broaedtyasf software solutions exists and each
requires an individual approach to the processatd dcquisition. In the following
descriptions, we will use the two internationaladstses Comext and Comtrade as examples
on how to compile physical foreign trade data.

Compilation of physical trade data begins with dleéinition of the data query, according to
the aggregation level specified in the standartesaliollowed by the download of the
respective data in physical and monetary unitsabe a database is used in which physical
units are not displayed on higher aggregation &\&emedium aggregation level must be
chosen on which the share of reported tonnes fe®umt. In the case of Comtrade, the 3-digit
level of the SITC classification fulfils this reqament.

According to the correspondence tables in the Eat@andard Tables, each foreign trade
flow can be allocated to an MFA category.

Please noteMWe recommend to carry out the download and tleeation to MFA categories
for both physical and monetary data. The reastimaisthe monetary data represent valuable
sources for cross-checks, described subsequestiyelhas for additional data analysis.

In industrial economies trade volumes are knowbettighly dynamic and characterized by
relatively large fluctuations depending on a nunddarational and international economic
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factors. Consequently, time series data of physicdlalso monetary trade flows normally do
not reveal smooth trends. Nonetheless, fluctuatiopdysical trade data compiled in material
flow categories can also be the result of changéaws in the physical data reported.

Reasons for this may be among the following:

* General problems in data reporting,
» Changes in trade classifications,
* Changes in the physical units reported,

* Changes in conventions of trade statistics (suchvlasther packaging material is

included),

» Suppressed data due to reasons of confidentiality.

We therefore recommend carrying out visual assesisafi¢he time series of the data on a
medium aggregation level. If this step gives rsedadubt in any of the data, the following
methods can be applied to check whether or nadakee fluctuation is due to data flaws which
have to be corrected.

Whenever fluctuations are detected that call fother investigation, i.e. fluctuation which
are significantly larger as the average, the comiyauoup(s) responsible in particular
should be identified on the next level of dis-aggiteon. The monetary trade data and the
calculated prices can be used in crosscheckingré\fexessary, missing or false physical
data in single years can be estimated by use oetapntrade flow data and tonne prices in
adjacent years. Another possibility to cross-chackomplete missing data is to refer to
alternative data sources, e.g. national or inteynal statistics on traded goods, for example
the IEA or FAO.
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Table F: Domestic Processed Output (DPO)

The indicator Domestic Processed Output to nafbR)) was developed and applied first by
an international team of experts in a joint effetulting in the publication “The Weight of
Nations” (Matthews et al. 2000). DPO indicatestthtal weight of materials which are
released back to the environment after having bheee been used in the domestic economy.
These flows occur at the processing, manufactutisg, and final disposal stages of the
economic production and consumption chain. Expartaterials are not included in DPO
because they are yet to be used in other countries.

DPO was calculated for the USA, Japan, Austriap@ary, The Netherlands (Matthews et al.
2000), for Finland (Muukkonen 2000), for the EU{Bsingezu and Schiitz 2001), for the
Czech Republic (Scasny et al. 2003) and for ItBbriero et al. 2003). Table 21 shows DPO

data around the year 2000 for some industrial etie®

Table 22: Selected results for DPO

tonnes per capita Austria Japan Germany | Nether- USA Finland Italy
lands
1996 1996 1996 1996 1996 1997 199y
Emissions to air 10.3 10.4 11.7 15.2 22.0 16.9 8.p
CO2 10.1 10.4 115 15.1 20.5 16.9§ 7.9
Waste landfilled 11 0.6 0.9 0.6 1.6 1.9 1.0
Municipal waste 0.10 0.15 0.5 0.4 0.4
Emissions to water 0.01 0.01 0.04 0.04 0.01 1.4 02
Dissipative use of products 11 0.10 0.6 2.4 0.5 2 4. 25
Organic fertiliser 0.7 0.09 0.3 2.3 0.3 3.8 2.3
Dissipative losses 0.06 0.01 0.00 0.08
DPO not further defined 1.0 1.0
DPO 12.5 11.2 13.1 18.2 251 254 11.8

Sources: Matthews et al. 2000: Austria, Japan, Germany, Netherlands, USA; Muukkonen 2000:
Finland; Barbiero et al. 2003: Italy.

Note: at the time these studies were performed, DPO was defined including waste landfilled. In this

Guide, waste to controlled landfills is excluded from DPO.
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As can be clearly seen from table 21, emissiomsrtby far dominate the overall DPO level,
and CQ emissions dominate the emissions to air. On aeef@gasured as weighted average
across all countries shown in table 21), emissiorasr accounted for 85% of DPO and £0
accounted for 94% of emissions to air.

The DPO account comprises 5 major categories:

F.1. Emissions to air

F.2. Waste landfilled (uncontrolled)

F.3. Emissions to water

F.4. Dissipative use of products

F.5. Dissipative losses

The first three categories (F.1. to F.3.) refethiothree gateways through which materials are
initially released to the environment, i.e. aindaand water, commonly referred to as
emissions and waste in official statistics. Theagmnmg two categories (F.4. and F.5.) are
residual categories which are not fully attribuéatd a specific gateway but are rather
attributed to a type of release, dissipative oib@eate, than to an environmental gateway.
Apparently there can be overlaps between a dighimetccording to gateways and a
distinction according to dissipative uses and lesk&inly these potential overlaps refer to a
few emissions to air. Essentially there are twatical rules that help avoiding double
counting between emissions to air and other caiegjof DPO:

1. N,O emissions from product use and NMVOC emissionsdiyents are accounted

for in “dissipative use of products” and not in “isgions to air”.

2. Emissions to air from fertiliser application, suas NO and NH are not accounted
for in DPO. The related primary output is fertiisgpread on agricultural soil. The

inclusion of these emissions thus would represeabl counting.

Please noteSo far no fully standardised methods for the coatigih of DPO from different
data sources have been developed and the quélitgtlse and comprehensiveness of
available data sources differ largely across coestit is therefore not possible to provide
default procedures in sufficient detail. The follogyrecommendations are of a more general
nature and will inevitably leave some questionsngagred. It certainly will require the
judgment and creativity of the practitioner to gpiplese general rules to the specific national
situation. It is good practise to specify cleaHg assumptions made and the data sources
used, so that the issue of completeness can beagedl In particular this applies to the

estimation of CQemissions, as they by far dominate both DPO andseoms to air.
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F.1. Emissions to air

Table 23: Domestic processed output: emissions to a ir (refers to Table F1 in the MFA

guestionnaire)

1 digit 2 digit 3 digit

F.1 Emissions to air

F.1.1 Carbon dioxide (CO2)

F.1.1.1 Carbon dioxide (CO2) from
biomass combustion

F.1.1.2 Carbon dioxide (CO2)
excluding biomass combustion

F.1.2 Methane (CH4)

F.1.3 Dinitrogen oxide (N20)
F.1.4 Nitrous oxides (NOXx)
F.1.5 Hydroflourcarbons (HFCs)
F.1.6 Perflourocarbons (PFCs)
F.1.7 Sulfur hexaflouride

F.1.8 Carbon monoxide (CO)

F.1.9 Non-methane volatile organic
compounds (NMVOC)

F.1.10 Sulfur dioxide (SO2)
F.1.11 Ammonia (NH3)
F.1.12 Heavy metals

F.1.13 Persistent organic pollutants
POPs

F.1.14 Particles (e.g PM10, Dust)

Introduction

Emissions to air are gaseous or particulate méddeeéeased to the atmosphere from
production or consumption processes in the econtmyFA emissions to air comprise 14

main material categories on the 2digit level, asshin the table 22.

Data sources

Statistical reporting on air emissions has a neddifishort history as compared to agricultural,
mining or trade statistics. As a consequence data @ifferent sources are less harmonized

and gaps in the historical record are likely touscés a general rule in MFA it is recommend
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to use national data sources. The following sediioefly describes three important
inventories for emissions to air that are basedaimonal data, and subsequently compiled in
international data bases.

1. National greenhouse gas inventories in the commomamework of IPCC: The
national inventories cover emissions to air thateha greenhouse gas potential, i.e.
contribute directly and indirectly to global warrginCountries which signed the UN
Framework Convention on Climate Change (UNFCCCYegeested to compile their
national greenhouse gas inventories according ¢oréspective IPCC (International
Panel on Climate Change) guidelines, i.e. in tharmon reporting format (CRF). The
latest revision of these guidelines was publishe®006 (IPCC 2006) and covers
sources and sinks of the direct greenhouse gases (Cfdbon dioxide), CH
(methane), BO (dinitrogen oxide), HFC (hydrofluorocarbons), PFC
(perfluorocarbons) and $Ksulphur hexafluoride) as well as the indirectegigouse
gases N@ (nitrogen oxides), NMVOC (non-methane volatile arigacomponents),
CO (carbon monoxide), and $@ulphur dioxide). Country specific data are avada
at UNFCCC [ittp://unfccc.int/2860.php

Please notelPCC resp. UNFCCC report data based on the tgrnionciple, and if
used as data source need to be converted to tdemes principle, e.g. using “bridge
tables” as described in the Eurostat Manual Air &€&mins Accounts (Eurostat 2009a).
General information on the implications of the desice principle for EW-MFA
accounts and required adjustments can be fourtteifuhdamentals chapter of this

guide and the chapter dealing with imports and gspo

2. CORINAIR (CORe INventory of AIR emissions): Air emission data are also
complied under the UNECE convention on long ranmgesboundary air pollutants
(LRTAP). The focus of this convention is on classiair pollutants. For European
countries air emission data for the LRTAP are atéld in CORINAIR a project of the
European Topic Centre on Air Emissions and the EE®RINAIR includes the
pollutants CO, NH NMVOC, NO, PM10, PM2.5, S©® and it provides cross
references to the Integrated Pollution Preventioth @ontrol (IPPC) coding formats.

Data for European countries can be accessed via(Eff#//www.eea.europa.gu

Please noteLike UNFCCC data, CORINAIR data are based on ¢hetory
principle, and if used as data source need to beerted to the residence principle.
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3. Air emission accounts (NAMEA - national accounting matrices including
environmental accounts) In NAMEA environmental information is complied
consistently with the way activities are represemtethe supply and use framework of
the national accounts. NAMEA air thus provides amission data by economic
activity. In Europe NAMEA air data are compiledthe national level by statistical
offices and collected by EUROSTATt({p://epp.eurostat.ec.europg.eAs NAMEA

is a framework linking emissions to the input-outgtamework of the national
accounts, the data structure and the applied coiovsnare somewhat different from
the traditional emission inventories as e.g. theROMAIR and the IPCC statistics, to

ensure the comparability of NAMEA to the input auitframework.

Please noteNAMEA air emissions data are in line with the desice principle, and if
available should be used as primary data source\WpMFA. Please refer to the
Eurostat Manual Air Emissions Accounts (2009).
The three accounting systems serve different pepand therefore reveal differences in
coverage and accounting conventions. Often a caatibimof data source will be necessary to
fillin F1 in table D. The most important pointsdonsider when using data from emission

inventories for MFA are discussed in the next secti

Conventions

Terminology and classification:The terminology for emissions to air follows intational
harmonised standards of IPCC, CORINAIR or NAMEA.

System boundariesin defining the system boundary for emissions tatas important to
ensure that this definition for the output sideassistent with the definition for the input side
and with the definition of societal stocks. As agel rule the categoryemissions to air”
indicates the total weight of materials which ateased to the air by national resident units
on the national economic territory and abroad. &lae somexceptionsto be taken into

account:

* All emissions to air listed under G.Butput balancing itemg are not included in
DPO.

» Emissions from fertilizer applications are not included in DPO, as this would

represent double counting with “dissipative uses”.

* NO emissions from product use and NMVOC emissions bysolvents are

accounted for in “dissipative use of products” adlin “emissions to air”.
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Emissions from fuel for use on ships or aircrafjaged in international transport are
called international bunkers. The quantity of these emissions, predominantly
consisting of CQ from fossil fuel combustion, may be negligible Bmme countries
and very significant for others. These emissioraukhbe included in DPO. A note
containing a clear description of the used datacesuand applied assumptions is

instrumental here.

Please noteThe MFA system boundary is not necessarily idehtcth the system

boundaries applied in the above mentioned emisai@antories. There are several points to

consider when using emissions inventories.

IPCC and CORINAIR inventories are based on theteeyr principle and account for
anthropogenic emissions from the economic tegjitahereas NAMEA accounts for
economic activities of residents, regardless whethey are active on the national
economic territory or abroad (i.e. applying theidesce principle; NAMEA also

includes CQ emissions from international bunkers). If IPCC /andCORINAIR data

are used, adjustment to ensure consistency withietksidence principle are required.
For these adjustments data reported in the “bridfées” of air emissions accounts
(cf. Eurostat’'s (2009aManual Air Emissions Accountsan be used for these
adjustments. In general, it is recommended to USBIEA air emissions accounts as

primary data source for all relevant emissionsreeghouse gases and air pollutants.

IPCC reports usually totals GWP (global warming gmbial) measured in GO
equivalents and not in metric tonnes. In additithe totals reported in the national
greenhouse gas inventories are calculated accoriting complex set of rules,
specifying the recognition of sinks and the inabmsor exclusion of certain emissions.
It is therefore necessary to use the underlyingnitories rather than the totals for
compiling emissions to air. It is also advisable refer to the methodological
guidelines (IPCC 2006) in order to check what iduded or not in the data. IPCC
recommends reporting emissions from internationaklers separately and not as part

of the totals.

Estimations: Estimations are necessary if data are not availalittnnes or if emissions have

to be estimated directly from input data by usingfticients. Estimations might also be

necessary for longer time series. In rare casessamni data are reported without oxygen

content (e.g. as carbon instead of;@hey have to be converted using stoichiometric

equations. In this guide we do not describe anynesion procedures for emissions to air.
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However, some important stoichiometric equatiomsraported in the chapter on balancing
items. Should estimations become necessary, ptetseo the Eurostat Manual Air
Emissions Accounts (Eurostat 2009a).

Oxygen content:Oxygen is drawn from the atmosphere during fdsgll combustion and
other industrial processes. Overall, the amoumixgfen uptake from the atmosphere during
production and consumption is quite substantialaswbunts for approximately 20% by
weight of material inputs to industrial economibka(thews et al. 2000). In MFA, this
atmospheric oxygen is not included in the totalsheninput side (DE, DMC, and DMI) but it
is included in the totals on the output side (DPe reason is that oxygen is a constituent
part of the pollutants and greenhouse gases, amdhise emissions are usually reported and
analysed with their oxygen content. To arrive atlamass balance, the missing oxygen on

the input side is reported as input balance itesas ¢hapter on table G).

Data compilation

F.1.1 Carbon dioxide (CO »,)

Carbon dioxide is a naturally occurring gas. k& isonstituent part of the atmosphere and
plays a decisive role for the metabolism of alirtyspecies. C@serves as a nutrient for
plants and is a metabolic residual for animals.sTjplant and animal metabolisms together
constitute a dynamic equilibrium that is able tex€Q concentrations in the atmosphere
within a narrow range. The industrial metabolisnajmy by combusting huge amounts of
fossil fuels, entails enormous net releases of @M the atmosphere. This G@ the

principal anthropogenic greenhouse gas that affeet&arth’s radiative balance. It is the
reference gas against which other greenhouse geseseasured and therefore has a Global
Warming Potential of 1.

Please note!CO, represented 77% of the global warming potentiallofreenhouse gas
emissions in 2004 (IPCC 2007), and it constitutaties 90% of the weight of all emissions to
air in industrial economies in the late 1990ies tiaws et al. 2000). Apparently G{3 not
only the most important part of DPO in terms ofipplelevance. C@also dominates the
guantity of overall DPO: It is therefore good praetto concentrate most of the effort on the
CO, account. Provided careful consideration of thdiagsystem boundaries in each case,
inventory data from NAMEA air emissions should [sed. To assure correct accounting, it

may be advisable to consult a national expert.
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F.1.1.1 Carbon dioxide (CO ,) from biomass combustion
This subcategory includes:

* Biofuels like biodiesel and bioethanol,

* biogas (which may be used both as a biofuel aradfasl! for producing electricity and
heat),

» biomass for electricity and heat, mainly wood agdaaltural harvest residuals,

» biomass used in rural areas of developing countegsecially fire wood and residuals
or wastes from agriculture and forestry, also reféto as traditional biomass (REN21
2005).

* Please note'This categoryloes not include

o0 CO, emissions form land use and land use changes:eTit®ss cannot be
accounted for with an input side equivalent. Indf¢hey are considered flows

within the environment.

o0 CO, emissions from human or animal respiration, they eonsidered as

output balancing items (see chapter G).

F.1.1.2 Carbon dioxide (CO ,) excluding biomass combustion

This category includes G@missions from both energetic and non-energeticlnotic
sources.

Please note!CO, emissions froninternational bunkers should be included under F.1.1.2
Theseemissions may be estimated following the guidelwfid®CC (2006). The applied
assumptions and data sources used should be a=bkorib footnote.

F.1.2 Methane (CH )

Methane, a hydrocarbon, is a greenhouse gas prodiiceigh anaerobic (without oxygen)
decomposition of waste in landfills, animal digestidecomposition of animal wastes,
production and distribution of natural gas and @l production, and incomplete fossil-fuel
combustion.

Please noteMake sure that methane emissions from uncontrddledfills are not included

in the “emissions to air” total. They may be repdras a separate memorandum item.
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F.1.3 Dinitrogen oxide (N ,0)

Dinitrogen oxide is a colourless non-flammable géth a pleasant, slightly-sweet odour. It

is used in surgery and dentistry for its anaestleetd analgesic effects, where it is commonly
known as laughing gas due to the euphoric effdatshaling it. It is also used as an oxidizer
in internal combustion engines,® acts as a powerful greenhouse gas.

Please noteMake surenot to include:

* N0 emissions from product use which should insteadllocated to "dissipative use

of products”, and

* N0 emissions from agriculture and from wastes touatrolled landfills.

F.1.4 Nitrous oxides (NOx)
Nitrogen dioxide is the chemical compound N@is one of several nitrogen oxides (NOX).
This orange/brown gas has a characteristic shanpg lodour. NQ is one of the most
prominent air pollutants and a respiratory poison.

F.1.5. Hydrofluorocarbons (HFCs)
HFCs are commercially produced gases used as ttstéd®r chlorofluorocarbons. HFCs
largely are used in refrigeration and semiconduetanufacturing.

F.1.6. Perfluorocarbons (PFCs)
PFCs are by-products of aluminium smelting andiurarenrichment. They also replace
chlorofluorocarbons in manufacturing semiconductors

F.1.7. Sulfur hexafluoride
Sulfur hexafluoride is largely used in heavy indy$b insulate high voltage equipment and
to assist in the manufacturing of cable-coolingeays.

F.1.8. Carbon monoxide (CO)

CO is a colourless, odourless, and tasteless g@asclt is the product of the incomplete
combustion of carbon-containing compounds, notablgternal-combustion engines. It still
has significant fuel value, burning in air with laacacteristic blue flame, producing carbon

dioxide. CO is valuable in modern technology, bamgecursor to myriad products.
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F.1.9. Non-methane volatile organic compounds (NMVOC)

NMVOC is the abbreviation for non methane volatitfganic compounds. They easily
vaporise at room temperature and most of them haw®lour or smellPlease note!
NMVOC emissions of solvents are included in "diasiNe use of products” and not in

“emissions to air”.

F.1.10. Sulfur dioxide (SO »)

Sulphur dioxide is a colourless gas with a penietgathoking odour. It dissolves readily in
water to form an acidic solution (sulphurous aed{l is about 2.5 times heavier than air.

F.1.11. Ammonia (NH 3)

In its pure state and under usual environmentaditions, ammonia exists as a colourless,
pungent-smelling gas. It is alkaline, caustic andratant. Under high pressure, ammonia can
be stored as a liquid. It is highly soluble in watereacts with acids to form ammonium salts.

Please noteAmmonia emissions from agriculture are not inchlide“emissions to air”.

F.1.12. Heavy metals

There are several different definitions of whicameénts fall in this group: According to one
definition, heavy metals are a group of elementa/éen copper and bismuth on the periodic
table of the elements having specific gravitiesatggethan 4.0. All of the more well-known
elements with the exception of bismuth and goldtaxe.

F.1.13. Persistent organic pollutants (POPS)

Persistent organic pollutants (POPSs) are orgamtpoainds that are resistant to
environmental degradation through chemical, biaalgiand photolytic processes. Because of
this, they have been observed to persist in the@mwent, to be capable of long-range
transport, bio-accumulate in human and animal ¢isbio-magnify in food chains, and to

have potential significant impacts on human heaittth the environment.

In May 1995, the UNEP Governing Council (GC) dedide begin investigating POPs,

initially beginning with a short list of twelve PGPwhich has been extended since then. The
groups of compounds that make up POPs are alssedas PBTs (Persistent,

Bioaccumulative, and Toxic) or TOMPs (Toxic OrgaNro Pollutants).
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F.1.14. Particles (e.g. PM10, Dust)

PM10 are patrticles that vary in size and shapeg laadiameter of up to 10 micronsand are
made up of a complex mixture of many different sgeacluding soot (carbon), sulphate
particles, metals, and inorganic salts such asaéa

F.2. Waste landfilled

Introduction

By definition, waste refers to materials that anéprime products (i.e. products produced for
the market) and which are of no further use togdseerator for purpose of production,
transformation or consumption. The generator dads;antends or is required to discard these
materials. Wastes may be generated during theatitnaof raw materials, during the
processing of raw materials to intermediate andl fonoducts, during the consumption of
final products, and in the context of other acigt

The MFA gquestionnaire distinguishes between muala@nd industrial waste and accounts

for both of these only if they are discharged toantrolled landfills (see table 23):

Table 24: Domestic processed output: waste landfill ed (refers to Table F.2 of the MFA

guestionnaire)

1 digit 2 digit 3 digit

F.2 Waste land filled

(uncontrolled)

F.2.1 municipal waste (uncontrolled)

F.2.2 industrial waste (uncontrolled)

A landfill is defined as a deposit of waste intoootto land, both in the form of a specially
engineered landfill and of temporary storage fogramne year on a disposal site. These may
be either internal (i.e. the waste is generateddispubsed at the same site) or external
(Eurostat 2005).

A controlled landfill is one whose operation is @b to a permit system and to technical
control procedures in accordance with the natitegitlation in force. The sites of controlled

landfills are specifically modified and maintainied this purpose. For the purposes of MFA,
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only waste disposed of outside of these contrdlegs should be accounted for. This refers to
so-called “wild“ dumping which should be reporteater F.2 if data available.

The following flows are excluded:
* Residuals directly recycled or reused at the ptdaggeneration.

* Waste materials that are directly discharged intibiant water or air. They are

accounted for in emissions to air or water respebti

* Waste that was generated by unused extraction.réfess mainly to soil excavation

in constructions and to overburden from mining godrrying.

* Waste incinerated. This flow is already accountedrf emissions to air.

Data sources

First and foremost, national waste statistics sthbel used to acquire data for waste to
uncontrolled landfills.

A recent overview on waste statistics data for paam countries can be found in the Eurostat
2005 publication “Waste generated and treated nofi@i— Data 1995-2003". This report
provides data for municipal waste landfilled witbog coverage with respect to both
countries and time (1995 to 2003). Data for indaktvaste landfilled are still scarce. In some
sources the amounts of waste disposed in contrialfetfills are shown separately from the
total amounts landfilled, so that the difference ba taken for the amounts disposed in
uncontrolled landfills.

The ETC Resource and Waste Management provides tinkternational

(http://waste.eionet.europa.eu/wastebase/interraltidatabas¢snd national

(http://waste.eionet.europa.eu/wastebase/nationabased waste databases which may

provide additional sources for data on uncontroligetifills.
The distinction between waste that goes to comriadind uncontrolled landfills, however,

may be difficult and may require consultation ofioi@al experts.

Conventions

System boundariesThere are two important system boundaries to beidered when
accounting for waste as part of DPO. Only wastediépd inuncontrolled landfills (wild
dumping) is an output to nature and therefore @lalltPO. Consequently, emissions from
uncontrolled landfills are not considered as thagild constitute double counting.
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In contrastcontrolled, i.e maintained, landfills must be considered pathe socio-
economic system. Therefore, wastes deposited imattau landfills should be accounted for
as an addition to stock.

While this distinction is accepted on conceptualgds, the Eurostat MFA task force
admitted that it might difficult to separate comited from uncontrolled land fill in practical
terms. In addition, the direct application of targument to other areas of material flow
accounting would imply changing the definitionsif?O and NAS. We therefore recommend
to show the net material additions to controlledfdls as a memorandum item and to
exclude them from the indicator NAS.

Estimations: Estimations may become necessary for industriatesdandfilled (see Data
Compilation).

Water content: Wastes are commonly reported in wet weight (inicigdvater content). If
this waste flow is of substantial quantity, an ¢ should be made to additionally provide
the dry matter value (EC 2002).

Data compilation

Waste statistics or other sources may report tia anounts of waste to uncontrolled
landfills directly. If this is the case, these figs for waste landfilled should be taken as totals
for the accounting of F.2 without further distiretibetween municipal waste and industrial
waste. If this is the case, this information shdagdncluded in a footnote.

The current status of European data is describ&aiinstat (2005). There, data for waste
landfilled are provided only for non-hazardous wdsbm the manufacturing industry, and
only sporadically for countries and years. Datawaste landfilled from energy production
and water supply, from the construction sectomfagriculture, forestry and fishery, from
mining and quarrying, and from the service and joud®@ctor are not included at all.

It may therefore be necessary to perform estimatibnational sources do not provide better
data. These estimates could concentrate on thenauo positions, waste landfilled from the
manufacturing industry and waste landfilled fronmsiouction.

Waste landfilled from the manufacturing industryeported for some European countries
and years by Eurostat (2005). Using data for tlhegvalue added in the same year by the
manufacturing industry (e.g. data from NewCronts,amount of waste landfilled per unit
GVA can de derived (in tonnes waste per Euro gvaiise added). Then, the amount of waste
landfilled can be estimated by multiplying the tesrof waste per Euro GVA with the total

amount of gross value added by the manufacturidgstmy in a given year.
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The estimate for waste landfilled from constructfoonstruction and demolition waste
excluding excavated soil — see below) can be paedrin a similar way,. Eurostat, however,
does not provide data for construction waste ldledfso far. These data have to be derived
from specific national sources. A respective dagalshould be established.

Please noteOnly waste to uncontrolled landfills should be tmad under F.2. If no specific
data are available, national experts should beuttaas If no reliable information can be
found on waste discharged to uncontrolled landfiis industrialized economies, the
assumption can be made that only controlled lasdiile used.

Construction and demolition waste includes rublle ather waste material arising from the
construction, demolition, renovation or reconstiatof buildings or parts thereof, whether
on the surface or underground. It consists maiflyudding material and soil, including
excavated soll. It includes waste from all origamsl from all sectors of economic activity.
For the requirements of economy-wide MFA, excavat@thas to be omitted from the
figures for construction and demolition waste. Esatad soil or earth represents a material
flow of the unused domestic extraction type whiehat part of the direct material inputs to
the economy and must therefore also be excluded tihe domestic processed output of the

economy.

F.3 Emissions to water

Introduction

Emissions to water are substances and materialssesd to natural waters by human activities
after or without passing waste water treatment.ofloting for only 1%, emissions to water
represent the smallest category of DPO (Mattheves. @000). In the context of a full

material balance of a national economy it is treneetufficient to roughly estimate emissions

to water.
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Table 25: Domestic processed output: emissions to w ater (refers to Table F.3 of the

MFA questionnaire)

1 digit 2 digit 3 digit

F.3 Emissions to water

F.3.1 Nitrogen (N)

F.3.2 Phosphorus (P)

F.3.3 Heavy metals

F.3.4 Other substances and (organic)

materials

F.3.5 Dumping of materials at sea

Data sources

NAMEA-water, emission inventories, and environméngports are the main data sources for
emissions to water. It should be noted that siegisin water pollution commonly use a
specific reporting terminology. While the inorgapiallutants nitrogen and phosphorus as
well as heavy metals are commonly reported as eltsperganic pollutants are reported as
compounds by using various indirect aggregate atdis. Due to the minor quantitative
importance of emissions to water in the overallanat flow accounts, the estimation of

specific balancing items is not necessary.

Conventions

Terminology and classification: The MFA classification for emissions to water regamets an

aggregation of the main categories reported irethessions statistics.

System boundaries

Emissions to water are materials which cross thentary from the economy back into the
environment with water as a gateway. Thereforessioms to water should be accounted for
at the state they are in upon discharge to the@mvient. Where waste water treatment
occurs, this refers to the post-treatment statee@ise, it refers to the substances or

materials directly released to the environmentwager. It should be noted that statistics on
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water pollutants traditionally focused on the carication of the pollutants in the water
bodies. Attention must therefore be paid to inatgdonly data orflows of pollutants into the
water bodies (normally measured in quantity per)yaad not data on pollutanbncentration

in the water bodies (normally measured in quamtgsyvolume).

Data compilation

F.3.1 Nitrogen (N)

Total nitrogen (N) stands for the sum of all nitagcompounds. Nitrogen from agriculture is
not included in the category emissions to waterbse it is already included in the category
“dissipative use of products” as nitrogenous fiseils. N-emissions to water include

emissions by waste water from households and indust

F.3.2 Phosphorus (P)

As with nitrogen, total phosphorus (P) stands lher$um of all phosphorus compounds. P-
emissions to water include emissions by waste weiar households and industry and do not
include emissions from agriculture, as these aagnagcluded in category “dissipative use of

products” as phosphorus fertilisers.

F.3.3 Heavy metals

Heavy metals may come from municipal and industhistharges. For example, for Germany
the share of municipal emissions in total discharfgegeavy metals is 77 % on average
(between 62 % for lead and almost 93 % for mercurgg most important industrial source is
the chemical industry with 40 % of the total indigtdischarge (B6hm et al. 2000).

F.3.4 Other substances and (organic) materials

Organic substances are commonly reported in watessgon inventories as indirect summary
indicators. The most commonly used are BOD (biaalgdxygen demand), COD (chemical
oxygen demand), TOC (total organic carbon), or A@#sorbable organic halogen
compounds)Please notelAll of these indicators measure organic substancester by

each using a different indirect method. The valeg®rted for these indicators should
therefore neither be included directly in MFA nbosld they be aggregated. It is necessary
to:

(1) Make a decision as to which of the indicatorsite. Our recommendation is to take TOC,
if available, as it is the most comprehensive arsive indicator.
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(2) Convert the reported quantity which indiredtigicates the amount of organic substances

into the quantity of the organic substance itsgltibing a simplified stoichiometric equation.

F.3.5 Dumping of materials at sea

Dumping of materials at sea is not a common repgformat. If data are not available, this
category may simply be left blanRlease noteAttention should be paid not to include
materials which are part of the unused domesti@etion, like dredging, in order to be

consistent with the material input side.

F.4. Dissipative use of products

Introduction

“Some materials are deliberately dissipated ineoghvironment because dispersal is an
inherent quality of product use or quality and aatrivze avoided” (Matthews et al. 2000, p
27). Examples of dissipative use flows are inorgamd organic fertilizers such as manure,

compost, or sewage sludge.

Table 26: Domestic processed output: dissipative us e of products (refers to Table F.4

of the MFA questionnaire)
1 digit 2 digit 3 digit

F.4 Dissipative use of products

F.4.1 Organic fertiliser (manure)
F.4.2 Mineral fertiliser

F.4.3 Sewage sludge

F.4.4 Compost

F.4.5 Pesticides

F.4.6 Seeds

F.4.7 Salt and other thawing materials
spread on roads (incl grit)

F.4.8 Solvents, laughing gas and other
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Matthews et al. (2000) were the first to make @enapt to account for these flows as part of
an MFA. Their results for 1996 show, for examptattapplied mineral fertiliser ranged from
17 kilogram per capita and year in Japan to ardurtidkg/cap in Austria and Germany,
spread manure from 105 kg/cap in Japan to 2282aggdrcthe Netherlands, sewage sludge
from 4 kg/cap in the Netherlands to 13 kg/cap imn@ay, pesticides from 0.4 kg/cap in
Germany to 3 kg/cap in Austria, and grit materfedsn 26 kg/cap in Germany to 134 kg/cap

in Austria.

Data sources

Data on dissipative use of products are rarelyntedan official statistics. Data on the
consumption and use of mineral fertiliser, pesésicor seeds may be found in agricultural
statistics. Data for organic fertiliser usually baw be estimated. Data for sewage sludge,
compost, and salt and other thawing materials adsonay be reported in statistics or reports
on the environment or in specific studies. Natiaiakemission inventories commonly include

data for emissions from the use of solvents agd &k a product.

Conventions

Water content: Organic fertiliser (manure) spread on agricultlmad should be reported in
dry weight. If reported with water content, an atpe should be made to convert the data to
dry matter. The same holds true for sewage sluddeampost.

Data compilation

F.4.1 Organic fertiliser (manure)

Manure is organic matter, excreted by animals, Wwisaised as a soil amendment and
fertilizer.

Manure spread on agricultural land is usually matat sufficiently reported in agricultural
statistics and has to be estimated (see e.g. Matheal. 2000). An estimate could be based
on the number of livestock by type multiplied witle manure production per animal per year
and a coefficient to correct for dry matter. Exaespilor required coefficients are given in
table 26.
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Table 27: Daily manure production coefficients

Manure production per Dry matter of manure
animal per day in kg 1= Wet weight
Dairy cows 70 0.085
Calves 17 0.05
Other bovine 28 0.085
Pigs for slaughtering 7 0.071
Pigs for breeding 26 0.028
Other pigs 8 0.071
Sheep 7 0.07
Horses 7 0.07
Poultry 0.2 0.15

Source: Meissner 1994

F.4.2 Mineral fertiliser

The fertiliser industry is essentially concernethvthe provision of three major plant
nutrients - nitrogen, phosphorus and potassiunplant-available forms. Nitrogen is
expressed in the elemental form, N, but phosphandspotassium may be expressed either as
the oxide (RPOs, K;O) or as the element (P, K). Sulphur is also seggl large amounts,
partly through the sulphates present in such pitscag superphosphate and ammonium
sulphate.

Accordingly, agricultural statistics commonly repdomestic consumption in agriculture of
specified nitrogenous fertilizers, phospate fextits, and potash fertilizers, and multi-nutrient
fertilizers (NP/NPK/NK/PK). FAOSTAT e.g. reportstragenous fertilizers, phosphate
fertilizers, and potash fertilizers for the EU. Batostly refer to nutrient content of fertilisers.
A fertiliser often not reported is lime (e.g. inrégtry) for which specific sources should be
checked.

In principle, the accounting of fertilisers and fp@des would have to be for the total masses.
Statistics, however, commonly report fertilisersutrient contents (e.g. N,P,K) and
pesticides in active ingredients contents. In caskipliers to total weight are known, the

account should be based on total weights.
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F.4.3 Sewage sludge

Sewage sludge refers to any solid, semi-solidgoid residue removed during the treatment
of municipal waste water or domestic sewage. Algfoi is useful as a fertiliser and soill
conditioner, sewage sludge, if applied inapprophatan also be potentially harmful to the
water and soil environment and human and animdtteélhe application of sludge on
agricultural land is therefore subject to strigukations in many countries.

Sewage sludge spread on agricultural land may@texl in environment statistics or in
specific studies. Sewage sludge should be reportéd/ weight. If reported in wet weight, a

water content of 85% may be assumed for convetsiainy weight.

F.4.4 Compost

Composting refers to a solid waste management igehhat uses natural processes to
convert organic materials to humus through theoaatf microorganisms. Compost is a
mixture that consists largely of decayed organittenand is used for fertilizing and
conditioning land.

Compost may be reported in agricultural statisiitgnvironment statistics, or in specific
studies. Compost should be reported in dry weifjineported in wet weight, a water content
of 50% may be assumed for conversion to dry weight.

F.4.5 Pesticides

A pesticide is commonly defined as "any substamgaigture of substances intended for
preventing, destroying, repelling, or mitigatingygrest". A pesticide may be a chemical
substance or biological agent (such as a virusotenia) used against pests including insects,
plant pathogens, weeds, molluscs, birds, mammasals,fematodes (roundworms), and
microbes. Pesticides are usually, but not alwagisgmous to humans. An extensive list and
data of pesticides is provided in the PAN PestkibDatabase

(http://www.pesticideinfo.org/List_ChemicalsAlphajs

Agricultural statistics commonly report quantit@spesticides used in (or sold to) the
agricultural sector. Figures are generally expregseéerms of active ingredients. If
multipliers are available, these figure should beverted to total mass.

F.4.6 Seeds

Seeds are the encapsulated embryos of floweringl&eeds for agricultural production are
a common position in agricultural statistics (é¢cgm FAO food commodity balance sheets).
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F.4.7 Salt and other thawing materials spread onro  ads (incl. grit)

First estimations for these flows were carriedfoutAustria and the U.S. (Matthews et al.
2000). In Germany, for example, the use of saltoaals is recorded on the level of
municipalities and reported nation-wide in specsfiedies. If data are not available, this

position may be neglected.

F.4.8 Solvents, laughing gas and others

This category includes emissions from use of satv/én particular NMVOC) and YD as a
product (for anaesthesia).

Data for NMVOC solvents emissions can e.g. be tdf@n national inventory reports to
UNFCCC from the CRF reporting categories:

3.A Paint application

3.B Degreasing & dry cleaning

3.C Chemical products manufacture & processing

3.D Other

N2O (laughing gas) for anaesthesia is included inghD its specific values may be extracted

from detailed countries’ air emissions databases.

Specific issues related to dissipative use of produ cts

Manure produced versus manure spread on fieldaNot all manure produced is actually
spread on agricultural land. A part is lost frora #tonomic system as emissions to water.
The ISTAT estimated this loss at 5% (Barbiero eR@03) and reported it under emissions to
water. Furthermore, manure loses some of its weighhg stockpiling due to emissions to
air (nitrogen compounds, methane and NMVOC, pdxylgombination with atmospheric
gases). The DPO account may be corrected for tiesenission losses from manure if
information is available or a feasible estimatisogedure has become available.

Compost in private householdsHouseholds may compost organic materials prewousl
purchased (i.e., biomass that was recorded omghg side). Such composting is usually not
recorded in statistics. If relevant for this DPQ@egpry, an estimate would have to be added

on the output side.
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F.5 Dissipative losses

Introduction

Dissipative losses are unintentional outputs ofemials to the environment resulting from
abrasion, corrosion, and erosion at mobile andstaty sources, and from leakages or from
accidents during the transport of goods.

There are only very few data available internatiigndatthew et al. (2000) report estimated

data for the abrasion from tires for Austria, Gengnand USA.

Table 28: Domestic processed output: dissipative lo sses (refers to Table F5 of the

MFA questionnaire)

1 digit 2 digit 3 digit

F.5. Dissipative losses (e.g abrasion from tires,

friction products, buildings and infrastructure)

F.5. Abrasion from tires, friction products, buildings and infrastructures and others
This category includes various types of dissipaflioes. Many of them have never been
guantified. It is recommended to fill in only thodata that can be provided with a justifiable

effort.

» Abrasion from tires is rubber worn away from caegsi The procedure applied in the

Austrian case study in Matthews et al. (2000) udath from transport statistics

together with a coefficient of 0.03 g/km for theeseage abrasion per tire, taken from a

special study on ecology and road traffic in Awstri

» Particles worn from friction products, such as lesaland clutches, so far have never

been addressed in MFA.

 Losses of materials due to corrosion, abrasion, armkion of buildings and

infrastructure are probably a quantitatively reld@vposition, and they appear to be

relevant under environmental aspects as well. 3ptfere is no comprehensive

approach to account of these flows. Single aspetsosses due to leachate of copper

from roofing or paints from construction have be&mdied, though. Such studies may

serve as a starting point towards more compreheragicounts of material losses of

this kind.
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» Dissipative losses may also result from the trarisgiogoods. In German statistics, for

example, the amount of chemicals irreversibly thet to accidents during transport is

reported.

* Another position may be leakages during (natura@$ gipeline transport (if not

reported as emissions to air). Data may be repantedecific studies.
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Table G: Balancing items and net additions to stock

Introduction

Some material inputs and material outputs whictpareof DMI and DPO are not
sufficiently counterbalanced on the respective sfipside of the material balance. For
example, carbon contained in an energy carriesnsbrsted and the G@s counted on the
output side. This requires adding thedd the input side to arrive at a correct bala@re.
energy carriers on the material input side conaater which is released through combustion
as water vapour on the output side and needs aolded there as a balancing item.

These additional inputs and outputs that are neededmpile a full mass balance are
significant mass flows, as can be seen from Fiuie MFA they are called balancing items.
They are reported in specific tables and are redtided in the aggregate indicators. A
comprehensive and accurate estimation of balant@ngs is instrumental when the indicator
NAS (net additions to stock) is calculated as tiffeidnce between total inputs and total
outputs.

Figure 3: Balancing inputs with outputs: Austria 19 96

Input Output balancing
balancing items
items B3 tonnes/icapta

Exports 3 6 tonnes/capita
1354 tonsfcapita P i >

. DPO to air
m DPO 11.1 tonnes/capita

MNAS

& tonnesicap

Dl <

.

Source: Institute for Social Ecology data base
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G.1. Balancing items: Input side — Gases and water

Introduction

Balancing items on the input side account for tHuses of water and air that are accounted
for in DPO but not in DE or imports. The main preses concerned are combustion of fuels,
respiration of humans and livestock, and the prodnof ammonia via the Haber-Bosch
processPlease noteAlso water requirements for the domestic productibaxported
beverages may be a relevant balancing item foinihg side in some countries. The amount
of water withdrawn from the domestic territory ntzey estimated based on export data.
However, so far no reliable method has been regpdotethis item. Compilers are encouraged
to contribute their experience with this issueh® further development of adequate methods.

Data compilation

G.1.1 Oxygen for combustion processes

Step 1:0xygen for combustion processes can be calcusdtechiometrically from respective
data for emissions of GOCO, SQ, N.O and NQ from combustion:

C+0O,— COyie. 12 + 32 = 44, amd). 727 oxygen per CO2

C+0—CO,i.e. 12 + 16 =28, and.571 oxygen per CO

S+Q — SO, i.e. 32 + 32 = 64, arrD.5 oxygen per SO

2N + O— N0, i.e. 28 + 16 = 44, areD.364 oxygen per O

N+ O, — NO;, i.e. 14 + 32 = 46, ardd.696 oxygen per NO

The required data for emissions from combustiorukhbe taken from the DPO account.
They are multiplied with the above factors for ogggper substance emitted to obtain oxygen

for combustion processes.

Step 2:In addition, oxygen is required for combustiortle# hydrogen (H) contents of energy
carriers, with the resulting emission being watgpaur (HO):

2H + O— H,0, i.e. 2 + 16 = 18, arrl.889 oxygen per #D from H.

For this, hydrogen contents of energy carriers asstenl and the resulting emissions of water
vapour have to be determined. Table 28 providempiagy values from German emission

inventories for the respective oxygen demand.
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Step 3:Total oxygen for combustion is finally calculatezithe sum of the amount calculated

in step 1 (related to emissions of £QG0, SQ, N.O and NQ) and step 2 (kD from H).

Table 29: Oxygen demand for oxidation of H compound

of energy carriersto H ,0

Energy carrier

Oxygenintpert

energy carrier

Sewage gas/ Biogas/ Landfill gas 1.57
Hard coal 0.37
Coke (hard coal) 0.06
Hard coal briquettes 0.33
Brown coal, crude 0.15
Dust- and dry coal 0.33
Hard brown coal 0.32
Brown coal briquettes and -coke 0.33
Mine gas 1.57
Coke oven gas 1.57
Natural gas, Crude oil gas 1.83
Gasoline 1.14
Diesel 1.06
Aviation gasoline 1.19
Fuel oil, light 1.07
Fuel oil, medium and heavy 0.93
Liquid gas 1.41
Refinery gas 1.71
Other solid fuels 0.40
Blast furnace gas 0.02

Source: derived from Frischknecht et al. 1994, Kugeler et al. 1990, Osteroth, 1989.
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G.1.2 Oxygen for respiration (of human and livestoc k)

Oxygen for respiration can be calculated usingdseshcoefficients based on population
numbers and livestock numbers (see table 29).

Table 30: Metabolic oxygen demand of humans and liv  estock

Oxygen demand for respiration t Q per capita resp. head
and per year
Humans 0.25
Cattle 2.45
Sheep 0.20
Horses 1.84
Pigs 0.25
Poultry 0.01

Source: Wuppertal Institute data base, based on Matthews et al. 2000.

G.1.3 Nitrogen for Haber-Bosch process

The Haber-Bosch process designates the reactioirofjen and hydrogen to produce
ammonia. Nitrogen is obtained from the air, andrbgen is obtained from water and natural
gas in steam reforming. Via this process aroundrbiliion tonnes of artificial fertilizer are
produced every year, mostly in the form of anhydraonmonia, ammonium nitrate, and urea.
Fertilizer produced in the Haber-Bosch processsponsible for sustaining 40% of the
Earth's population. Roughly 1% of the world's egegpply is consumed in the
manufacturing of this fertilizer (Smith 2002).

The nitrogen (N) and hydrogen (H) are reacted aweron catalyst (Fe) under conditions of
250 atmospheres (atm) and 450-500°C.:

N2(g) + 3H(g) = 2NHs(g) + AH ...(1)

(WhereAH is the heat of reaction or enthalpy. For the Halecess, this is -92.4 kJ/mol at
25°C).

Nitrogen required as balancing item to accounttierproduction of ammonia is derived

from:

1. data for the production of nitrogen(fixed)-ammofeay. from USGS 2006);
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2. the amount of nitrogen required to produce onedarsframmonia, which is about 0.83
tonnes N for 1 tonne NH(assuming conventional reforming in modern ammonia
plants — UNEP/UNIDO 1998);

by multiplying ammonia production in t (1) with rogen requirements per ton (2).

Specific issues related to balancing items input si de (and in total)

Combustion of energy carriers in the context of ensision-relevant consumptionThe
emission-relevant consumption of energy carrieckiotes both energetic (combustion) and
non-energetic processes. Emissions from combusfienergy carriers are usually by far
dominating. Significant non-energetic emissions nyvever, come from the production of
blast furnace steel where the carbon stemming @roke in pig iron production is blown out
as CQ through injection of technical oxygen. For a mocoenprehensive economy-wide
MFA, this amount of oxygen for the process relasussions of C@from coke should also
be accounted for.

Advanced compilers of MFA may set up at first ancamt for the emission relevant
consumption of energy carriers by type, and theowaat for oxygen as balancing item on the
material input side. Respective energy consumtada are found in common energy

statistics or energy balances.

Table 31: Oxygen content of energy carriers (in% o f weight)

Oxygen content in %

(wt/wt)
Sewage gas/ Biogas/ Landfill gas 14.93
Hard coal 4.94
Coke (hard coal) 1.70
Hard coal briquettes 2.78
Brown coal, crude 6.00
Dust- and dry coal 16.78
Hard brown coal 12.73
Brown coal briquettes and -coke 16.78
Mine gas 14.93
Coke oven gas 14.93
Natural gas, Crude oil gas 0.19
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Oxygen content in %
(wt/wt)

Other solid fuels 35.97

Blast furnace gas 34.35

Source: derived from Frischknecht et al. 1994, Kugeler et al. 1990, Osteroth, 1989.

Intrinsic CO , in materials: Process-related G@missions from intrinsic C&contents of
materials refer to cement and lime production: Ca€@eat— CaO + CQ. These emissions
are reported in NAMEASs and in the CRF. It has tabsured that the resulting €0
definitely excluded from the CQralue used for @calculation.

Intrinsic oxygen content of energy carriers:Some energy carriers contain oxygen. For an
advanced balancing approach this intrinsic oxygerient of energy carriers has to be
determined and subtracted from the oxygen calalilasebalancing item for combustion, in
order to derive the (real) net demand forf@ combustion. Exemplary values for oxygen in
energy carriers are shown in table 30.

Nitrogen for combustion as balancing item - input gle: Emissions of nitrogen oxides (NO,
NO,) from fuel combustion in motors result at leastlgdrom inputs of nitrogen in ambient
air. This nitrogen input can in principle be caételd using standard coefficients based on

emissions of N@

G.2 Balancing items: Output side - Gases

Introduction

Balancing items on the output side of the accoumn@eant to equalise discrepancies
resulting from data for material inputs. The maiogesses concerned are combustion of fuels

and respiration of humans and livestock.

Data sources

Data sources underlying the derivation of balandiegs are:

for combustion: (1) data for the combustion of gyerarriers to account for hydrogen
contents of energy carriers resp. resulting enmssad water vapour, taken e.g. from energy
balances (see also balancing items — input sidejirt8llarly, data for the water contents of

fuels for combustion.
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auxiliary data needed to account for £And water vapour from respiration are population

numbers and livestock numbers commonly found ireg@rstatistical sources and

agricultural statistics (e.g. FAOSTAT), respectyel

Data compilation

G.2.1.1 Water vapour from moisture content of fuels

In the combustion process the moisture containddeils is emitted as water vapour.(®).
Resulting emissions can be estimated based ongevesdues for water emitted per tonne

energy carrier combusted:

Table 32: Water vapour from moisture content of fue Is

energy carrier water vapour in t per t
energy carrier

Hard coal 0.02
Coke (hard coal) 0.02
Hard coal briquettes 0.02
Brown coal, crude 0.59
Dust- and dry coal 0.11
Hard brown coal 0.18
Brown coal briquettes and -coke 0.12
Fuel oil, light 0.001
Fuel oil, medium and heavy 0.005
Other solid fuels 0.16

Source: derived from Frischknecht et al
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G.2.1.2 Water vapour from the oxidised hydrogen com

As with the carbon component also the hydrogen corapt of fossil energy carriers is

oxidised during combustion. The resulting wateelsased to the air as water vapour.

Table 33: Water vapour from oxidised hydrogen compo

energy carrier

water vapour in t per t

energy carrier

Sewage gas/ Biogas/ Landfill gas 1.77
Hard coal 0.42
Coke (hard coal) 0.07
Hard coal briquettes 0.37
Brown coal, crude 0.17
Dust- and dry coal 0.37
Hard brown coal 0.36
Brown coal briquettes and -coke 0.37
Mine gas 1.77
Coke oven gas 1.77
Natural gas, Crude oil gas 2.05
Gasoline 1.28
Diesel 1.19
Aviation gasoline 1.34
Fuel oil, light 1.21
Fuel oil, medium and heavy 1.05
Liquid gas 1.59
Refinery gas 1.92
Other solid fuels 0.45
Blast furnace gas 0.02

ponents of fuels

nent of fossil energy carriers

Source: derived from Frischknecht et al. 1994, Kugeler et al. 1990, Osteroth, 1989
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CO;, and water vapour (#D) from respiration can be calculated using stamhdaefficients

G.2.2 Gases from respiration of humans and livestoc  k

based on population numbers and livestock numiseestéble 33).

Table 34: Metabolic CO , and H,0O production of humans and livestock

t CO, per capita resp. hea{ t H,O per capita resp.
and per year head and per year
Humans 0.30 0.35
Cattle 2.92 3.38
Sheep 0.24 0.27
Horses 2.19 2.53
Pigs 0.30 0.35
Poultry 0.01 0.01

Source: Wuppertal Institute data base, based on Matthews et al. 2000.
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Material flow indicators

Similar to national accounts, also in material flaescounting highly aggregated indicators
can be derived from the detailed data sets nornealtyprising several hundred material

categories. We distinguish between extensive aedsive indicators.

Extensive indicators

Definition: In general a property which varies ditg with the size of the system is called an
extensiveproperty (e.g. volume, mass, or energy).

Direct Material Input (DMI) measures the direct input of materials for use tinéo
economy, i.e. all materials which are of econonailtig and are used in production and
consumption activities, except balancing items. @duals domestic (used) extraction plus
imports. DMI is not additive across countries. Egample, for EU totals of DMI the intra-EU
foreign trade flows must be subtracted from the BbfiMember States

Domestic material consumption (DMC)equals domestic extraction plus imports minus
exports. DMC measures the annual amount of rawrmatstextracted in a national economy,
plus all physical imports minus all physical exgoit is important to note that the term
“consumption” as used in DMC denotes “apparent gonion” and not “final

consumption”. DMC is defined in the same way agokey physical indictors such as e.g.
“total primary energy supply” - TPES. DMC repregetite part of all material inputs into an
economic system that remains there until releaséget environment. DMC therefore
signifies the “domestic waste potential” of an emmy (Weisz et al. 2006).

Physical trade balance (PTBequals physical imports minus physical exporte physical
trade balance, thus, is defined reverse to the tapngade balance (which is exports minus
imports), taking account of the fact that in ecoresiMmoney and goods move in opposite
direction. A physical trade surplus indicates aimgtort of materials, whereas a physical
trade deficit indicates a net export.

Net Additions to Stock (NAS)measures the ‘physical growth of the economy’ the.
quantity (weight) of new construction materialsdige buildings and other infrastructure, and
materials incorporated into new durable goods ssctars, industrial machinery, and
household appliances. Materials are added to thieosay’s stock each year (gross additions),
and old materials are removed from stock as bugklare demolished, and durable goods
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disposed of (removals). These decommissioned ratgeifi not recycled, are accounted for in
DPO.

Domestic processed output (DPQOpneasures the total weight of materials which aesased
back to the environment after having been usetdaérdbmestic economyhese flows

occur at the processing, manufacturing, use, and final disposal stages of the
production-consumption chain. Included in DPO are emissions to air, industrial and
household wastes deposited in controlled and uncontrolled landfills, material loads in
wastewater and materials dispersed into the environment as a result of product use
(dissipative flows). Recycled material flows in the economy (e.g. of metals, paper,

glass) are not included in DPO.

Intensive indicators

Definition: As distinguished from an extensive pedy anintensive property is one that is
independent of the size of the system being coreidg.g. temperature, pressure or density).
For cross-country comparisons, intensive matelaal fndicators are used to compensate for
the differences in size. As is common in environtakaccounting, we here use population as
denominator to compare the levels of economy-widéenal use between nation states. In
addition we propose the following intensive indarat

To indicate overall material efficiency of an ecang we relate DMC to GDP. There are two
types of efficiency indicators.

Material intensity is defined as the DMC to GDP ratio.

Material productivity is the inverse of material intensity, thus the GBPMC ratio.

Area Intensity: DE or DMC to total land area ratio: The ratio between matéiows and

total land area indicates the scale of the physicahomy vis a vis its natural environment.
We denote this indicator as area intensity.

DE/DMC: The ratio of domestic extraction to domestic mat@onsumption indicates the
dependence of the physical economy on domestienaigrial supply. We therefore denote
the DE to DMC ratio as “domestic resource depengefsee Weisz et al. 2006).

Import to DMC ratio and export to DMC ratio : The ratios between imports and exports,
respectively, to DMC indicate the import or expiatensities of the physical economies.
Together they can be addressed as “trade intensicators.

The use of different denominators is importanttf@ analysis as different aspects of the

physical economies become visible and comparable.
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Wuppertal, durchgefuhrt am Wuppertal Institut. Urdfentlicht.

UNEP-UNIDO (1998): Mineral Fertiliser Productioncathe Environment, Part 1: The Fertilizer Industry'
Manufacturing Processes and Environmental IssusshAical Report No. 26.

United Nations (2004): International Merchandisade Statistics. Compilers Manual. Department ofri6oaic
and Social Affairs, Statistics Division, United Mats, New York.

USGS (2006): Nitrogen (Fixed) — Ammonia Statistiggailable at
http://minerals.usgs.gov/ds/2005/140/nitrogen. Ritrieved 03/07/07.

WCO. 2006. Harmonised System News. Available at

http://www.wcoomd.org/ie/En/Topics_Issues/topicsusss.htmlRetrieved 03/06/07.

Weisz, H., F. Krausmann, C. Amann, N. EisenmengeErb, K. Hubacek, and M. Fischer-Kowalski. (2006)
The physical economy of the European Union: Crassiry comparison and determinants of material

consumption. IrEcological Economic88 (4), 676-698.

Weisz, Helga, Amann, Christof, Eisenmenger, Ninagusmann, Fridolin, and Hubacek, Klaus (2004):
Economy-wide Material Flow Accounts and Indicatoffkesource Use for the EU: 1970-2001. Final
report to Eurostat, contract no. Estat/B1/Conthrct200241200002. Wien: IFF Social Ecology

Wheeler, R.O., G.L. Cramer, K.B. Young, and E. @afi1981)The World Livestock Product, Feedstuff, and
Food Grain System: An Analysis and Evaluation at&wy Interactions Throughout the World, With
Projections to 1985Winrock International, Morrilton.

Wirsenius, S. (2000): Human Use of Land and Orghitaterials. Modeling the Turnover of Biomass in the
Global Food SystenbDoktorsavhandlingar vid Chalmers Tekniska Hogskda@4, 1-255.

Databases and Statistical Sources

BGR - Federal Institute for Geosciences and Nafesburces. Bundesrepublik Deutschland: Rohsto#fin
(Annual Report in German). Schweizerbart'sche \¢sttachhandlung, Stuttgart.

BGS - British Geological Survey. European MinergdtiStics / World Mineral Statistics (Published Aradly).
Available athttp://www.bgs.ac.uk/mineralsuk/free_downloads/hdimI#EMS

CLRTAP - Convention on Long-Range TransboundaryPgtution. For inventories compiled under this
convention, please refer to EEA 2005.
Comext — Eurostat’s Statistics on the Foreign Trefdbe EU Member States. Available at

http://comext.eurostat.cec.eu.int
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Comtrade — UN Commodity Trade Statistics Databasailable at http://comtrade.un.org/

DG TREN (2008): EU energy and transport in figui@tsitistical Pocketbook 2007/2008. Luxembourg: ¢@ffi
for Official Publications of the European Commugsti 2008

ETC - European Topic Centre on Resource and Waatealjement.

International Databases availabléntip://waste.eionet.europa.eu/wastebase/interratidatabases

National Databases available at http://waste.eienaipa.eu/wastebase/national_databases
FAOSTAT - Statistical Databases of the Food anddfure Organisation of the United Nations. Avblmaat
http://faostat.fao.org/
FISHSTAT — FAO Fishery Statistics Programme. AJalgaat
http://www.fao.org/figis/servlet/static?xml=FIDI_&T _org.xml&dom=org&xp_nav=3,1,1

IEA - Energy Statistics of the International EneAgency. Available at
http://www.iea.org/Textbase/stats/index.asp

Energy Statistics of OECD Countries (CD-ROM, 20@#tign), see
http://www.iea.org/Textbase/publications/free_newsBasp?PUBS_ID=1075

NewCronos — Eurostat Statistical Database for thefean Communities. Available at
http://epp.eurostat.ec.europa.eu/portal/page?_¢aty@96,45323734& dad=portal& schema=PORTA
L&screen=welcomeref&open=/&product=EU_MAIN_TREE&dbp1

PAN — Pesticide Action Network Pesticides Databasmilable at
http://www.pesticideinfo.org/List_ChemicalsAlphajs

PRODCOM - Eurostat’s Statistics on the Productibianufactured Goods. Available at
http://epp.eurostat.ec.europa.eu/portal/page? @=p®94,58778937& dad=portal& schema=PORTA
L

SIMETRIC - Standard to Metric Conversion Factor [Eab Mass and Density of Materials. Available at
http://www.simetric.co.uk/si_materials.htm
USGS - U.S. Geological Survey International Minédtistics and Information. Available at

http://minerals.usgs.gov/minerals/pubs/country/

United Nations Industrial Commaodity Production &t#ts Dataset. Available at

http://unstats.un.org/unsd/industry/default.
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List of Abbreviations

Acronyms

AOX

BGR

BGS
BMVEL
BOD
CEIDOCT
CLRTAP
CN

COD
COWwI
CPA
COMEXT
COMTRADE
CRF

DDT

DE

DPO

DM

DMC

DMI

EC

EEA

ESA
ETC-WMF
EU

Adsorbable Organic Halogens

Federal Institute for Geosciences and NafReslources, Germany
British Geological Survey

Federal Ministry of Consumer Protection, Eoand Agriculture, Germany
Biological (Biochemical) Oxygen Demaraf, Glossary

Comparing Environmental Impact Data on @&arechnologies
Convention on Long-Range Transboundary AitRion (UNECE)
Combined Nomenclature

Chemical Oxygen Demandf, Glossary

International Consultancy within Engineerimvironmental Science & Economics
Classification of Products by Activity

Eurostat () Foreign Trade Database

UN Commodity Trade Statistics Database

Common Reporting Format (for UNFCCQ ¢ related reporting);f. Glossary
Dichloro-Diphenyl-Trichloroethane, a pesticidied POP |()

Domestic Extractiorcf. Glossary

Domestic Processed Outmft,Glossary

Dry Matter

Domestic Material Consumptiocf. Glossary

Direct Material Inputgcf. Glossary

European Community

European Environmental Agency

European Systems of Accounts 1995 (ESA 95)

European Topic Centre on Waste and Matéiialvs

European Union

Eurostat Statistical Office of the European Comities

FAO
FAOSTAT
FISHSTAT
FwW

GCV

GDP

GHG

GNP

Food and Agriculture Organization of the \@ditNations
FAO Statistical Database

FAO Fishery Statistics

Fresh Weight

Gross Calorific Value

Gross Domestic Product

Greenhouse Gad, Glossary

Gross National Product
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GVA
GWP
HFCs
HM

HS
IEA
IGES
IPCC
ISIC
ISTAT
LPG
LULUCF
mc
MFA
MFAcc
MI
NAMEA
NMVOC
NACE
NAS
NGL
NIR
NMS
OECD
PAH
PAN
PBT
PCA
PFCs
PM
PM10
POP
PRODCOM
PTB
REN21
RME
ROM
SEEA
SITC
SNA

Gross Value Added

Global Warming Potentialf. Glossary

Hydrofluorocarbons (group of greenhouse gases

Heavy Metals

Harmonised Commodity Description and Codingt&my

International Energy Agency

Institute for Global Environmental Strategies

Intergovernmental Panel on Climate Change

International Standard Industrial Classificatof all Economic Activities
National Institute of Statistics, Italy

Liquid Petroleum Gas

Land Use, Land Use Change, and Forestry

moisture content

Material Flow Analysiscf. Glossary

Material Flow Account;f. Glossary

Material Intensitycf. Glossary
National Accounting Matrices Including Envinmental Accounts;f. Glossary
Non-Methane Volatile Organic Compound

Classification of Economic Activities Withthe European Communities
Net Additions to Stocksf. Glossary

Natural Gas Liquids

National Inventory Report (to the UNFCCQ))cf. Glossary

(EU) New Member Statesf. Glossary

Organisation for Economic Co-operation amyd&opment

Polycyclic Aromatic Hydrocarbons

Pesticide Action Network

Persistent, Bioaccumulative, and Toxic Poiitita

Portland Cement Association

Perfluorocarbons (group of greenhouse gases)

Particulate Matter

Particulate Matter with a diameter less arat¢o 10 micrometers
Persistent Organic Pollutant

Products of the European Community (datgbas

Physical Trade Balanad, Glossary

Renewable Energy Policy Network for th& Zentury

Raw Material Equivalentf. Glossary

Run-Of-Minecf. Glossary

System of Integrated Environmeraatl Economic Accounting003 (United Nations)
Standard International Trade Classification

System of National Accountsf, Glossary
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TBT
TOMP
TPES
UN

Tributyltin, a toxic additive found in paints

Toxic Organic Micro-Pollutant
Total Primary Energy Suppbf, Glossary
United Nations

UNECE UN Economic Commission for Europe

UNEP
UNEP GC
UNFCCC
UNIDO
USGS
WCO (OMD)

Units

cap
J

scm
t, mt

toe

UN Nations Environment Programme

UNEP Governing Council

UN Framework Convention on Climate Change
UN Industrial Development Organisation

United States Geological Survey

World Customs Organisation

capita

joule(s)

solid cubic meter

tonne(s), metric tonnes (1t = 1000 kg)

tonnes of oil equivalent

Country Codes

AT
BE
BG
CY
cz
DE
DK
EE
ES
Fl
FR
GB
GR
HU
IE
IT
LV

Austria LT Lithuania
Belgium LU Luxembourg
Bulgaria MT Malta
Cyprus NL Netherlands
Czech Republic PL Poland
Germany PT Portugal
Denmark RO Romania
Estonia SE Sweden
Spain Sl Slovenia
Finland SK Slovakia
France HR Croatia
United Kingdom MK Macedonia
Greece TR Turkey
Hungary CH Switzerland
Ireland IL Iceland

Italy NO Norway
Latvia
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