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What is the System of Environmental - Economidccounting for Energy?

The System of Environmental - Economic Accounting for Energy (SEEA-Energy) is a
multi-disciplinary, multi-purpose, conceptual frawgk for organising energy-
related statistical information. It supports analy/®f the role of energy within the
economy and of the impact of energy-related agtioit the state of the environment
over time.

The concepts and definitions that comprise SEEArneare designed to be

applicable across all countries, irrespective off tioeir energy is produced and used,
their relative state of economic development, & ¢dbmposition and state of their

energy natural inputs, and physical environment.

At the heart of SEEA-Energy is an accounting apghaat records, as completely
as possible, the stocks and flows of energy withianeconomy as well as energy-
related aspects of environmental issues. The atioguapproach of SEEA-Energy is
based on the System of Environmental Economic Atiing (SEEA), a conceptual
framework that has been developed over the past decades to integrate
measurement of environmental and economic phenamiengarticular SEEA-
Energy is a subsystem of the SEEA Central Framewdrich was adopted by the
United Nations Statistical Commission in 2012 asittiernational statistical standard
for environmental-economic accounts. More broaddEEA-Energy and SEEA
Central Framework are satellite accounts of the8ZBstem of National Accounts.

SEEA-Energy also draws on the work undertaken ir {international
Recommendations for Energy Satistics (IRES) and formalises and extends the
possible range of accounts to inform policy makafr&nergy-related matters by
presenting an integrated set of accounts for ensxtpted stocks and flows (in
physical and/or monetary terms) and for combinezbentations of these physical
and monetary data. Theternational Recommendations for Energy Satistics
(IRES) was adopted by United Nations Statisticalm@ossion in 2011 and
provides guidance on relevant concepts and dedmsti classifications, data
sources and data compilation for energy statistnzs balances.

Energy information is typically presented in phgbiterms. A particular strength of

SEEA-Energy is its capacity to apply monetary vabres to various energy-related

stocks and flows. For example, energy statisticerte physical extraction of energy

natural inputs; SEEA-Energy adds to this picturghvaonetary values for resource
depletion arising from this extraction. This momgtmeasure of depletion is directly

relatable to physical measures of extraction ofggneatural inputs, but at the same
time can be used as part of the calculation of suehsures as depletion-adjusted
national saving and depletion-adjusted gross domesiduct (GDP).

SEEA-Energy is not designed to provide or repléeerichness and depth provided
by various existing types of energy information.thea it is the linkages and
connections developed in SEEA-Energy that provideadditional and broader
perspective and hence add value to the detailed)gimdormation already available.
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It is these linkages that underline the power cE&HEnergy. To formulate a policy
response to an environmental issue such as clichatege affected by energy-related
carbon emissions to air, it is essential to undaedsthuman impacts on the physical
environment (e.g. which industry is responsibletf@se carbon emissions and what
energy products are involved?); to understand gneegds and possible constraints
and solutions (e.g. what are our ongoing energuirements and what low-carbon
energy natural inputs could we utilise?). And esglgcwhere problems are to be
solved though the use of economic instruments & ssche use of tradable permits
to emit carbon — we want to understand the effetttlme economy and the
environment from using these instruments (e.g. otgpan energy prices, household
spending and business profitability and, crucialbn emissions of carbon by
domestic producers and as embodied in imports)a Pabduced through SEEA-
Energy has the capacity to inform these types estons.

Policy relevance and uses of SEEA-Energy

Energy is integral to human existence and the wayuse energy is an essential
element to achieving sustainable development. Tieeteof human use of energy

on the environment has emerged as a critical pdBsye. There is a growing

concern about the impact of each country’s enegg/-uand of related emissions
— upon global and local environments. On the otienrd, there is a recognition

that continuing human welfare and development ameddent upon the benefits
obtained from the use of energy.

As a multi-purpose system, SEEA-Energy informs qyolilecisions related to the

supply and use of energy. First, summary infornmatio SEEA-Energy can provide

broad guidance on issues and areas of concerrslibatd be the focus of decision
makers and provide indicators of progress towamlgyp objectives. Second, the

detailed information in SEEA-Energy can supporichaer understanding of the issues
including potentially identifying the key driver$ change. Third, the SEEA-Energy
framework supports the development of models amthasos that can be used to
assess the impact of possible policies both waihtountry and between countries.

SEEA-Energy and IRES provide the conceptual framkvi@ar monitoring progress
towards energy policy objectives in countries andaa international scale. Energy
policy involves a number of actors including cisiciety, businesses, and political
actors, each with different perspectives and istereeach actor through its actions
puts pressure on different areas of the energypisant on the environment.

The use of energy by households and by industigtesea range of pressures on the
physical environment. These pressures arise frost @ad present decisions on
energy production and use and could reflect fongta a national decision to adopt
widespread use of coal-powered electricity. Theseices give rise to pressures,
including those related to depletion of non-rendeabsources and of environmental
degradation arising from energy-related emissidhgse environmental pressures in
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turn impact the state of the environment affectiagong other things, remnant
stocks of energy natural inputs and air and walelity.

Ultimately, environmental pressures will impact te policy realm, where various
political, business and civil actors develop poliegponses to these pressures. Given
the range of actors involved in energy-relatedgyotiaking, fully informed decisions
on energy policy require multi-disciplinary infortian systems to ensure effective
alignment among the various competing socio-ecooamgrests.

Policies directed towards achieving secure andasaile production and use of
energy will have varying emphases depending onsfiexific characteristics and

needs of each country. However, the overarchingypobjectives could typically be

framed against three major categories: improvirergnsupply and access to energy;
managing energy supply and demand; and reducingsymes of energy on the
environment.

The first categorylmproving energy supply and access to energy, refers to policies
that aim to ensure that all energy users (includimgl and urban households) have
access to appropriate, reliable and affordable ggneEnergy production and
distribution services are delivered by a range djviders, including networks
operated by electricity and gas utilities. SEEA-gyecan provide a range of
measures to guide policymakers in assessing andgimanthe performance of these
providers in supplying energy including informatiom capital outlays.

SEEA-Energy accounts can monitor the various engugyducts supplied to
households, government and to businesses (as sveliexgy products exported) and
thereby assist policy-makers in their efforts tswee ongoing provision of energy
supply services. It is important to capture thetcasd affordability of energy
products being offered to energy users. Costs mdedcwith providing these
services, including both current and future capatasts, as well as the means of
financing these operations need to be taken intowat. SEEA-Energy can provide
ongoing information to assess operational effigfeocthe energy providers. This is
important since providers must be able to deliveelable service to energy users,
recover the costs of providing these services,gamerate sufficient return to address
ongoing capital needs (for example, to meet infuastire repairs and upgrades)
while remaining commercially viable.

The second categorf¥lanaging energy supply and demand, refers to policies that
address issues related to energy supply and aflocdtor these policies, energy
accounts can be used to monitor the amounts ofygralocated for different uses
(both by thetype of user consuming the energy and by @ pose of this use) and
the associated losses during extraction and disioit. It is also essential to measure
trade-offs in the allocation of energy, since egengtural inputs are scarce and
should be used efficiently — energy accounts agadnififormation on enterprise use of
energy products to the associated value added ajedeby these businesses. This
information can be assessed alongside informatiorthe relative prices paid by
different consumers for energy products consunteis. &lso important to take into
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account the financial resources necessary to niai(dgaincrease) the energy supply
capacity through investments in energy generaiimeiuding capture of energy from
renewable sources), storage and delivery-relatsi@sys and related financing.

The third categoryReducing impacts on the environment, recognizes the key role of
managing energy-related emissions in order to avadVerse environmental
outcomes. In this respect, it is important to idfgnand measure those variables
inherent in energy production and delivery which ymeontribute to extreme
environmental events, for example, SO2 emissiolatac to coal combustion; and
energy-related CO2 emissions. SEEA-Energy can nmfon taxes and various
instruments aimed at controlling these variablegl{sas tradable permits to emit
carbon) and, through its links to the SNA framew@EEA-Energy has the capacity
to link these policies to the impacts on measuves s household expenditure and
saving; government revenue; business income; aygs glomestic product.

Expenditure on environmental protection and resunanagement activities related
to energy supply is also relevant to this categ8BEA-Energy captures both current
expenditures and relevant investment expendituresuding, for example, those

related to carbon capture and storage. It would aisasure expenditure related to
infrastructure for energy from renewable sourcesaridlis categories of

environmental clean-up, including costs of decorsioiing of mines and energy-

related equipment are recorded in SEEA-Energy.

This category also recognises the importance dbswadble management of energy
natural inputs. In this respect, SEEA-Energy presich number of fundamental
extensions to information presented in the SNA. &ample, following the SEEA

Central Framework, SEEA-Energy considers the digpledf mineral and energy

resources such as coal, oil and gas to be a castevfly extraction and accordingly
recommends that this cost be taken into accountm@&asuring the income of

extracting businesses and the gross domestic pro€itiee nation.

The SEEA-Energy framework supports a number of iegjpbns that can inform
across multiple categories of policy interest. &xample, the framework supports the
estimation of carbon embedded into various produdctsountry adopting a policy to
deliver a low-carbon future may elect not to prasymroducts with significant
embedded carbon. This has implications for thecgadireas ofimproving energy
supply and access to energy andManaging energy supply and demand (as discussed
above). But a full assessment of the carbon ‘faetpof the country would consider
carbon embedded in imports and therefore the pa@mea described aReducing
impacts on the environment is also informed.

The nature of energy issues requires that a widetyaof measures are needed to
understand the implications of decisions takerortfer to measure progress towards
the achievement of the goals set out in each opdliey categories described above,
integrated information systems are therefore reguilhese systems will assist with
collecting data and converting it into informatidor benchmarking, monitoring
progress and identifying trends. But more impoiyattiey provide the capacity to
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consider, within a single framework, various enmireental and economic aspects of
an energy-related policy question. It is therefoeeessary to have a comprehensive
conceptual framework to guide the process of daegration and its transformation
into policy relevant information. SEEA-Energy istframework able to meet this
purpose.

SEEA-Energy as a system

SEEA-Energy consists of a coherent, consistent iatejrated set of tables and
accounts related to energy. It informs on the aflenergy within the economy, the
state of energy natural inputs and various enestpted transactions of
environmental interest. The tables and accoun&&=8EA-Energy may be produced in
both physical and monetary terms and are basedtermationally agreed concepts,
definitions, classifications and accounting rules.

Scope and coverage of SEEA-Energy

Generally, the accounts are compiled in respeet nétional economy — defined in
accordance with the SNA and the SEEA Central Fraonlewn geographic terms, the
economy is defined by the economic territory ofoairdry (which generally aligns
closely in physical terms with its national boundaras commonly recognised). The
economic units of interest are those enterprisesséholds and governments with a
centre of interest in the economic territory (a agpt known as residence). The
economy is defined by the production, consumptionl accumulation activity
undertaken within the economic territory by thesvaint economic units.

The scope of the environment, from which energysasirced and into which
emissions are absorbed, is also bounded by the#ertal considerations. Thus, all
energy natural inputs and the environment withtoantry’s economic territory are
within scope of the SEEA-Energy framework.

Types of SEEA-Energy accounts

There are three main types of accounts in the SEBMework: (i) physical flow
accounts, (i) accounts for energy-related tramsastand (iii) asset accounts in
physical and monetary terms. Descriptions of thbsee types of accounts form the
core of SEEA-Energy as described in Chapters 2 — 6.

Physical flow accounts

The first type of account is the physical flow asebin which flows of energy are
recorded in physical units. Physical flow accouotsenergy aim to record flows of
energy natural inputs from the environment to tbenemy, within the economy (as
energy products), and from the economy to the enwient (as losses and returns of
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energy to the environment). While physical flowsesfergy may be recorded in a
variety of units, the use of mass units (e.g. tehrm volumetric units (e.g. cubic
metres) is made in material flow accounts and yyitéally in the accounts of SEEA-
Energy. Within SEEA-Energy, physical energy floave expressed in energetic units
— usually Joules. This provides a common unit gtigwphysical energy flows to be
directly compared and/or combined.

Accounting for these various physical flows inva@vhe application of basic laws

concerning the conservation of mass and energys Tl supply of energy natural
inputs by the environment must be matched by the afsthose inputs by the

economy or the immediate return of those inputthé&environment (e.g. flaring of

gas during natural gas extraction). Also, the sppplenergy products (i.e. goods and
services) within the economy must equal the usehebe products within the

economy (with relevant adjustments for the tradeg@mds and services between
countries). Finally, the generation of residualstiy economy must be matched by
either the collection of these residuals by ottememic units (for example the use
of solid energy waste to make building productspherrelease of the residuals to the
environment.

As a result of accounting for the various physieakrgy flows in this way, a
framework, known as a physical supply and use t@R&JT), can be constructed in
which the various types of energy-related phydikals are recorded. The PSUT in
SEEA-Energy is based on supply and use tables &ASEentral Framework that
have been developed for economic analysis (andhatds a focus on products) and
is extended to included consideration of energgteel flows between the
environment and the economy.

Accounts for energy-related transactions

Many of the physical flows of energy have correstiog monetary flows reflecting
various transactions between economic units (i.edustries, households,
governments). For example, the use of refined [@tno products by households can
be physically measured in Joules per year, butatso be recorded in terms of
household spending on these products. All suclsa@ions between economic units
are recorded in the SNA. One role of the SEEA-Enpér@mework is to identify and
collate important transactions related to energy.

Accordingly, flows relating to the supply and usesnergy products are recorded in
monetary terms. These are the monetary supply aadtables for energy and are
recorded in addition to the physical terms usethenPSUT framework as described
above. Monetary supply and use tables for energg laanarrower scope than the
corresponding PSUT in that they relate only to 8ce¥ energy products within the
economy and not to energy-related flows betweemtiviconment and the economy.

Another type of account relating to energy-relateghsactions is the depletion-
adjusted SNA accounts. SEEA-Energy supports thesanement of the depletion of
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mineral and energy resources such as coal, oibasd- and records this depletion as
a cost of production. These monetary estimatesepfetion of mineral and energy

resources can be used in the calculation of depletiljusted measures of mining

industry value added, national saving and grossedtimproduct.

There are a range of other transactions relateeh&vgy which are potentially of
interest. Many of these will be environmentallyateld transactions, including
transactions relating to those activities that cedor eliminate pressures on the
environment and that aim at making more efficieaé wf energy natural inputs.
Examples include investing in technologies desigimedrevent or reduce pollution;
and technologies for restoring the environment éfteas been damaged.

There is likely to be policy interest in certaineegy-related monetary flows to and
from government for environmental purposes andis ¢ontext the measurement of
energy-specific taxes and subsidies and similawvdlgsuch as investment grants to
capture renewable sources of energy) is appropriate

There are a number of other economic aggregatekkelf interest related to
extraction and exploration activity. For examplegasures of value added, and
payments of rent to access these resources magrbeufarly relevant. There may
also be a focus on the level of investment in exiwa equipment and on the state of
the associated produced assets (for example caongdhe condition of a country’s
gas extraction infrastructure). All of this infortitan can be organised into relevant
accounts for energy-related transactions.

Asset accountsin physical and monetary terms

Measuring the quantity of mineral and energy resesjrand changes to these inputs
over time, is a central feature of SEEA-Energy.ehsccounts focus on the various
components making up mineral and energy resouftey. measure the stock of each
resource at the beginning and end of an accoumténgpd and record the various
changes in the stock due to extraction, naturaltirodiscovery, catastrophic loss or
other factors.

The compilation of asset accounts in physical tgurosides valuable information on
mineral and energy resource availability. An impottfeature of the SEEA asset
accounts is the estimation of depletion of energtyral resource inputs in physical
terms. For mineral and energy resources the quaofidepletion is equal to the
quantity of resource extracted.

The compilation of asset accounts in monetary tecars also provide valuable
information to assist in understanding the relatiop between rates of extraction and
current economic activity, and in understanding ébenomic costs of extraction on
future incomes. The monetary value of depletiorduseasset accounts is the same as
that used in the depletion-adjusted measures ofiiecand saving described above.

10
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The underlying basis for valuation in SEEA-Energymarket prices, the same basis
as used in the SNA and SEEA Central Framewok. Heeaf this valuation basis
allows mineral and energy resources to be readimpared to produced and
financial assets.

Because there is no market for many mineral andggnesources assets (i.e. the
environmental assets situ such as coal and oil are rarely bought and sold),
alternative valuation methods often must be usedcdmpile asset accounts in
monetary terms. The method described in SEEA-Ené&gihe net present value
(NPV) method which calculates the value of an absesed on the future income
streams that are expected to accrue from the use @isset.

The relationshi ps between the accounts

The accounts within the SEEA-Energy framework avenected to each other but
each focuses on a different part of the interacbetween the economy and the
environment. Examples of the relationships betvikerdifferent accounts include:

* Changes in the stock of mineral and energy reseyfoem the asset account) are
most often the result of economic activity whichtimn is the focus of physical
flow accounts. Measurement of flows of mineral anérgy resources within the
PSUT is consistent with the measurement of extradh the asset accounts.

* Measures of the flows of energy natural inputs @situals can also be related to
transactions recorded in accounts for energy-rlatansactions, including
investment in cleaner technologies and flows ofg@neaxes and subsidies.

These examples serve to highlight the many andedarlationships between the
accounts, each taking a different perspective. dginout SEEA-Energy these
relationships are supported by the use of commoncegs, definitions and
classifications as described and explained inldbok.

Building on existing energy information

As an integrated accounting system, SEEA-Energydstapart from individual sets
of energy statistics. While sets of energy stasstre usually internally consistent,
there is, for good reason, often no strict consigtdbetween one set of statistics and
another. Energy statistics are often collected wathparticular regulatory or
administrative purpose in mind and the way in whibhy are structured may be
specific to this need. For example, data energybysenergy products from industrial
sources would ideally be classified according ® itidustrial classification used in
ISIC (which is used in SEEA-Energy, the SEEA Cdrfframework and the suite of
international economic statistics standards, inolgidhe SNA). This would allow
their simple incorporation into physical flow acotsiand combined accounts.

In contrast, SEEA-Energy is an integrated systemaodounts which, to the
fullest extent possible, provides consistency betwds various accounts in

11



1.44

1.45

1.46

134
1.47

terms of concepts, definitions and classificatidnsaddition, implementation of
such an integrated system aims for consistency twes. This is of the utmost
importance in developing the comparable time-seesmates that important in
the policy process.

A final important difference between energy statstand SEEA-Energy is the
latter's coherence with the economic information thie SNA and other
environmental-economic accounts of the SEEA Ceriiramework and its other
subsystems. This adds considerable value to Hdwhphysical and monetary
information, as it facilitates integrated analysethin a common framework.

Nevertheless, SEEA-Energy relies heavily upon enetatistics for the basic
inputs required in its implementation. In this refjathe use of IRES
internationally complements and supports the imgletation of SEEA-Energy.
IRES uses concepts, definitions, data sources, dat@pilation methods,

methods of quality assessment and classificatitvaé provide the basic data
allowing the compilation of SEEA-Energy accountsl dables. For example, the
energy balances used in IRES employ an organisimgiple very similar to the

PSUT. And IRES and SEEA-Energy use the same enamuct definitions. In

effect, by taking data collected through IRES amgaoising these data into a
framework coherent with the SNA, we develop SEEfekEyy. Thus SEEA-

Energy and IRES are complementary frameworks.

It is reasonable to expect that over time the im@etation of SEEA-Energy and
IRES will result in changes to the way in which enestatistics are collected
and structured in a given country. However, a spificollaboration and respect
between environmental accountants and energy tit#&iss is needed for this to
happen. The former group must understand that collg data for energy
accounts may be a secondary concern for energistgtetns responsible for
providing information to, for example, a regulatgsogramme. The latter group
must be convinced of the importance of generatinghlip structured and

consistent data within an accounting framework. Theneficiaries include

policymakers in the field of energy using this infation and members of the
community who benefit from better-informed policgdisions.

Combining information in physical and monetay terms

One of the most powerful features of SEEA-Energiysi®rganisation of information
in both physical and monetary terms following cetesit scope, definitions and
classifications. This feature especially appliesthe compilation of accounts and
tables where information in physical and monetarys is combined. The structure
of combined presentations depends on the topibeofiteasurement (e.g. decoupling
of energy use from economic output, decouplingrefrgy use from emissions to air,
cost per Joule of various energy products used dnyows industries etc.), the
guestions of interest and the availability of datdonetheless for combined
presentations there are certain common featurebemefits.

12
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First, combined presentations allow users to fimdrge of relevant information in a
single location and without needing to make spedfistments to ensure coherence
and consistency.

Second, combined presentations promote dialogueeket those familiar with data
organised according to economic accounting strastuand those familiar with
information organised with reference to specifiggtal flows. Thus these combined
presentations provide a basis to integrate eneegyjronmental and economic
analyses and thereby reduce the tendency to disitysis of issues along
disciplinary lines, in which analyses of issues eagried out independently of each
other.

Third, combined presentations structure informafiora manner that supports the
derivation of combined indicators — for examplecalgling indicators that track the
link between the use of energy natural inputs anowth in production and
consumption.

Fourth, combined presentations provide an inforomabase for the development of
models and detailed analysis of energy-relatedant®mns between the economy and
the environment.

Overall, the power of SEEA-Energy and its standamdcepts and definitions can be
clearly seen in the development of presentatioasdbmbine physical and monetary
data.

Flexibility in implementation

Although SEEA-Energy is presented as an internabipsistent and complete
system, its design is such that it can be impleecm@qually well in part or in
whole. A country may choose to implement only aesgbn of the accounts
included in SEEA-Energy, with such decisions demamdupon the extent and
type of its energy natural inputs, the charactrssof its energy production and
use, and any specific energy-related issues faEsn if a country wants
eventually to implement the full system, it may idiecto focus its initial efforts
on those accounts that are most relevant to theegssg most urgently wants to
address.

For example, a country with few mineral and ene®gources may choose not to
compile asset accounts for mineral and energy ressu Even those countries
with abundant mineral and energy resources may wishoncentrate first on

those inputs with greatest economic value, or ooséhthat are subject to
discussion for the way in which government apprat@s revenue from their

extraction.

Countries with a high dependence on imports ofaiertnergy products may find
it useful to build physical flow accounts for thegeducts in order to highlight
which industries and outputs are most exposed i® dependence. Thus, a
country may not feel a need to record physical 8§dar all energy products and

13
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might instead decide to focus on those energy ptsdwhere imports are most
critical.

If a country is concerned to reduce its energyteglacarbon emissions through
the use of tradable permits to emit carbon, it wlomost likely be informed

about carbon emissions arising from the use ofifipagpes of energy products,
and about the industries and households using {reskicts.

These examples illustrate the flexibility of applion of SEEA-Energy. It is
important to bear in mind, however, that whatevartp of SEEA-Energy are
implemented, these parts should be implementeddéh a way as to be internally
consistent, and complementary to the broader syateawhole.

While there is flexibility in the implementation diie system, much benefit from
SEEA-Energy comes from it being implemented at awernational level.
Consequently, the ability to compare and contralgvant information from a range
of countries is a significant advantage supportgdthe widespread adoption of
SEEA-Energy for specific modules, particularly witgard to energy-related issues
that are multi-national or global in nature.

SEEA-Energy and related statistical standardsrad publications

The integrated nature of SEEA-Energy and in paedrciis coverage of data in both
physical and monetary terms means that it hasiogektips to a number of other
international statistical standards and framewoilkgese relationships are of four
main types: relationships to the SEEA Central Fraonk and to other SEEA sub-
systems; relationships to the IRES and the ESCMtioaships to the SNA and
related economic accounts standards; and relaipndio standard international
classifications. Each of these is described in.turn

SEEA-Energy and related environmental accoius manuals

SEEA-Energy is a sub-system of the SEEA CentramErmork, the international

statistical standard for environmental economicoants, and is entirely consistent
with this framework. The starting point for the élpment of SEEA-Energy is the
SEEA Central Framework. Among the suite of SEE/&ted sub-systems, the role of
SEEA-Energy is to extend the SEEA Central Framewdigcussion of integrated

environmental and economic accounting for energptoyiding additional guidance

and detail in the compilation of a range of enesggeific accounts and tables.
SEEA-Energy also provides more explicit links tdast energy-related manuals,
particularly the IRES.

The SEEA Central Framework provides the overarclgogition against which all
the SEEA sub-systems are to be aligned. Inevitahse sub-systems will contain
more detailed structures and explanations. Norethgein all cases the starting point
for the development of the accounting approachel$ lvé the SEEA Central
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Framework and any changes and extensions to thieaCEramework to suit specific
and targeted purposes will be fully explained. Tiisans that it will be possible to
integrate data from different SEEA sub-systemshadnalysis of issues of concern.
For example, the practice of hydraulic fracturiogrélease coal seam gas relates to
both hydrological systems and the production ofrgneAn integrated analysis of
economic and environmental aspects of this issuéquotentially utilise data from
SEEA Water and SEEA-Energy, as well as from the/SEEntral Framework.

SEEA-Energy, IRES and the ESCM

SEEA-Energy has a close relationship with IRES. SR#ovides valuable input to
the production of tables and accounts of SEEA-Bndrgparticular, it recommends
use of harmonised definitions of energy productkfong a standardised energy
product classification (th&andard International Energy Product Classification -
SIEC) and guidance on data sources and data cdiopildAVhere a country has
produced energy statistics and balances accorditiRES, the compilation of SEEA-
Energy tables and accounts becomes an extensitme texisting body of official
energy statistics.

Energy data produced according to IRES are thexeddtey input to SEEA-Energy.

However, these data require a number of importeeingions and adjustments before
they can be appropriately integrated with monetdaya produced according to
principles of the SNA. In addition, SEEA-Energy dngorates a number of structures
that are needed to undertake integrated enviroraheabnomic analyses in the area
of energy. That is, while IRES and SEEA-Energy @mplementary; SEEA-Energy

is an essential extension to IRES for those whd wis undertake energy-related
analyses of the interaction between economy aniamaent.

The Energy Statistics Compilers Manual (ESCM) is important part of the
implementation process for both IRES and SEEA-BneESCM will cover the
implementation of the recommendations containellRES as well as SEEA-Energy
to ensure that countries set up a multi-purposeggnimformation system. While
IRES provides internationally agreed recommendatiom the statistical production
process framework for energy, the ESCM is expectteghrovide more practical
guidance to assist countries in the implementatbhRES and SEEA-Energy. In
particular, it will provide clear guidelines on datsources, on the use of
administrative data and on a range of best coytigtices. ESCM is scheduled for
release in 2013.

SEEA-Energy and the 2008 SNA

The relationship between SEEA-Energy and the SNiAridamental. The SNA is the
source for many of the concepts, definitions armbanting rules embodied in SEEA-
Energy. In many respects SEEA-Energy might be vieagean extension of the SNA.
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Many of the accounting concepts and definitionsduse SEEA-Energy are drawn

from the SNA and users of SEEA-Energy may be reguio consult the 2008 SNA
for more detailed guidance on particular accountssgyies. Two primary areas of
distinction between the systems are: the scopén@frécording of physical flows

compared to monetary flows (which is somewhat beo&d SEEA-Energy); and the

incorporation in SEEA-Energy of depletion as a @gsinst the income earned from
the extraction of natural energy resources i.addition to being a reduction in the
value of these resources.

The relationship between SEEA-Energy and the SNiarads to the other statistical

standards that form the broader set of standardecienomic accounting. These are
the 8" Edition of the Balance of Payments Manual (BPM#&J the 2001 Government

Finance Statistics Manual (2001 GFSM).

SEEA-Energy and standard international clasScations

The consistent use of classifications in the coatiph of data in physical and
monetary terms is a central feature of SEEA-Enehgigrnational comparability of
data is enhanced through the collective use ofdstahinternational classifications
where these are available.

Several classifications used in SEEA-Energy ardrakto integrated environmental
and economic analysis including the classificatibeconomic units to industries, the
International Standard Industrial Classificatiom fdl Economic Activities (ISIC);
and the Standard International Energy Product Giesson (SIEC). These
classifications are used throughout SEEA-Energythea(SEEA Central Framework.

In the physical measurement of energy products SEBérgy uses the Standard
International Energy Product Classification (SIEG)EC should be linked to the
Central Product Classification (CPC) in order tostbesupport integrated
environmental-economic analysis. The CPC is usaexitfhout the SEEA and its sub-
systems. In the assessment of the status of ditfemseral and energy resources, the
UN Framework Classification for Fossil Energy anth&fal Reserves and Resources
(UNFC-2009) is the relevant international standard.

Classifications exist for other possible analysetated to SEEA-Energy. For
example, in the measurement of environmental pliote@and resource management
activities the Classification of Environmental Adties (CEA) is relevant.

In addition, SEEA-Energy contains a range of otlets and sets of classes that are
aimed at providing support for the compilation eftalin a similar way. Examples
include the SEEA-Energy classification of energyural inputs by type and the
SEEA classification of mineral and energy resoul@asdescribed in IRES). These
are not standard statistical classifications bupdwide a structure for compilation
and international comparison.

16
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The organisation of data following standard clasaiions is an important step that
facilitates the development of accounts that are cakerent, consistent and
comparable as possible over time and across ceantri

Overview of SEEA-Energy
Introduction

SEEA-Energy is the internationally agreed concdptitamework relating to
environmental-economic accounting for energy. liliseis accounting concepts,
definitions and principles from the SEEA CentradiRework, the SNA and IRES and
describes the relevant accounting concepts andtstes that are needed for to
present a variety of environmental-economic acaimtluding physical supply and
use tables for energy, accounts for energy-refatetsactions and asset accounts for
energy natural inputs.

The conceptual framework presented here is desigmé applicable to countries
around the world. This publication therefore redsgs the different conditions and
different institutional arrangements that may benfib in developed and developing
countries. Further, it attempts to present theonalie for the treatments applied so
that statisticians can better decide on treatmémnaew developments and new
institutional arrangements in the future.

The publication does not attempt to provide guigaon how to make estimates, or
on the priority with which different accounts shbube implemented, or on the
frequency or precise format of their presentatlostead, practical guidance is to be
found in the ESCM. Specialised guidance on accognfibor economic statistics is

available in the 2008 SNA and in related manuals.

The following provides an overview of each of thepters of SEEA-Energy.

Reader’s guide to chapters of SEEA-Energy

SEEA-Energy is made up of seven chapters. The dinaipter introduces SEEA-
Energy and provides an indication of its policyekglnce and the general aims and
purposes of environmental and economic accountingffiergy.The chapter briefly
outlines key elements of the SEEA-Energy framewanld its place in the broader
suite of statistical information and conceptualnfeavorks on environmental and
economic measurement.

The second chapter, “The SEEA-Energy framework’jimes the key elements of
the SEEA-Energy framework and the accounting amproased. Much of the

organising principles and accounting rules use8SE&A-Energy are drawn from the
SEEA Central Framework. The chapter aims to desdtie main types of accounts
and the key classifications used in SEEA-Energy.aldo describes the basic
principles of accounting for stocks and flows, tledinition of economic units and the
rules of recording and principles of valuation.
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An important aspect of SEEA-Energy that Chapterirdsato highlight is the
integrated nature of SEEA-Energy with all of thifetent parts being founded within
a common accounting approach. The chapter concluidles description of concepts
and building blocks used in combining physical emzhetary data.

The third chapter, “Physical flow accounts”, expkiin detail the recording of
physical flows in SEEA-Energy. The different phygiflows: energy natural inputs;
energy products; and related residuals, are pliacte form of a physical supply and
use table. Chapter 3 describes the boundary betwieeneconomy and the
environment since flows of energy products are idemsd to be ‘within the

economy’ while flows of energy resources and resglare, respectively, ‘from the
environment to the economy’ and ‘to the environnfeoth the economy’.

Chapter 3 also describes the various types of floaking up the physical supply and
use of energy, including production, consumptidignges in inventories and exports
and imports. Presentations to emphasise the pugieseergy use are discussed. The
chapter also provides a detailed discussion of ridationship between energy
statistics, energy balances and energy accountshandse of bridge tables to link
these presentations.

The fourth chapter, “Monetary accounts and combimedentations” focuses on the
identification of economic transactions within t&&A that are considered to be
energy-related. It presents a supply and use fablenergy products, measured in
monetary terms.

Of particular interest within this chapter are thanergy-related transactions with
clear significance for the environment. This indadvarious energy-related taxes,
subsidies and similar transfers and a range of @iéngments and transactions that are
all recorded in the SNA framework but are often exjlicitly identified as related to
the environment.

Finally, the fourth chapter also covers the todicambined monetary and physical
presentations. This is a key area where the SEE&gyrdemonstrates its capacity to
inform energy-related interactions between the eognand the environment.

The fifth chapter, “Physical asset accounts”, fesusn the recording of physical
stocks and flows associated with mineral and eneegpurces. This chapter also
includes a discussion of the United Nations Framkwolassificaton for Fossil
Energy and Mineral Reserves and Resources 2009 QR0B9) which is used to
determine which mineral and energy resources nteet3INA definition of an
economic asset. The chapter presents a physicatl assount with a detailed
description of the various data items within thecamt.

The sixth chapter, “Monetary asset accounts” dbssrithe monetary valuation of

those energy naturel inputs considered to be ecanasgsets. It essentially makes the
link between physical asset accounts presentechapt@r 5 and the accounts of the
2008 SNA. Monetary asset accounts are presentedhenstructure and principles

underpinning these accounts are described.
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Chapter 6 provides a detailed example of the reggmt value (NPV) approach to the
valuation of mineral and energy resources and eudson on discount rates and
other factors important to the NPV approach.

The seventh chapter, “Presentation and use of yrergounts”, aims to build a
bridge to those people conducting specific researcknergy-related environmental-
economic topics who could usefully employ SEEA-Eyyetlatasets. As such it takes
a different tone than the rest of the chapters bgnahstrating how analyses of
energy-related interactions between the economyeandonment might be carried
out. This is done by presenting various extensan techniques that can utilise the
data of SEEA-Energy. The chapter also introducesnge of indicators that may be
compiled from the SEEA-Energy dataset.
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Introduction

The conceptual framework for th8stem of Environmental and Economic
Accounting for Energy (SEEA-Energy) is a subsystem of thgystem of
Environmental-Economic  Accounts Central Framework (SEEA Central
Framework) focusing exclusively on energy and the frameworks are entirely
coherent. This ensures that SEEA-Energy uses plexithat are consistent with
the 2008 SNA and data in SEEA-Energy can be usedssess such things as
changes in energy intensity, decoupling of energg fuom economic production,
and how the changing make-up of energy within ingas impacting users of
various energy products. Importantly, it meang ®BEA-Energy can inform on
issues within the broader context of integrated iremmental - economic
accounting, for example how energy-related issekde to various environmental
protection activities.

International Recommendations for Energy Satistics (IRES) provides a basis for
high quality energy statistics by recommending détas to be collected and
their concepts and definitions, and classificatidios energy statistics and

balances. Basic energy statistics and energy besarmollected using the

recommendations of IRES can be used as a dataestarrthe compilation of the

physical supply and use tables in SEEA-Energy. SEBArgy builds upon basic

energy statistics and energy balances by preseatinigitegrated set of accounts
that allow full accounting for energy-related ste@nd flows (in physical and/or
monetary terms) and by combining the presentatiohghese physical and

monetary data. SEEA-Energy is underpinned by aesystapproach which

ensures that it achieves full coverage without gapsverlaps — and that all

statistics within SEEA-Energy can be related toheaitber.

The SEEA-Energy framework expands the conventi@tanomic measurement
framework (the SNA), to incorporate flows betweeme teconomy and the
environment, and to highlight certain environmerdativities and expenditures
not shown explicitly in conventional national acotal presentations. The SEEA-
Energy framework also incorporates energy natumaliis both inside and outside
of the scope of conventional economic measurementi records stocks of
mineral and energy resources and changes in theslkessover time. This chapter
provides an overview of the SEEA-Energy accounstrgcture and its rules and
recording principles.

Section 2.2 provides an overview of the SEEA-Enefggmework placing
various energy-related aspects of the economy d&ed environment into a
coherent framework. Using the broad framework dbsd in Section 2.2,
Section 2.3 presents the accounting structure &/SEnergy which is reflected
in supply and use tables, asset accounts, the segud economic accounts and
functional accounts. Section 2.4 describes thenmyges of classifications used
in these accounts.
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Section 2.5 describes stocks and flows in physaad monetary terms and
Section 2.6 describes the economic units thatrarelved. Section 2.7 presents
a range of specific accounting rules and princiglest form the basis of the
recording and compilation of SEEA-Energy accousction 2.8 concludes the
chapter by introducing one of the key outputs fribbea SEEA-Energy framework
- combined presentations of physical and monetatg.d

Overview of the SEEA-Energy Framework

The definitions of national economy and environmastused in SEEA-Energy
constitute the initial measurement boundaries andtrbe clearly defined so that
information can be organised in a consistent wagr dime, across countries and
between different areas of analysis.

The national economy is defined in accordance i@ concept of economic
territory. Economic territory is the area undereetive economic control of a single
government and is the concept used by the SNABSEEA Central Framework. A
national economy therefore comprises the set ¢tutisnal units that are resident in
an economic territory. A resident of a countnaisinstitutional unit with a centre of
economic interest in the economic territory of tbatintry. A unit is non-resident if
its centre of economic interest is not in the ecoicoterritory of a country. In
general, there will be a large overlap betweenehgsts that are resident and those
units located within the geographically defined haaries of a country. For energy
accounts there are two important points relataflisooverlap.

i.  Resident producing units may operate outside ohtteonal territory, for
example ships and aircraft, and fishing operationsnternational and
other nation’s waters. In these cases they areidered to remain
residents of their national economy irrespective toéir location of
operation.

ii. Extraction of mineral and energy resources is abvagnsidered to be
undertaken by resident units. This is consisterihilie SNA treatment
which states that an enterprise that undertakesaeidan is deemed to
become resident when the requisite licences aneedssif not before
(2008 SNA, paragraph 4.15).

The SEEA-Energy geographic scope of the economy #ligns with the scope
of the economy as defined in the SNA, allowing eorst) alignment between
flows in physical and monetary terms. Howeverstheographic boundary is
different from that commonly used for some impottanvironmental statistics
such as air emissions, energy statistics and eneatances. Where these latter
statistics are an information source for the coatph of SEEA-Energy
accounts, adjustments to the data are likely toneeded to account for
differences in geographic coverage. This is egplgcirue for countries with
significant international transport operations, whenarked difference may exist
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between energy accounts and energy balances fdlirteenergy-related
aggregates.

Figure 2.1 illustrates the principles for recordiagergy use according to the
territory principle and residence principle. Energgtistics and balances capture
operations in the national territory as designadtedhe first row i.e. by adding
energy used on the territory to resident unitshweibergy used on the territory by
non-residents. The latter includes energy produstsd within the territory to
transport equipment operated by non residents ign entities. In contrast,
SEEA-Energy aims to capture activity of resideras (lesignated in the first
column) regardless of geographic location. SEEAfByeincludes energy
products sold to residents, whether operating wittiie national territory or
abroad. The latter includes energy products saufcem bunkers (i.e. from
stores of inventories) located abroad and usedrdoysport equipment operated
by residents.

Figure 2.1 Residencevs. territory principlefor energy use

Residents Non-residents

National territory

Energy statistics
and balances

Sold on territory to Sold on territory to non-
resident units residents (foreign, tourists,
transport companies,
embassies)

Rest of the World abroad (tourists, transport

Sold to residents operating

companies, etc.)

SEEA-Energy

2.10

The measurement scope of the economy is generafipedl by the production
boundary. SEEA-Energy does not measure flows thatcansidered entirely
‘outside of the economy’. The production boundagfimes the scope of those
economic activities that are carried out under ¢batrol and responsibility of
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economic units and that use labour, assets andsgand services to produce
outputs of goods and services (collectively knowrpeoducts).

The production boundary is significant for SEEA-Emqe since all goods and
services that are considered to be produced aeetefély considered ‘inside the
economy’, while materials that are considered noydpced are ‘outside the
economy’. For example, oil in its natural statecemsidered non-produced but
petroleum products made from oil are considereddpced’. Flows between the
economy and the environment are thus determinedvigther they cross this
production boundary.

The economy can also be considered from the petispesf economic assets.
Economic assets are stores of value which are ovamedfrom which benefits
can be derived over time; such assets have a mgnetdue. They provide
capital inputs to production processes and areuacsoof wealth for economic
units, including households. Many economic assetspaoduced (e.g. buildings
and equipment) but many are non-produced, for exampineral and energy
resources.

The measurement of physical flows related to energy

A key focus of measurement in SEEA-Energy is the o physical units to
record flows of energy and energy-related materthbst enter and leave the
economy and corresponding flows within the econdtaglf. In broad terms,
energy natural inputglow from the environment into the economy, energy
products circulate within the economy, and energy-relatedidualsi.e. the
materials and energy discarded or emitted as altresiu energy-related
production, consumption and accumulation activitflew from the economy
into the environment

From Figure 2.2 we see that energy may enter tlb@auy as. Alternatively,
energy enters the economy through imports of en@rggucts from the rest of
the world.

For energy products a distinction is made betwedmary energy products and
secondary energy products. Primary energy prodaceés the result of the

extraction or capture of energy natural inputs frdma environment. In Figure
2.2 we see that once energy natural inputs have brgacted they may become
energy products and are delivered to economic doitsise within the economy.

Primary energy products include heat and elecyriptoduced by harnessing
energy from renewable sources from the environnm{&mt example solar or

hydropower).

Secondary energy products result from the transétion of primary or other
secondary energy products into other types of gnemgpducts. Examples
include petroleum produced from crude oil, eledtyiproduced from fuel oil and
charcoal produced from fuel wood.
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Having entered the economy, energy products maydssl directly for fuels,

they may be converted into other energy productthey may be exported to the
rest of the world. However, in some cases, engngpducts may be used to
produce non-energy products such as plastics amgih. Further, some energy
products are produced from inputs which are notmradly considered to be

energy products, for instance, energy produced ftbenincineration of waste,

and crops transformed into biofuels.

Energy products may be temporarily accumulatednwemtories for use in a
subsequent period. Similarly, some energy prodactsimulated in an earlier
period may be taken from inventories to be usetthéneconomy or for export.

Figure 2.2 Physical flows of energy

Rest of the world

! National territory
territory

Natural resource inputs;
energy from renewable
sources; energy inputs to
cultivated biomass

extraction and capture of energy
-

Rest of
the world economy Non-residents
on national

(economic territory

activities
by non-residents)

AL AN

exp s\

i L
National economy
Residents on . N
rest of the {eoon(_)mm activities
world territory by residents)
use of energy

+— by industries |
and households .

residuals *

v

I Flows between the environment and the economy

——p  Flows within the economy

Energy products used as fuels, together with tlheuséd for combustion, are
transformed into heat or electricity accompaniedabyoutput of residuals in the
form of solid waste such as fly ash and slag, eimissof greenhouse and other
gases, and evaporation of water, and so on. Thessduals are represented by
the dotted line in Figure 2.2 going from the nasibneconomy to the
environment. The solid waste from energy combust®msed either as inputs
into the production of products (for example, flghamay be used in the
production of plasterboards) or it is accumulatedvaste disposal sites. In some
cases, waste may be exported to other countrigs,ajsl some may be imported
into the economy in focus.



2.20

2.21

2.22

2.23

2.24

2.25

Energy residuals are another type of residual flmMrom the economy to the
environment. Examples of energy residuals includgneral and energy
resources lost during the process of extractiorci{sas flaring of natural gas
during extraction); energy lost between the poinéxtraction/supply and a point
of use (for example, electricity lost from the distution network into the

environment); losses during storage (for exampbkages of energy products
such as LNG during storage) and losses occurrimgnguransformation, such as
occurs when coal is used to generate electricity.

Flows within the economy include flows between ttagional economy and the
rest of the world, as seen in Figure 2.2. Sincent@igonal economy is defined in
terms of the activities of resident units, a onet@ relationship does not exist
between the national economy and the nationaltbeyri Some of the flows to

the national economy may take place on foreignittesr and some flows on the
national territory may relate to activities of fagge units. Such flows are often
related to international transport activity and described in Chapter 3.

The measurement of energy natural inputs

The use of energy natural inputs by the econontinked to changes in the stock
of energy natural input assets that generate thgmets. Accounting for energy
natural inputs in both physical and monetary teimm&n important feature of
SEEA-Energy.

SEEA-Energy includes as physical assets mineralearatgy resources such as
coal, oil, natural gas and uranium ore to the extbat they are able to bring
benefits to humanity. Chapter 5 of the SEEA Central Framework provides
extensive guidance on the definition of environnaéassets and the principles of
asset accounting.

A complete description of the measurement of miherad energy resources
including various individual components is preseénte Chapter 5 of SEEA-
Energy.

Other energy-related stocks and flows

In addition to the measurement of stocks of minewrad energy resources, and
energy-related flows between the environment arel éhonomy, the SEEA-

Energy framework records certain other energy-eelaeconomic stocks and
flows. Examples of other energy-related economacist include inventories of

energy products and produced assets used in thecgrh of mineral and energy
resources and in the generation of energy produaspenditures to

decommission power plants, and taxes and subsidiésggned to change the
amount and type of energy used by humanity. Thgsestof flows are becoming
increasingly important tools in achieving energiated environmental policy

objectives.
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Main accounts and tables of SEEA-Energy
Introduction

SEEA-Energy organises and integrates the informatin the various energy-
related stocks and flows of the economy and therenment in a series of tables
and accounts. SEEA-Energy utilises the followingety of tables and accounts:
(i) supply and use tables in physical and monetamns showing flows of energy
natural inputs, products and residuals; (i) asseounts for mineral and energy
resource in physical and monetary terms showingstek of resources at the
beginning and end of each accounting period andchiamges in the stock; and
(iii) accounts showing energy-related transactioms. addition, functional
accounts may be prepared to highlight certain esooactivities undertaken for
environmental purposes. A range of additional daéy be introduced into these
tables and accounts, including population, demdgrapand employment
information relevant to the analysis of energy-redhissues.

The strength of the organisational framework of 8HEergy comes from

consistently applying definitions for stocks andwk across different types of
energy natural inputs and different energy aredefining the different economic
units and locations in the same way; and using comrulassifications for

physical and monetary accounts. Further strengtimesofrom these various
definitions and classifications being consistenthvwthe corresponding definitions
and classifications used in the SEEA Central Fraorkwthe SNA and economic
statistics more broadly.

The compilation of energy accounts using SEEA-Ewettpes not require
completion of every table and account for all tymésenergy natural inputs or
theme. SEEA-Energy can be implemented in a moduéar taking into account
those aspects of the environment and the energgtgin that are most important
to a country. At the same time the ambition shawédto fully account for the
environment-economic energy structure within a dounand to provide

information on energy-related issues of nationafl gghobal concern using a
common measurement framework.

This section introduces the different tables thi part of the SEEA-Energy
framework and shows the nature of their statistind the integration between
them. The explanation is stylised, as the realftpacounts compilation is more
complex, but the basic logic and intent of the agh explained in this section
applies throughout SEEA-Energy.

Supply and use tables

Physical supply and use tables (PSUTS)

Physical flows are recorded in SEEA-Energy by cdmgisupply and use tables
in physical units of measure. These tables arencomly known as physical
supply and use tables, or PSUT. PSUT are usedsdesa how an economy

10
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supplies and uses energy and can also be usedtoirex changes in production
and consumption patterns over time. In combinatoth data from monetary
supply and use tables, changes in productivity iatehsity in the use of energy
natural inputs and the release of residuals caexbenined.

Table 2.1 provides an introduction to PSUT. Thare a range of additions and
refinements that are required to this basic PSUTawer all relevant flows of

natural inputs, products and residuals. Theseeaptained in greater detail in
Chapter 3.

The PSUT structure is similar to the monetary sy@pld use tables described in
the next section with the PSUT containing extensitm incorporate rows for
energy from natural inputs and residuals relateenergy.

The column for Government does not appear in théTP®r energy because, in
physical terms, government activity is completeécarded within the column,
‘intermediate consumption’ (by industries). The wmoh for Households relates
purely to the consumption activity of households.arM households also
undertake a range of production activity includthg collection of fuelwood and
the generation of energy through the use of solanefs, etc. All of this

production activity and the associated natural ta@nd residuals is recorded in
the column ‘Industries’.

Table 2.1 Basic form of a Physical Supply and Use Tablefor Energy

SUPPLY TABLE

natural
inputs
Energy

Energy from

Rest of the Totals

World

Industries Households Accumulation Environment

Total supply of
energy from
natural inputs
Total supply of

Energy inputs
from the
environment

Output

products

energy products

Residuals Energy- Energy-related | Energy-related Total supply of

related to related residuals residuals from energy-related

energy residuals generated by accumulation residuals
generated by| household

industry consumption
USE TABLE

Industries Households Accumulation Rest of the | Environment Totals

World

Energy from | Extraction of Total use of
natural natural energy from
inputs energy natural inputs

inputs
Energy Intermediate | Household Inventories etc. | Exports Total use of
products consumption | consumption energy products
Residuals Collection & Accumulation of Energy-related | Total use of
related to treatment of energy-related residual flows | energy-related
energy energy- residuals direct to residuals

related environment

residuals

2.34 The supply and use identity applies within the PS0Menergy. Thus, for each

product measured in physical terms (for exampléej@wf coal) the quantity of
domestic production (output) and imports (total @ypof products) must equal
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2.35

2.36

2.37

2.38

2.39

the consumption (both intermediate and final), demnin inventories and exports
(total use of products). The equality between suppd use also applies to the
total supply and use of natural inputs and thel spply and use of residuals.

Physical energy flow accounts are a special cadeaasubset of the physical flow

accounts of the SEEA Central Framework. Physioargy supply and use tables
may be compiled first by using original mass andupm@e measures such as
tonnes, litres and cubic metres or units specdicenergy, such as Sm3 (standard
cubic metres). However, because it is useful tasuee energy natural inputs and
products by its calorific energy content, it is sesunended that accounts use a
common energy unit of Joules.

The SEEA-Energy framework includes additional tabihich follow the general
supply and use format, but which introduce a raoigkeatures specific to energy
accounts. One such additional SEEA-Energy tabla isse table showing the
purpose for which the energy product is used, kample, for transport, heating,
etc., and for other energetic and non-energetipgaes.

Three additional SEEA-Energy tables focus on a) shpply of primary energy

and imports; b) the conversion of energy; and e)ehd use of energy. The latter
presents energy use without the double countingrargy which is a general
feature of the standard supply and use tables.s @buble counting arises from
the inclusion of both primary energy (for exampteal) and converted energy
(electricity); the latter being the result of prirgaenergy used by energy supply
industries. The specific presentation of the epdtgws and the split between

supply of primary energy, energy conversion and esel of energy is similar to

the presentation of energy flows in energy balaroesrding to IRES.

In addition to the supply and use identity, the FSidcorporates an identity
concerning flows between the environment and thenemy. This second
identity, known as the input-output identity, recps that the total flows into the
economy (for example in the form of natural gaga@cted from natural deposits)
are, over an accounting period, either used in yectdn processes, consumed by
final users, accumulated in the economy or returteedhe environment. The
input-output identity also applies at the level lmduseholds and industries.
Further details on the compilation of PSUT are pn¢ed in Chapter 3.

Monetary supply and use tables

The basic form of a Monetary Supply and Use TablteEnergy is shown in table
2.2. Monetary supply and use tables in SEEA-Enéugly articulate in monetary

terms the flows of energy products in an economiyvben different economic

units. Monetary supply and use tables have thégirss in economic accounting
and the PSUT utilise the organisational principdesl characteristics of these
tables. Nevertheless, while the PSUT for energgtaia three main types of
flows i.e. energy from natural inputs, products aesiduals, the monetary supply

12



and use table for energy essentially records onbsé flows related to energy
products.

2.40 Monetary supply and use tables for energy providectural information on the
energy sector and the level of activity in thisteec They also provide detailed
information on the types of entities within the romy who are using these
energy products. Monetary supply and use tablesefergy can readily be
integrated with PSUT for energy to create a poweafialytical tool.

2.41 Chapter 4 provides greater detail on the orgamsati structure of monetary
supply and use accounts for energy, as well afléhes recorded and aggregates
contained in these accounts. Full details on tkéndions of the different
variables that comprise the monetary supply and tabées are described in
Chapter 14 of the 2008 SNA.

Table 2.2 Basic form of a Monetary Supply and Use Tablefor Energy

Industries Households Government Accumulation Rest of Total
the world

Supply table
Products Output Imports  Total supply
Usetable
Products Intermediate Household final Government final Gross capital Exports  Total use

consumption  consumption consumption formation (incl.

expenditure expenditure  changes in inventories)
Value added

Classifications for supply and use tables

2.42 In the compilation of supply and use tables in bplilysical and monetary terms,
an important factor is the use of consistent cfasgions for the main economic
units and products. In SEEA-Energy, industries @msistently classified using
the International Standard Industry Classificatioih Al Economic Activities
(ISIC), energy products are consistently classifieding the Standard
International Energy Classification (SIEC) and ttHetermination of whether
particular economic units are within a particulational economy is based on
the concept of residence.

2.3.3 Asset accounts

2.43 The intent of asset accounts is to record the opeand closing stock of assets
and the various types of stock changes over anuaticny period. Asset accounts
are compiled only for mineral and energy resourckskey motivation for
accounting for mineral and energy resources isssess whether current patterns
of economic activity are depleting and/or degradawgilable energy resources.
More broadly, information from asset accounts can used to assist in the
management of energy natural inputs.

2.44 Mineral and energy resources within SEEA-Energyude all known deposits,,
including those with no present economic value.s@sh, they are defined more
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2.45
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broadly than in the 2008 SNA which include only gshoinputs meeting the
definition of an economic asset. An asset accosngenerally structured as
shown in Table 2.3. It starts with the opening ktot resources and ends with
the closing stock of resources. In physical tertee changes between the
beginning and end of the accounting period arerdembas either additions to the
stock or reductions in the stock and wherever fbsshe nature of the addition
or reduction is recorded. In monetary terms, thmesantries are made but an
additional term is included to record revaluatidnsthe resource stocks. This
entry accounts for changes in the value of assets an accounting period due to
price movements for the resources.

Table 2.3 Basic form of an asset account

Opening stock of resour ces

Additionsto stock of resources
Growth in stock
Discoveries of new stock
Upwards reappraisals
Reclassifications

Total additions to stock

Reductionsin stock of resources
Extractions

Normal loss of stock
Catastrophic loss
Downwards reappraisals
Reclassifications

Total reductions in stock

Acquisitions less disposals of resources
Revaluation of the stock of resour ces *

Closing stock of resour ces
* Only applicable for asset accounts in monetarynte

Other changes in environmental assets are causedatwal phenomena, for
example, an earthquake causing the collapse ofn@.n8ome changes between
the opening and closing stock are more purely agigog in nature and reflect
changes due to improved measurement (reappraizath)e to differences in the
definition or composition of the asset (reclassifions). The reassessment of the
size and quality of oil resources is an exampla oéappraisal. Reclassifications
are recorded when for example a mineral and enezggurce is reclassified as
another type of mineral and energy resource.

Asset accounts can be compiled for individual typésmineral and energy
resources. However, in monetary terms, there mainteeest in aggregating the
values of all energy assets at the beginning ardl nthe accounting period.
Such aggregations can be presented in balancesshémigside the value of
various other assets (e.g. produced assets amicfaiassets).
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Energy from renewable sources presents a speaal icathat renewable sources
used in the generation of energy cannot be exhdusta similar manner to non-

renewable natural inputs such as oil. In SEEA-Cdnftramework the value of

the renewable source is in general included asqgidhe value of associated land
(for solar, wind, wave and tidal and geothermalater (hydro). The treatment
of asset accounts for assets related to the geoerat energy from renewable

sources is further discussed in Chapter 6.

The capacity to account for levels of mineral anérgy resources and changes
in these levels, and to analyse the state of thgadts, is a fundamental role of
SEEA-Energy. There are however many conceptual faadtical measurement
challenges, often unique to particular energy asseEhese measurement issues
are discussed in detail in SEEA-Energy Chaptenscbta

The connections between supply and use tables and asset accounts

The different tables of SEEA-Energy are compiled different purposes and

highlight different aspects of the relationship vibe¢n the economy and the
environment. At the same time, there are closeslin&tween the supply and use
tables and the asset accounts.

The opening and closing stocks for a given peripdear in the asset account.
Some components of the changes in the stocks alzeaa in the supply and use
tables, for example, gross capital formation antursh inputs are included in

both tables. Some aspects of changes in stocksoanecorded in the supply and
use tables and these are labelled ‘other changesssets’. Examples of such
changes include discoveries of mineral and eneegpurces, losses of energy
natural inputs following catastrophic natural ewemind, within the monetary

accounts, changes in the values of mineral andggnezsources due to price
changes.

Specific-pur pose accounts

While monetary supply and use tables can be usedg@anise and present certain
types of transactions of particular relevance ® e¢hvironment, environmentally
related transactions within supply and use tablssally require additional
disaggregation because the conventional industdy @oduct classifications do
not necessarily highlight environmental activit@sproducts.

By highlighting environmental activities and prodisic information can be
presented on the economic response to environmessta¢s. Particular items of
interest could include energy-related subsidies #axes; trades related to
tradable permits to emit carbon; and expendituesdécommission nuclear
power plants.

The construction of specific-purpose accounts asdoeiated information is
discussed further in Chapter 4.
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Economic units
Introduction

In addition to defining various stocks and flowdiet key component in
accounting for the interaction between the econ@amg the environment is the
definition of the units involved.

For SEEA-Energy, the units involved are economiitsuwho interact with each
other and that are able to make decisions abouptbe@uction, consumption and
accumulation of goods and services. They are ifledsin different ways
depending on the type of analysis being undertakémp.focus of this section is a
description of these economic units. The secti®o arovides a discussion on
reporting units for statistical purposes. In thentext, both economic units and
‘units’ within the environment — for example mink@nd energy deposits, are
relevant notions.

Institutional sectors

The starting point for considering economic unisai focus on the purposes,
objectives and behaviours of individual economigtaininstitutional units are

those individual economic units that are capableowhing assets, incurring
liabilities, and engaging in transactions and otheonomic activities with other

economic units. These institutional units may bthesi households, or legal or
social entities (such as corporations) that aregeised independently of the
people that own or control them. Groupings of unftat are similar in their

purposes, objectives and behaviours are definédstisutional sectors.

SEEA-Energy, consistent with the SEEA Central Frammk and SNA,

recognises five institutional sector: HouseholdspnMinancial corporations,
Financial corporations, General government and Roofit Institutions Serving
Households (NPISH). Although important in the comtef the SNA, the

distinction between non-financial and financial porations is far less significant
in SEEA-Energy and hence, generally, these areepted as one sector,
Corporations. The 2008 SNA Chapter 4 defines anscrilees the different
institutional sectors in detail.

Enterprises, establishments and industries

An enterprise is the view of an institutional umi$ a producer of goods and
services. Enterprises undertake production in geasf different ways including
as profit making businesses, as a part of househollity or as part of the
function of government. Importantly, an enterprissn own assets and acquire
liabilities and has the capacity to engage in taatisns and other economic
activities with other economic units.
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An enterprise may be comprised of one or more éstabents and hence may be
located across multiple locations within a singtemomy. An establishment is a
unit situated in a single location and within whianly a single type of
productive activity is carried out or within whiehsingle productive activity (the
primary activity) accounts for the majority of thelue added.

The ability to define and observe establishmentd amterprises and determine
the types of goods and services they produce ibeatheart of supply and use
accounting. Meaningful analysis can be undertakerare aggregate level by
grouping units that undertake similar types of pwde activity and by
grouping goods and services that display similarabteristics.

In SEEA-Energy, as in the SNA, the groupings ofiBBshments that undertake
similar types of productive activity are referredds industries. Within SEEA-
Energy, establishments are classified into indestrusing the International
Standard Industrial Classification of All EconomActivities (ISIC). Industries

cover, broadly, agriculture, mining, manufacturirggnstruction and services —
the latter including electricity, gas, steam and @inditioning supply services.
Ideally, an industry is composed of establishmethiat undertake the same
activity and only that activity — i.e. the groupirsghhould be homogenous. In
practice, many establishments undertake a varieagiivities but have a primary
activity that can be used to assign a specific $tiuclass for that establishment.

In both physical and monetary terms the productasmd use of goods and
services within establishments are referred tooam*account’ activities. In the

SNA, own-account activity covers activity relatitg either final consumption or

investment undertaken by the economic unit (owroant final use). The SNA

does allow the possibility of recording separatsyne own account intermediate
use activity, described as ancillary activity, Ihits is limited to a specific set of
activities!

For some purposes of environmental and economiouating, it may be
relevant to identify the secondary activities of astablishment and also
activities undertaken within an establishment butere output is not sold to
other units. This is particularly the case in agding for physical flows of
energy where measuring all transformations of en@rgducts is likely to be of
interest. Generally, the recording of physical ffoimternal to establishments is
only undertaken in specific circumstances; howenesome cases there may be
great interest in these types of flows, for examphere is considerable interest
in cogeneration of energy within business sitesngisheat recovery steam
generators.

In the compilation of functional accounts, it mag belevant to identify the
secondary and other activities of establishmen#t #re being undertaken for
environmental purposes such that a complete desmmipf relevant activity can

! See 2008 SNA Chapter 5.
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be made. An example of such activity is the usemqfipment designed to remove
sulphur dioxide from coal. For the compilation ofinttional accounts on
environmentally-related activities and flows, SEEAergy aims to separately
identify these types of activities and flows.

A particular area of own-account activity in bothygical and monetary terms
concerns households. The activities of householésad potential interest in

SEEA-Energy, for example, in informing of househalde of certain energy
natural inputs e.g. collection of fuel wood; or thee of solar panels sited on
houses. As in the SNA, where such activity is Bigant, it is recorded together
with that of other units undertaking the same aigtiv

Reporting unitsfor statistical purposes

The discussion of economic units in this sectios Facused on the ability of
these units to operate within an economy as aqtaicipants. In statistical
terms, these units are often also the focus of oreasent as units of observation
or reporting units. Depending on the structurdndérmation within a country,
economic data are likely to be available for mogbes of economic units
particularly for enterprises and, in some cases ifmlividual establishments.
However, since the ownership structures of entsegrican vary significantly and
since some enterprises may produce a range ofreliffeproducts, matching the
conceptual model to the information available may lme straightforward.

In the physical supply and use table of SEEA-Endhgyenvironment is added as
an additional column alongside industries, housg$haind the rest of the world.
This reflects the importance of recording flowsvee¢n the economy and the
environment. Nevertheless, in SEEA-Energy the mmwnent is not considered
an additional type of unit akin to economic unitRather, the environment is
seen as passive with decisions regarding the supplpatural inputs to the

economy and the receipt of residuals from the eognbeing made by economic
units.

At the same time, the collection of information abothe environment,
particularly as it concerns environmental asseexjuires consideration of
appropriate environmental reporting units for stiétal purposes. These
reporting units reflect the parts of the environmalbout which statistics may be
collected and presented, for example, mineral amergy deposits. In many
cases, it will be possible to align the environnaénteporting unit and an
associated economic unit.

Classifications
Introduction

The SEEA-Energy framework covers a range of digegd and therefore utilises
a number of classification systems ranging fromsthownith an essentially
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physical focus to those typically used for econoriécounts. SEEA-Energy is a
subsystem of the SEEA Central Framework and iténdef characteristic is its

specific focus on energy-related flows and stocksn—both physical and

monetary terms. It is therefore critically impartehow SEEA-Energy defines
and classifies the various stocks and flows of gnémcluded in the framework.

It is important to know those industries that axéracting mineral and energy
resources; producing and using energy products;usngrtaking energy-related
transactions. The classification of industrieshisrefore important. This section
starts by describes the basic structure of thernateonal Standard Industrial
Classification of All Economic Activities (ISIC) a@npresents a more detailed
correlation between various mineral and energyusses and the industries that
typically extract them.

This section also introducing the classificationesfergy natural inputs. These
inputs are discussed more fully in Chapter 3 ardcéosely related to the energy
products arising from these inputs. In turn, tledimtion and classification of
energy products is of fundamental importance to SHHhergy since this
essentially determines the scope of this framew@EEA-Energy and IRES use
identical notions and classifications of energy duas i.e. as set out in the
Sandard International Energy Product Classification (SIEC). From an
analytical viewpoint, there is great interest iroWning whether energy products
are primary or secondary in character. There aonsiderable interest in
whether these sources are renewable or non-renewahiature. Therefore, a
discussion of primary/secondary and renewable/mmewable energy products
appears below.

Classification of industries
Industries

Industries are groupings of establishments engagéide same, or similar, kinds
of activities. An establishment is assigned to adustry according to its
principal activity, i.e. the activity whose valudded exceeds that of any other
activity carried out within the same establishmefh establishment may in
addition carry out secondary activities for own ,use for delivery outside the
establishment. Steam, for instance, may be pratlune a steelworks from
surplus heat as secondary activity and a manufactucompany may, for
instance, produce electricity for own use.

The classification of industries in SEEA-Energy Idals the International
Standard Industrial Classification of All Econonfictivities, I1SIC, Revision %

2 The following description of the industries is &don the description of ISIC rev. 4,
http://unstats.un.org/unsd/cr/registry/regcst.@p27&Lg=1
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ISIC includes all the relevant economic activitfes describing the extraction of
energy natural inputs, and the transformation asttidution of energy products.
These activities mainly take place within the fallag three sections:

e Section B — Mining and quarrying
e Section C — Manufacturing

» Section D — Electricity, gas steam and air conditig supply

Establishments extracting mineral and energy ressias rincipal activity are
included in ISIC Section B, Mining and quarryin@he section is further divided
into the following divisions

e ISIC Division 05 - Mining of coal and lignite

» ISIC Division 06 - Extraction of crude petroleundamatural gas
» ISIC Division 07 - Mining of metal ores

» ISIC Division 08 - Other mining and quarrying

» ISIC Division 09 - Mining support service activiie

These industries also carry out certain supplemgraetivities aimed at preparing
the crude materials for marketing, for example,sbing, grinding, cleaning,

drying, sorting, concentrating ores, liquefactidnnatural gas and agglomeration
of solid fuels.

ISIC Divisions 05 and 06 are concerned with miniugd quarrying of fossil
energy (coal, lignite, petroleum, gas); while Digiss 07 and 08 relate to metal
ores, various minerals and quarrying products.

Some of the technical operations of mining and guag, particularly related to

the extraction of hydrocarbons, may also be caroed for third parties by

specialized units as an industrial service. Suchices are included in Division

09 and represent specialized support servicesentadito mining and provided on
a fee or contract basis. It includes exploratiomvises through traditional

prospecting methods as well as drilling. Other ¢gpiservices cover construction
of oil and gas well foundations, cementing oil ajas well casings, draining and
pumping mines, overburden removal services at miaed so on.

Section B excludes the processing of the extraotaterials (which is included
instead in Section C - Manufacturing), separate giteparation activities for
mining (see Class 4312) and geophysical, geologid aeismic surveying
activities (included in Class7110).

The ISIC divisions are further subdivided into Gpswand Classes on the basis of
the principal mineral produced. Table 2.4 linksafie mineral and energy
resources to the ISIC industries which undertalkeetkiraction activities for

these specific resources.
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Table 2.4 Energy natural resourceinputsand industries extracting them

Energy natural resource
Energy classification, cf. Chapter 3)

inputs (SEEA-

I SIC Groups and classes within Section B

Oil resources

061 — Extraction of crude petroleum

Natural gas resources

062 — Extraction of natural gas

Coal and peat resources

05 - Mining of coal and lignite; 0892 - Extractic
of peat

n

Uranium and thorium ores

0721 - Mining of uranium and thorium ores

Industries capturing energy from renewabl e sour ces

Energy from renewable sources is recorded as a f@bwputs of energy from

renewable sources to the economy. The industryuciaygt this energy then
records a produced output in the form of an enepggduct, for example
electricity. Accordingly, the use table then recorithe use of this electricity

The principal activities of capturing heat and &leity from renewable sources,

i.e. as primary energy, are included in ISIC SetiibElectricity, gas, steam and
air conditioning supply. More specifically Class1BbElectric power generation,
transmission and distribution include the operatadngeneration facilities that
produce electricity including thermal energy, whiléass 3530 - Steam and air
conditioning supply include production of steam dod water for heating, power

Within ISIC C, Division 19 Manufacture of coke argfined petroleum products

2.81
product.
2.82
and other purposes.
Further discussion of industries involved in extraction and production of energy
2.83
is of specific relevance in relation to the prodoctof energy products. It is
further subdivided into the following Groups:
* ISIC Group 191 — Manufacture of coke oven products
e ISIC Group 192 — Manufacture of refined petroleumdoicts
2.84

These industries transform crude petroleum and delivered from ISIC Section

B Mining and quarrying into other energy product¥he dominant process is
typically petroleum refining, which involves thepsgation of crude petroleum
into component products through techniques suclerasking and distillation.
Also included is the manufacture for own accountpobducts such as coke,
butane, propane, petrol, kerosene, fuel oil etovel as provision of processing
services (e.g. custom refining). Petroleum refi@gninay also produce petroleum
based gases such as ethane, propane and butane.

21



2.85

2.86

2.87

2.88

2.89

2.90

291

The enrichment of uranium and production of elemett allow the use of
uranium in nuclear reactors takes place in ISICs€12011 Manufacture of Basic
Chemicals.

ISIC Section D Electricity, gas, steam and air dooding supply includes the
following three Groups:

* ISIC Group 351 - Electric power generation, trarssian and distribution

* ISIC Group 352 - Manufacture of gas; distributidrgaseous fuels through
mains

e ISIC Group 353 - Steam and air conditioning supply

These industries provide electricity, natural getgam and hot water through a
permanent infrastructure (network) of lines, maamsl pipes. Also included is
the distribution of electricity, gas, steam, hottevain industrial parks or

residential buildings. The operation of electritdagas utilities, which generate,
control and distribute electricity, gas and stearalgso included.

These industries produce secondary energy by ctingesther energy products,
but in addition they produce, as described abovingry energy by capturing,
for instance, energy from sun and wind, and progy@lectricity and heat from
it.

Note that the separate ISIC classification of elegtower (ISIC Group 351) and
steam (ISIC Group 353) is artificial, when it coriesunits generating combined
heat and power (CHP). The output of electricity ameht can be measured
separately, but the inputs of energy productstier@HP process have to be split
based on assumptions. As a default option the ;ptienergy products for the
CHP process may be split based on reference vdtuweseparate production of
heat and electricity.

Other industriesinvolved in extraction and production of energy

While the bulk of energy products are imported oroduced by the

abovementioned industries, other industries maprinciple be involved in the

capture of energy from natural inputs. Moreoverjsitnot unusual that other
industries are involved in the production of enemgducts (such as electricity
or heat) as a secondary activity.

The starting position for recording such activitisghat such activities should be
assigned to the industries actually carrying theam oFor instance, electricity

and heat produced in relation to incineration okigashould be recorded as the
result of activities of ISIC Class 3821 - Treatmant disposal of non-hazardous
waste. Nevertheless, it should be observed, tharactice often a reallocation

of activities in such industries as agriculturensiuction, trade and energy
supply take place when the national accounts arese This requires that data
from basic statistics regarding secondary actigitieindustries be transferred to
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the relevant primary industries when the data atered into the supply and use
tables.

Therefore in order to ensure consistency with thdomal accounts, it may be
necessary to make a similar reallocation of thevfl@f energy products in order
to ensure consistency with the national accountsuch a reallocation is made
the result is that the supply and use tables besasparse in the sense that all
industries must be shown but that most flows araceatrated into a small

number of industry columns (i.e. those industriessatibed in the previous

sections).

In addition to the core activities of extractingdaproducing energy products by
the abovementioned industries, supplementary die$viare carried out by other
industries. Examples include transport activisegh as long-distance transport
of gas through pipelines, or transport of energgdpcts by ships, trains and
trucks carried out by ISIC Section H Transportatiom storage.

Classification of energy natural inputs
Energy natural inputs

The classification of energy natural inputs by ty{@@ble 2.5) is used in the
supply and use tables in order to show the flowssarfious inputs of energy
natural inputs to the economy. It is also usedhim asset accounts to show the
various types of energy natural resource inputsl ngthin the economy. This
supports one of the aims of physical supply and tabées for energy, namely,
the presentation of a full correspondence betwherrécording of energy-related
flows and stocks.

Table 2.5: Energy natural inputs

(Energy) natural resource inputs
Mineral and energy resources
Oil resources
Natural gas resources
Coal and peat resources
Plutonium and thorium
Timber resources (natural)
Inputs of energy from renewable sources
Solar
Hydro
Wind
Wave and tidal
Geothermal
Other heat and electrical
Other natural inputs
Energy inputs to cultivated biomass
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The classification of energy natural inputs progide classification byype of
resource and is based on the purpose of the nanpats. At the top level the
three types of energy natural inputs are natursbwece inputs, inputs of energy
from renewable sources and other natural inputerdier to make an assessment
of whether energy natural inputs are also econaasgets it is also necessary to
assess ‘quality’ and ‘knowledge’ aspects of themsources. Consequently, the
classification of energy natural inputs and theselg related determination of
‘economic’ energy natural inputs are discussed nfglhg in Chapter 5.

When energy natural inputs are extracted from tharenment and subjected to
production processes, the resultant output typicikes the form of an energy
product.

Classification of energy products

Energy products

The IRES states that energy products relate onthdse products exclusively or
mainly used as a source of energy. Such produntlude energy in forms

suitable for direct use (e.g. electricity and heatdd energy products which
release energy while undergoing some form of cosiger (e.g. coal for

combustion, etc.). By convention, energy produntdude biomass and waste
(either solid or liquid) that are converted for the@duction of electricity and/or
heat (IRES, 2011, 2.B).

This definition of energy product emphasizes the ofthe product instead of its
physical characteristics. Within the IRES defioiti of energy products, the
qualifier mainly should be noted, since even if a product is nadgmal
characterized as an energy product, it might di#l used for non-energy
purposes. Similarly, many products which are nmtmally perceived as energy
products may be to some extent used as a soureeeofly. In SEEA-Energy, the
scope of energy products is defined in view of glhepose of the product.

For a product such as crude oil by convention, file amount of its use is
normally described as an energy product in SEEArgne This is because it is
mainly used for energy purposes, even though cribdean be used for non-
energy purposes, e.g. to produce plastics. In sointiee SEEA-Energy accounts
a distinction is therefore made between use of @ngrroducts for energy
purposes and non-energy purposes.

Wood can be used as fuel wood or for other purposesh as for building
materials and pulp and paper. To the extent thatdais not used for energy
purposes, it is excluded from the energy accoumiBile the part used as
fuelwood is included among energy products in SHERrgy accounts.

As a further example, corncobs can be burned tdyoe heat; they can be used
in the production of ethanol-based bio-fuels; agyttcan be consumed as food.
Although, it might be argued that corncobs usedhia production of bio-fuels
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should be regarded as a source of energy, accotditlRES they should not be
included as energy products. Only those corncoded ufor combustion are
included as energy products (IRES, 2011, 2.11)is Thnclusion arises directly
from the use of the distinction between primary aedondary energy products —
a distinction that is important for analytical poges and discussed more fully
below.

Thus, those corncobs used for combustion are tenpni@dary energy products,
while the heat or electricity resulting from thisnsbustion is classified as a
secondary energy product. Bio-fuels made from cobs are, however,
characterized as a primary energy product and twerall inputs used for the
production of such bio-fuels fall outside the scopé energy products.

Primary and secondary energy products

Primary energy products result from the extractoorcapture of energy natural
inputs from the environment. When energy natungluis have been extracted
they typically become energy products and are dedid from extracting
industries to other parts of the economy. Bio-$uéleat and energy produced by
capturing energy from renewable sources from thevirenment (e.qg.
hydropower, solar and wind) are included as primeargrgy products.

Secondary energy products result from the transdition of primary or other
secondary energy products into other types of engmgducts. Examples
include petroleum produced from crude oil, eledtyiproduced from fuel oil and
charcoal produced from fuel wood.

Note that electricity and heat may be producedeeiths primary or secondary
products. If heat is captured directly from theviemnment through solar panels
or from geothermal reservoirs it is considered écabprimary energy product. If
heat is produced from other energy products sucbtoag oil or electricity it is
considered to be a secondary energy product. [Eotrigity, similar distinctions

apply.

Renewable and non-renewable energy natural inputs

Energy products can be obtained from both renewéhbe solar, biomass, etc.)
and non-renewable (e.g. coal, crude oil, etc.) igpult is important for both
energy planning and environmental concerns to rdisiish between renewable
and non-renewable energy natural inputs, as welb atistinguish between non-
depletable inputs (such as solar) and depletabfewable inputs such as
biomass.

The notion of renewability involves energy naturgduts that can be replenished
by natural processes for an indefinite time peridil.its various forms it derives
directly or indirectly from the sun, or it is geaéed within the earth. It includes
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solar energy, wind energy, geothermal energy, wara tidal energy,
hydropower, biomass and bio-fuels.

References to renewable energy inputs might alstude the requirement that
the energy input should be replenished at a ratepemable or faster than its rate
of extraction. Related to this requirement is theestion of whether the input
underpinning and providing the energy product isoa-depleting factor such as
wind and solar energy, or whether it relies on elicgl renewable input such as a
forest.

For cyclical renewable inputs, time and appropri@i@nagement have a role to
play in the replenishment of these inputs. Foséhenergy inputs the re-growth
and reproduction takes time. If a renewable enémgut is used too rapidly, for
example, under circumstances where forests areeh®@ more rapidly than they
are re-growing, they cannot provide energy for adefinite period of time.
Hence, proper management of a potentially renewaipet, such as a forest,
could be considered necessary to uphold the ‘rehlaiatatus of the input.

In contrast, for renewable energy natural inputging on non-depletable inputs,
ongoing energy production depends largely on #pacity of the available fixed
capital such as windmills and solar panels. In sorases changes to the
surrounding area might impact energy productionr (dxample a new tall
structure blocking the sun).

Although sustainable management is a reasonabl@resgent for determining

the renewability of the cyclical renewable energplt, it seems for statistical
and accounting purposes appropriate not to incthgéemanagement dimension
since it relates to factors which cannot be obs#diesctly when the information

on supply and use of energy products is collectetiracorded in the accounts.

Sandard International Energy Product Classification, SEC

IRES presents a list of internationally agreed migfins of energy products.
These products appear within thgandard International Energy Product
Classification (SIEC) in IRES and are presented at the broadmsl lin Table
2.4,

Table 2.4 Standard International Energy Product Classification (SIEC)
Classes of energy products

0 Coal

1 Peat and peat products

2 Oil shale / oil sands

3 Natural gas

4 Qil

5 Biofuels

6 Waste

7 Electricity

8 Heat

9 Nuclear fuels and other fuels n.e.c

Source: IRES, 2011
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In contrast to the physical flow account of SEEAeEyy the monetary flow
accounts use the Central Product ClassificationQ)CPThe direct comparison of
monetary and physical flow accounts for SEEA-Energguires a working
correspondence between the SIEC and CPC classifisat

Within SIEC the distinctions between primary ands®lary energy products, as
well as between renewable and non-renewable enigngyts are not explicit
classification criteria - though in many cases atire detailed SIEC category can
clearly be assigned to either primary or secondanducts; and also to either
renewable or non-renewable.

IRES (Chapter 3 and Annex A) provides further déstan on SIEC and the
definitions of energy products as well as the didion between primary,
secondary, renewable and non-renewable energy dnputin addition,

correspondences between SIEC and other interndtjmmoaluct classifications,
such as the Harmonized Commodity Description andi@p System (HS) and
the Central Product Classification (CPC) are predith IRES.

Main and Auto producers of electricity and/or heat

Within energy statistics and energy balances, aterprise that produces
electricity or heat as its principal activity is steibed as aMain Activity
Producer. An enterprise that produces electricity wherehsactivity is not their
principal activity is described as aAutoproducer (electricity). And an
enterprise that produces heat for sale where suatilitg is not their principal
activity is described as akutoproducer (heat).’

Information related to Main Activity Producer and/autoproducer status could
be reflected in the tables to support specific wigdl applications, though this
has not been done in the standard tables of SEE&eyn

Accounting rules and principles

Introduction

The recording of accounting entries requires the 0§ a consistent set of
accounting rules and principles. Without theseatesl transactions and flows
may be recorded on different bases, at differemes or with different values
thus making accounting far less useful and recatmh difficult.

SEEA-Energy uses accounting rules and principlessistent with those of the
SEEA Central Framework and the SNA. This sectiomoishuces the rules and

3 Paragraph 5.49nternational Recommendations for Energy Statistics, 2011.
http://unstats.un.org/unsd/statcom/doc11/BG-IRES
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principles of most relevance to the SEEA. Readegseacouraged to refer to the
2008 SNA Chapter 3 for more detail.

Recording rules and principles
Time of recording

One requirement of SEEA-Energy accounting pringgkethat transactions and
other flows must be recorded as occurring at timeespoint in time in the various
accounts for both units involved.

In monetary accounts, the general principle is tretsactions are recorded when
ownership changes and the corresponding claims abidjations arise, are

transformed, or are cancelled. Transactions intetmaone unit are recorded

when economic value is created, transformed omgyished. This approach to
timing of recording is called an accrual basisegarting.

Under an accrual basis of recording, the timingrahsactions may not align to
the timing of the related cash flow. For exampfea igood is purchased and the
purchaser is invoiced for payment within 30 dayg time of recording under an
accrual approach is the date of the purchase -theotlate when the invoice is
paid.

Ideally, the time of the recording of physical flewhould align with the time of
recording of the flows in monetary terms. Howevier,practice environmental
processes may operate on quite different cyclestiameframes compared to the
standard calendar and financial years used in naopetccounting. Adjustments
to account for different underlying cycles of datgphysical and monetary terms
should be made as required.

Units of measurement

For accounts compiled in monetary terms, all estiie the accounts must be
measured in monetary terms and therefore the coergsrirom which the entries
are built up must be measured in monetary termandist cases, the amounts
entered are the actual transactions taking placejrbother cases the amounts
entered are estimated by reference to equivalemetaoy values (for own-
account consumption) or valued at the cost of pctdno (for non-market
output).

For accounts compiled in physical terms, the uhineasurement will reflect the
mass, volume or energy content of the resourceadyct. Measurement units that
are specific to an energy product and are empleyete point of measurement of
the energy flow are often referred to as ‘original ‘natural’ units. Typical
examples are kilograms or metric tons for solidduand barrels, litres or tonnes
for oil; and cubic metres for gases. The actualsunsed vary across countries and
local conditions and often reflect historical preetwithin a country (IRES 2011,
4.9).
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For statistical and accounting purposes and forymgpes of analyses it is useful
to convert original units into a common unit, fotaeple, to compare quantities of
different energy products and/or to estimate edficies. The conversion from
different units to a common unit requires conversiactors for each product. In
the International System of Units’ the joule is the common unit used, though other
common energy units are also applied in practiee,iristance, toe, GWh, Btu,
calories, etc. The use of the joule as a commonh iamiecommended by SEEA-
Energy and by IRES (2011, 4.29).

For each physical energy account, only one uninefsurement should be used
within the account such that aggregation and reitiation is possible across all
accounting entries. For monetary energy accoumty, monetary units should be
used. However, in combined presentations of physicd monetary data a range
of measurement units may be used.

Reference is made to IRES (2011) for further infation on measuring units and
the conversion between units.

Combining physical and monetary data

Introduction

The presentation of information in a format thatmbines both physical and
monetary data is one of the most powerful feataeSEEA-Energy. It enables
SEEA-Energy to provide a wide range of informatamnspecific themes, to compare
related information across different themes andédadve indicators that reflect the
use of both physical and monetary data.

Given the integrated accounting structures for laysand monetary accounts and
statistics, it is logical to use these structuned the common underlying accounting
rules and principles to present both physical armhetary information. Such

integrated formats are sometimes referred to abrithypresentations or accounts
because they contain data in different units. Despe use of different measurement
units, the data sets are presented following comatassifications and definitions,

and hence these presentations are referred torabireed physical and monetary
presentations in SEEA-Energy.

Different forms of combined physical and monetargsentations are possible and,
indeed, there is no standard form for these praiens or accounts. Commonly,
physical flow data are presented alongside infaongtom monetary supply and use
tables but even for this basic approach differentnluinations are possible.
Ultimately, the structures of combined presentatioh monetary and physical data
are dependent on data availability and the vanmlisy questions to be resolved.

While no standard structure can be prescribed, d¢mgpmand contrasting monetary
and physical data in meaningful ways is at the thefathe SEEA philosophy. This

4 See International Bureau of Weights and Measures (BIPM) http://www.bipm.org/en/si/
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section provides a general introduction to combirgtdysical and monetary
presentations. Chapter 4 discusses the compilatfothese presentations. More
detailed presentations involving structures such passentations that cover a
particular theme or topic, for example decouplifgenergy use and economic
growth, are considered in Chapter 7.

The concept of combining physical and monetary data

At the core of combining physical and monetary diatahe logic of recording
physical flows in a manner compatible with econotrémsactions as presented in the
SNA. This linkage guarantees a consistent compaon$@nvironmental burdens with
economic benefits, or environmental benefits witbremic costs. This linkage can
be examined not only at the national level but asodisaggregated levels, for
example, in relation to regions of the economy,specific industries, or for the
purpose of examining the flows associated withekigaction of a particular natural
resource and/or of certain types of emissions.

These presentations combine physical data that meagf more immediate use to
scientists, with monetary data familiar to econasjigand for environmental issues
they therefore have the potential to form a bridg#ween the perspectives and
concerns of these two schools of thought.

Combined physical and monetary presentations ntagrtetely and usefully include
only a limited set of variables, depending on thesmrelevant and pressing
environmental concerns to be taken into considsrati It is not necessary to
complete an exhaustive physical supply and useetablorder to present useful
combinations of physical and monetary data.

A combined physical and monetary presentation thighlights the interaction

between economy and environment and given the irapoe of this interaction to so
many environmental issues, provides a powerfulsbisi analyses required to tailor
the appropriate policy response. Because combiplegsical and monetary
presentations provide consistent environmental es@homic indicators, the trade-
offs in environmental (and economic) terms betwakernative environmental and
economic strategies can be observed and analyadatutarly in the context of time

series.

Building blocksfor combined presentations

Within SEEA-Energy considerable flexibility exists how compilers may choose to
present combined physical and monetary data retatedergy. However, there are
some typical areas that combined presentationsgeiierally include. At a broadest
level these areas cover all of the content destribeSEEA-Energy and from this
content, combined presentations include the vatahhd aggregates that best inform
on the topic or theme of interest.
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SEEA-Energy presents a number of combined monatathyphysical presentations in
Chapter 4. These are supply and use tables irhwhé&physical and monetary flows
are combined and they are useful, firstly, for jowg a basis for analysis of the
links between these monetary and physical flows] ascondly in developing
consistency between the physical and monetary gl use tables.

The basic building blocks of a combined presentatiould include energy-related
monetary flows, physical flows, assets and key eggtes and indicators.

Additional variables and levels of detail may beled according to the questions
to be informed and as data and information requéresh allow. SEEA-Energy is

able to provide a quite comprehensive set of indisaconcerning the state of
energy resources; the supply and use of energyuptsdand the links between
energy and the environment. Possible types of atdis are discussed more fully
in Chapter 7.
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Introduction

SEEA-Energy records various physical flows related energy. This chapter
describes the definition, organisation and purpmfsthe SEEA-Energy physical flow
accounts. The physical flow accounts of SEEA-Endrgye much in common with
the presentation of energy balances as describERES.

Physical flows of energy in SEEA-Energy are orgadisiccording to whether they
represent a supply of energy or a use of energerdgnis supplied when it is
produced — either when extracted directly from émeironment (e.g. extraction of
natural gas or capture of energy using solar pgnetswhen an energy product is
created from another source (e.g. transformatiocoaf into electricity). Energy may
also be imported (e.g. imports of crude oil).

The supply of energy and the use of energy arenisgd and presented in supply
and use tables. In concept and organisation theded closely resemble supply and
use tables as described in the 2008 SNA. They lae samilar to energy balances;
however the SEEA-Energy supply and use tables @ordanumber of important
distinguishing features. These features such asisheof residence principle and the
use of classifications consistent with economicoacts allow for direct comparison
with key economic aggregates such as gross domesbduct, value added,
household consumption and imports and exports.

Physical energy flows recorded within the integdateamework of SEEA-Energy
are coherent not only with monetary flow accourftermergy, but also with monetary
and physical asset accounts. In such a system,yaiqah flow of energy (e.qg.
extraction of coal) can be directly linked to econo flows (e.g. resource rent
generated by the coal extractor), physical assets feduced coal resources) and
economic assets (e.g. reduced market value ofresalrces). The organisation and
combined presentation of energy-related flows ithhghysical and monetary terms
is discussed in Chapter 4.

The framework for measuring energy-related physaal monetary flows is also
aligned with the framework for the measurement aferal and energy resources as
presented in Chapter 5. This is a particularly img@at connection for mineral and
energy resource flows and for the assessment afugtoon processes undertaken
within extracting industries. Relevant flows areasded both in the asset accounts
and in the physical supply and use tables.

Section 3.2 provides an overview of the generalcstmre of SEEA-Energy Physical
Supply and Use Table (PSUT) along with additionetladl on various physical flows
of energy contained in this framework, adding degatd completeness.

Section 3.3 describes a number of principles ofdamental importance to
understanding and recording physical energy flowSEEA-Energy. In particular, it
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explains the treatment of international flows ahd telated accounting of goods sent
abroad for processing. It also describes in gerterats the practice of consolidating
and aggregating the various energy-related phyfimai.

Section 3.4 commences with a general descriptiotheftypes of energy natural
inputs and energy products that are the focus dA&Energy. The supply and use
tables for energy contain a range of industry dietahis chapter provides guidance
on the types of energy flows and specific treatmetot be considered for each
industry. The chapter then gives a descriptionhaf various tables making up the
physical flow accounts of SEEA-Energy — and prosgiden explanation of the
function and purpose of each of these tables.

Section 3.5 completes the chapter with a descriptib interrelationships between
energy statistics, energy balances and energy atzodhere is clearly much
common ground between these three bodies of emetgted information; however
this section focuses on the key differences betwemergy accounts and energy
balances. It provides a description of how bridgf@és can be used to reconcile data
contained within energy accounts and energy bakance

The physical flow accounting framework for energy
Introduction

This section provides details on the physical sy@pd use approach to accounting
for physical flows related to energy. It aims toowide a more complete
understanding of the structure and content of playssupply and use accounts for
energy. The section describes the form of physscgiply and use accounts and its
underlying accounting principles and then defined alaborates the three key flows
presented within this framework — natural input®ducts and residuals.

The physical supply and use table (PSUT) approach

The physical supply and use table is an accountioigstruct for compiling and

presenting all energy entering, leaving and useithiwithe national economy of a
given country for a period of time. It necessardypresses energy flows in a
common unit (joules) and shows the relationshipveen inputs to and outputs from
energy transformation processes. The physical suppdl use table for energy aims
to be comprehensive and records all energy flowhiwithe economy and between
the economy and the environment.

The general framework for the full articulation ehergy-related physical flows is
the physical supply and use tables, an examplehoéwis shown in Table 3.1. This
table is presented for the purpose of providingoagrehensive explanation of
supply and use accounting — it is intended to suppodeeper understanding of



supply and use accounting and is not recommendadpasferred format for national

supply and use tables for energy. Section 3.4 domtaupply and use tables for

energy in the recommended presentation format. rkore details on the general

framework see SEEA Central Framework.
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Accounting and balancing identities

The PSUT contains a range of important accounting balancing identities. Of
primary import are the supply-use identity and itlygut-output identity. The supply-
use identity states that the amount of a produppked must equal the amount of a
product used, most likely by a range of differecd®omic units, or exported.

Total Supply of Energy Products = Domestic production (C) + Imports (D)
isidentical to

Total Use of Energy Products = Intermediate consumption (E) +
Household Consumption (F) + Gross capftaimation(G) + Exports (H)

The supply-use identity applies to energy from natinputs as well as residuals.

The input-output identify requires that over an @atting period energy flows into
an economy must equal the energy flows out of amemy plus any net additions to
stock in the economy.

In terms of Table 3.1 entries, the input-outputitky is:

Materials into the economy = Flows from environment (A) + Imports (D) + Resals

received from the rest of the world (L) + Residuasovered from the environment (M)

is equal to
Materials out of the economy = Residual flows direct to environment (Q) + ExjsofH) +

Residuals sent to the rest of the world (P)

plus
Net additions to stock in the economy = Gross capital formation (G) + Accumulation in

controlled landfill sites (O) - Residuals from prasd assets and controlled landfill sites
(K)

Since natural inputs are transformed and combimed ivide variety of ways and
multiple times, recording a full balance is difficto achieve in practice.

Energy from natural inputs

Where energy is removed or captured from the enwirent by resident economic
units, this is described as energy from naturaluigp The inputs themselves are
collectively referred to as energy natural inpussich flows include energy from
natural resource inputs (e.g. oil, natural gas,nwma, coal and peat, timber
resources), inputs from renewable energy sourcesg. (solar, wind, hydro,
geothermal), and energy inputs to cultivated bisnas

In SEEA-Energy terms, the supplier of these flogvghie environment and the user is
the economy or, more specifically, the user isgbenomic agent responsible for the
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extraction or capture of energy from the environmdextraction of mineral and

energy resources can only be undertaken by residstitutional units. An enterprise
that undertakes extraction is deemed to have be@mesident when the requisite
licences or leases are issued, if not before (2088 SNA)

Energy is extracted and captured either to be usedhe economic unit who
undertakes the extraction (in which case, it i®mefd to as extraction for own use)
or to be supplied to other economic units for fartprocessing or for direct use. The
industry which extracts mineral and energy resasifitem the environment as its
principal activity is classified under Section BI&IC Rev. 4, Mining and quarrying.
The capture of energy from the renewable sourcesm@icipal activity is classified
under ISIC Section A — Agriculture and forestry diighing or ISIC Section D —
Electricity, gas steam and air conditioning supfliie elements of the ISIC industry
classification which are of specific interest te@thnergy accounts are presented in
Section 3.4.3.

Energy from cultivated biomass, including from owdted timber resources, is
treated as being produced within the economy amdénés first recorded as the flow
of an energy product. However, to ensure a comglatance of energy flows in the
PSUT, a balancing entry equal to the energy pradérctm cultivated biomass is
recorded as a component of energy from naturalt;puboth the supply and the use
tables. In the energy from natural inputs parthef tise table the corresponding value
for energy inputs to cultivated biomass is gengraplit among a number of
industries depending on end use.

Solid waste incinerated for energy purposes is #lsated as being produced with
the economy. By convention is it included with athesidual flows

Energy products (flows of energy products)

Energy products are products that are used or nightsed as a source of energy.
They include fuels that are produced or generatedrb economic unit (including
households); electricity that is generated by aonemic unit; and heat that is
generated and sold to third parties by an econamit Some energy products may
be used for non-energy purposes.

Supplies of energy products may arise from impartd through production activity
undertaken by resident units. Energy products aseduby businesses for
intermediate consumption - either for direct usefarinput into a transformation
process to produce other energy or non-energy ptediEnergy products are also
used by households as part of household consumptipithe rest of the world (as
exports), or are stored in the form of inventories.
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Energy-supplying industries and other industriepidglly carry inventories of
energy products. Increases in inventories of en@rggucts are a particular type of
use by industry. Decreases in inventories can anilbe regarded as negative uses
by industry.

Energy products are classified based on the Stdnkiernational Energy Product
Classification (SIEC). At the first level, energyoducts are classified into 10
sections (see Section 3.4.2 for a more detailedrgemn).

Residuals

Residuals are flows of solid, liquid and gaseoudgemals and energy that are
discarded, discharged or emitted by establishmeartd households through
processes of production, consumption or accumulatimr a general discussion of
residuals see SEEA Central Framework.

Energy residuals

Energy residuals comprise energy losses and otiemgg residuals (primarily heat
generated when end users use energy products éogyempurposes). Energy losses
are grouped into 4 groups: losses during extraclimsses during distribution, losses
during storage and losses during transformation.

Oil tankers at sea may lose their cargo throughdeirecked. Such flows should be
recorded as energy-related residuals flowing frobenéconomy to the environment.

Efforts might be made to recover residuals, inahgdnatural resource residuals,
from the environment and bring them back into thber®my either for treatment or
for disposal to a landfill site. This is the onlgse where flows of residuals from the
environment to the economy should be recorded. umarical terms, the amount
may be small but, in respect of particular incideand/or particular locations (such
as the wreck of an oil tanker near a protected t3oamy arouse a sufficient degree
of concern to merit identifying these flows exptigi

The attribution of residuals to individual natioredonomies is consistent with the
principles applied in the determination of the desice of economic units. Residuals
are attributed to the country in which the emittiog discarding household or
enterprise is resident.

Other residual flows

Controlled and managed landfill sites, emissiontwap and storage facilities,
treatment plants and other waste disposal sitescansidered to be within the
economy. Therefore, flows of residuals into theaeilities are regarded as flows
within the economy rather than flows to the envimmmt. Subsequent flows from
these facilities may lead to the creation of otheyducts or residuals, for example,
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waste from managed landfill sites may be combu$bedenergy purposes — in this

case the waste is a product if sold to the energduxcer or a residual if it attracts no
price. When waste is combusted for energy purpdsésrecorded as separately as
energy from solid waste within other residual flows

Other residual flows also include residuals frond-euse for non-energy purposes
such as the use of ail in the production of lubmisa

Principles of physical flow accounting
Introduction

The application of the broad framework for physiflaw accounting outlined in
Section 3.2 requires the adoption of a range ofoawcting principles and
conventions. A number of these, including unitsveasurement, and the definitions
of economic units and industries, are explaineGmapter 2.

This section describes in detail some recordinggipies specific to physical flow
accounting namely, consolidation and aggregatiothénrecording of physical flows,
the treatment of international flows of goods ar ttreatment of goods for
processing.

Consolidation and aggregation of recording of physial flows

The PSUT framework discussed in Section 3.2 rectiodgs of energy between the
environment and the economy, between different egoa units and, where
applicable, records flows within economic units wdhewn-account production and
consumption of energy products is significant. Tt@sording of flows is referred to
in the SEEA Central Framework as ‘gross’ recordimge key advantage of this
approach to recording is that a full reconciliatiohall flows at all levels of the
supply and use table, for example by industry amdlpct, can be made.

However, recording all of these flows may hide sdwag relationships and hence for
analytical purposes, alternative consolidations agdregations of flows have been
developed. These alternative views are often refeto as ‘net’ although the nature
of the consolidations and aggregations may vary hedce there is no single
application of net recording.

It is noted that the terms gross and net are used wide range of accounting
situations. In many situations, the term net isdusenply as the difference between
two accounting items. The terms gross and net kv@ @sed to describe different
aggregates that have different measurement sctSA-Energy avoids the use of

10
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the terms ‘net’ and ‘gross’ as shorthand ways o$cdibing consolidations and
aggregations.

End use of energy is sometimes referred to asuset of energy. The term ‘net use’
is avoided in SEEA-Energy since the term ‘net’ whesed in respect of energy
flows has different meanings within different infioation systems.

Treatment of international flows

In SEEA-Energy flows of energy are attributed te ttountry of residence of the
producing or consuming unit (resident principle)tla¢ time of the flow of energy.
This differs from the territory principle of recand) that is applied in a humber of
statistical frameworks, including IRES.

This treatment is consistent with the SEEA Cenfiraimework and the SNAWhile

in most cases energy flows would be assigned tosHme country regardless of
whether the resident or territory principle is dpgdl there are important activities,
in particular international transport, that needb® considered directly so that the
appropriate treatment can be defined. This partm@xes the key areas of
international transport, tourist activity, timing @nports and exports and natural
resource inputs, in turn.

International Transport

Since many countries have significant internatianahsport activity, it is important

to properly record information concerning the udeeoergy and the associated
release of emissions. The appropriate and consistéénbution of physical flows

relating to international transport to individuabuntries is therefore an important
component of SEEA-Energy.

As with all other activities in scope of SEEA-Engrdghe treatment of international

transport is based on the residence of the opedittine transport equipment. The
country of residence will generally be the locatioh the headquarters of the

transport operator. Therefore, irrespective of ditances travelled, the number of
places of operation, whether the transport serwcsupplied to non-residents or

whether the transport service is between two locati not within the resident

country; all revenues, inputs (including fuel whese purchased) and emissions are
attributed to the country of residence of the ofmra

! See 2008 SNA, paragraph 4.10 — 4.15.

11



3.44

3.45

3.46

Once the determination of the residence of the atperof international transport
equipment using standard SNA and BPM principlesthien place, the appropriate
accounting is illustrated in the following examples

» A ship, whose operator is a resident in Countrytransports goods from
Country B to Country C, and refuels in Country Gdpe returning home. In
this case purchases of fuel are attributed to Qguat(being exports of fuel
from Country C and imports of fuel of Country A)aynents for transport
service by Country C are exports of services byr@guA. All emissions by
the ship are attributed to Country A.

* A passenger aircraft, whose operator is a resider@@ountry X, transports
people from Country X to Country Y and returns t@u@try X. The
passengers are from various countries, X, Y ankh Zhis case any purchases
of fuel are attributed to Country X and are recar@s imports if purchased
in Country Y. Payments by the passengers are redaad exports of services
by Country X if the passengers are resident in @guvi or Z. All emissions
by the aircraft are attributed to Country X.

Special note is required in relation to the bunkgrof fuel, primarily relating to
ships and aircraft. Special arrangements may beremtinto such that a unit resident
in a country stores fuel in another country whild setaining ownership of the fuel
itself. Following the principles of the SNA and tB&M, the physical location of the
fuel is not the primary consideration. Rather, focoust be on the ownership of the
fuel. Thus if Country A establishes a bunker in @y B and transports fuel to
Country B in order to refuel a ship that it opegatien the fuel is considered to have
remained in the ownership of country A and no ekpafr fuel to Country B is
recorded. Thus the fuel stored in Country B is netessarily all attributable to
Country B. This treatment is likely to differ frothe recording in international trade
statistics and adjustments to source data may édateto align to this treatment.

Tourist activity

Akin to international transport, tourist activitys irecorded using the residency
principle. Tourists include all those travellingtside their country of residence
including short term students (i.e. less than 12he), people travelling for medical
reasons and those travelling for business or pleadthe use of energy by a tourist
travelling abroad is attributed to the tourist'suatry of residence and not to the
location of the tourist when the energy is usedusfHor example, purchases of fuel
by the tourist in other countries are recordedragxort by the country visited and
as an import of the country of residence of theigiu

12
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Emissions from local transport used by touristaiforeign country are attributed to
the local transport company and, as noted in redardnternational transport,
emissions from aircraft and other long distancaegpmrt equipment are attributed to
the country of residence of the operator. In neitteese is the emission attributed to
the tourist.

Emissions from cars are also attributed to the tguof residence of the operator (in
this case the driver of the car), whether the saswned by the driver or the car is
being hired from a rental car company. Emissionsiftaxis, local minibuses and the
like are also attributed to the driver or relevhasiness rather than the passenger.

Imports and Exports

Table 3.2 Imports and Exports of Energy Productsashthe key adjustments to the
foreign trade statistics needed to arrive at thparhand export concepts based on
the residency principle used in SEEA-Energy. Theponis/exports of energy
products need to be adjusted for purchases byeetsdabroad/purchases by non-
residents on domestic territory.

Table 3.2 Imports and Exports of Energy Products

Imports (general trade system)
+ Energy products purchased by residents abroad
Of which:

Tourists’ and business traveller's purchases ofggnabroad including fuel for private cars

= total imports of Energy products

Bunkering of oil abroad for sea transport and fighvessels
Bunkering of jet fuel and kerosene abroad forrainsport
Refuelling abroad of gasoline and diesel for lanach$port

Energy purchased by military bases on foreignttaias
Energy purchased by national embassies abroad

Exports (general trade system)
+ Energy products sold to non-residents on doméstiitory
Of which:

= total exports of energy products

Foreign ships’ and fishing vessels’ bunkering dfowi territory

Foreign planes bunkering of jet fuel and keroseméearitory

Foreign vehicles’ refuelling of gasoline and dieselterritory

Foreign tourists’ and business traveller's purchafesnergy on territory including fuel for privatars
Energy sold to foreign military bases on natioeatitory

Energy sold to foreign embassies on national teyrit

3.50

Energy natural resource inputs

Energy natural resource inputs denote physical §lémm the environment to the
economy. In the area of energy, they principallyiviefrom stocks of energy natural
inputs, including natural timber resources and othetural resources that are also

13
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potentially relevant. All of these resources arasidered to be owned by residents
of the country in which the resources are locaiydconvention, even where these
natural resources are legally owned by non-resgdehey are considered to be
owned by a national resident unit and the non-exdidegal owner is shown as the
financial owner of the national resident unit. Timgans that extraction of natural
resource inputs must by definition take place withicountry’s economic territory,
by economic units that are resident in that country

Treatment of goods for processing

Goods from one country may be sent to another cgdat further processing before
being returned to the original country, sold in grecessing country, or sent to other
countries. In situations where the unprocessed gaod sold to a processor in a
second country there are no unusual recording ssddewever, in situations where
the processing is undertaken on a fee for servassband there is no change of
ownership of the goods (i.e. the ownership remaiite the original country) the
financial flows are unlikely to relate directly tbe physical flows of the goods being
processed.

This goods-for-processing arrangement is commomplac the production of
petroleum products, for example. In the monetargpty and use accounts, such
goods sent abroad for processing are not treatdthesg crossed national borders
and therefore are not treated as exports or impdtss treatment applies because
under these circumstances, typically no change wheoship takes place. For
example, where crude oil is sent to another coutdrype refined, the crude oil is
excluded from measures of exports, and likewisergtarned refined products are
excluded from imports to the country. Instead, ithport of a service corresponding
to the value of the processing undertaken abroagcisrded.

Nevertheless, within SEEA-Energy it is consideregprapriate to record the
accompanying physical flows as they take place rdfoee, in addition to the import
and export flows as recognized by the national ant®y physical flows related to
goods sent abroad for processing are recorded én pimysical flow accounts.
Tracking the physical flows in this way enables leacer reconciliation of all
physical flows in the economy and also provideshgsical link to the recording of
the environmental impact of the processing activitythe country in which the
processing in being undertaken, including for exememissions to air.

Information on the physical flow of goods betwe@uitries is generally available in
international trade statistics — these statistissally record flows of goods sent
abroad for processing and the return flows, togethé&h various other flows
crossing the national border. However, it is neagsdo identify those flows of
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goods where the ownership has not changed and gly apdifferent treatment in
monetary terms compared to the international tcate.

Physical flow accounts for energy

Introduction

This section describes the full sequence of phydioa accounts for energy. These
accounts describe energy flows in physical unitemf the initial extraction or
capture of energy natural inputs from the environtriato the economy (as energy
from natural inputs), to the flows within the ecompin the form of supply and use
of energy products by industries and households &ndlly, the flows of energy
back to the environment (as energy residuals). iDistprovided here on the various
types of physical energy flows and of the energydpicts recorded in SEEA-Energy.
In addition, guidance is provided on the recordifgindustry detail within the
physical flow accounts for energy.

The purpose of compiling physical energy flow acusuis to support a consistent
monitoring of supply and use of energy by type okrgy and industry. These
physical flows can be combined with correspondiranatary information on supply
and use of energy products to derive indicatoremdrgy intensity, efficiency and
productivity.

Energy accounts data are compiled by convertingsighy measures of mass and
volume such as tonnes, litres and cubic metres antmommon unit representing
energy content in net calorific terms. The usetd joule as a common unit with
SEEA-Energy is consistent with IRES.

Description of energy products and energy from natral inputs

Chapter 2 describes the broad categorisation ofggn#ows: natural inputs of

energy from the environment to economy; energy petalproduced and used within
the economy; and various residual flows from thenseny back to the environment.
This section provides a summary description of é&mergy products used in the
physical flow accounts of SEEA-Energy. The desonipg relating to energy

products are drawn from SIEC (2011 IRES, 3.19),levthe classification of energy
natural inputs also draws heavily upon SIEC.

The following descriptions relate to the highesteleof product detail presented in
SIEC i.e. the 1 digit or section level. It is recmended that compilers attempt to
produce data at the 2 digit or division level oESIin order to deliver a much richer
data set for data users. Nevertheless, the |dvetamiuct detail used in the physical
flow accounts for energy will depend on the requieats of data users and on data
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availability; compilers will need to adapt the puad detail used in their physical
flow accounts.

Description of energy products

Coal is a solid fossil fuel consisting of carbomaeegetal matter. Coal products can
be derived directly or indirectly from the varioakasses of coal by carbonization or
pyrolysis processes, by the aggregation of finelyidgéd coal or by chemical
reactions with oxidizing agents, including water.

Peat and peat products comprises peat, a solidefbiny the partial decomposition
of dead vegetation under conditions of high humgidihd limited air access (initial
stage of coalification) and any products deriveamhfrit.

Oil shale / oil sands are sedimentary rock contgrorganic matter in the form of
kerogen. Kerogen is a waxy hydrocarbon-rich mateegarded as a precursor of
petroleum.

Natural gas is a mixture of gaseous hydrocarbonmapily methane but generally
also including ethane, propane and higher hydramaskbin much smaller amounts
and some non-combustible gases such as nitrogenaabdn dioxide.

Oil comprises liquid hydrocarbons of fossil fuelgins made up of (i) crude oil; (ii)
liguids extracted from natural gas (NGL); (iii) Malor partly processed products
from the refining of crude oil; and (iv) functiomalsimilar hydrocarbons and organic
chemicals from vegetal or animal origins.

Biofuels derive directly or indirectly from biomas@uels produced from animal
fats, by-products and residues obtain their calwnilue indirectly from the plants
eaten by the animals.)

Waste is made up of materials voluntarily discardgdhe owner. Where the owner
of the waste receives payment to pass the wastadther party, it is considered a
product. Where no payment is received by the ddingr unit, the waste is a
residual.

Electricity is the transfer of energy through thqgsieysical phenomena involving
electric charges and their effects when at restiamdotion.

Heat is the energy obtained from the translatior@thtional and vibrational motion
of the constituents of matter, as well as changessiphysical state.

Nuclear fuels etc. include nuclear fuels such asnim, plutonium and derived
products that can be used in nuclear reactors smuece of electricity and/or heat.
This category includes other fuels not elsewheexied.

16
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Classification of energy natural inputs

Energy from natural inputs comprise flows of enefgym the removal and capture
of energy from the environment by resident economidis. Table 3.3 shows the
types of flows included in energy from natural itgu

Table 3.3: Energy natural inputs

(Energy) natural resource inputs
Mineral and energy resources
Oil resources
Natural gas resources
Coal and peat resources
Plutonium and thorium
Timber resources (natural)
Inputs of energy from renewable sources
Solar
Hydro
Wind
Wave and tidal
Geothermal
Other heat and electrical
Other natural inputs
Energy inputs to cultivated biomass

In many cases, an item of energy will change littiform as it is extracted from

environment to be used in the economy. For exangaal, peat, oil and natural gas
do not undergo fundamental physical transformaéisrihey first enter the economy.
Consequently, the description of the charactesstind classification of coal, peat
etc. is equally applicable whether the flow relat®s its extraction from the

environment to the economy, or to its subsequeatassan energy product within the
economy.

In other cases, the item of energy extracted froemanvironment is very different to
the resulting energy product subsequently usedinvitine economy. The following
paragraphs describe those types of energy fromralainputs that undergo a
fundamental physical transformation as they eritereconomy.

Natural timber resources represent an energy ifimuh the environment. These
resources may be incorporated into energy prodiwath as biofuel or waste.

Inputs of energy from renewable sources are thefunehsources of energy provided
by the environment and include the following iterssiar; hydro; wind; wave and

tidal; geothermal; and other electricity and hedt.of these natural inputs are used
in the production of electricity or heat/steamislessential that natural inputs used in

17



3.75

3.4.3

3.76

3.77

3.78

3.79

the generation of electricity are recorded — efehdse natural inputs are renewable
and ‘free’. The amount of electricity produced freamlar, hydro etc. sources must be
shown as a corresponding (and equal) natural inpenergy from the environment
to the economy.

Energy inputs to cultivated biomass is the energyt from the environment that
gives rise to cultivated biomass, which in turn dm@es an input to energy products
such as ethanol and other biofuels. That is, bisfuare produced ‘within the

economy’, but they are created using natural enargyts from the environment. As
with energy inputs from renewable sources, thegmts must be shown in the
physical supply and use tables for energy in ortepreserve the input output
identity for energy flows.

Industry reporting

The SEEA-Energy physical flow accounts are compiled the ISIC industry
classification, making it possible to integrate fieysical energy flows reported in
SEEA-Energy with economic statistics from the na#ib accounts. It is
recommended that countries report, at a minimum |ekel of industry detail shown
in Tables 3.4 to 3.9 in order to support internagily comparable data. The
following paragraphs provide a descriptive guideetergy supply and use for those
industries shown in the SEEA-Energy tables of dhapter.

Agriculture, forestry and fishing would not genéydbe expected to be a significant
supplier of energy, although forestry operations/rmapply fuelwood and charcoal.

These are energy products (biofuels) produced bgstoy operations that utilise

energy from natural inputs — specifically, ‘eneligputs to cultivated biomass’ when
the forests are cultivated resources, and ‘natimdder resources’ when they are not.
Energy from natural inputs is recorded in the ‘eamiment’ column of the supply

table.

Agriculture may support biofuel production throufgit example the supply of corn

and/or sugarcane for bioethanol. In this case tre or sugarcane is not an energy
product, but the production of biofuel from thisusce requires energy from natural
inputs — which is reflected in the corn and sugaecalherefore, the production of
biofuel is recorded as production by the manufacturndustry using energy from

natural inputs (specifically ‘energy inputs to éwdited biomass’) supplied by the

‘environment’.

Mining and quarrying is often the most significadmestic supplier of energy
products. This industry is responsible for the astion of oil and natural gas —
including the extraction of oil from oil shale awil sands; the extraction of peat;
and the mining of coal. The supply of these enepgyducts by the mining and
guarrying industry is matched by a correspondingoam of energy from natural
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inputs (though, where energy is lost during eximagtthe amount of energy from
natural inputs will exceed the corresponding amafrénergy product supplied).

Manufacturing is an important industry in the protan of energy products since it
is responsible for converting a range of energwratinputs into a usable form. For
example, crude oil is extracted by the mining irtdusand refined by the
manufacturing industry. Thus, the ‘environment’ gligs natural inputs of energy to
the economy as oil resources — the mining indusktyacts these as (crude) oil and
supplies this crude oil as an energy product to rifeufacturer, who refines the
product and who in turn supplies the (refined)prsdduct to others.

In some instances the manufacturing entity willateeenergy products from other
non-energy products. For example, corn is a nomggneroduct produced by the
Agriculture, forestry and fishing industry that miag used to produce biofuel. In the
supply and use tables for energy the environmepplges energy natural inputs to
the economy (agriculture industry) — the manufaomiindustry uses these to create
a biofuel such as bioethanol. The Agriculture irtdygis production of corn is not
explicitly recorded in the SEEA-Energy tables, girhis supply is not of an energy
product.

Electricity, gas, steam and air conditioning suppidustry supplies energy in a
number of forms and under various arrangementserfarises in this industry will

frequently receive energy products from other erises and transform these
products into secondary energy products. This & dase for electricity generated
from the transformation of oil, natural gas, coatlairanium. Electricity may also be
produced directly from energy natural inputs— feample, from solar, hydro, wind,
wave and tidal and geothermal inputs.

The supply of electricity includes the activity diktribution of electricity to the final
consumer. The supply of gas through a system ohsniai also included in this ISIC
class; the activity of transporting gas throughefiipes over long distances however
is considered to be a transport activity. Thus,tlie use table of the PSUT,
transmission losses related to electricity suppéyattributed to the electricity supply
industry while losses related to gas supply arebaited to either the gas supply
industry or the transport industry depending on neltée losses occur.

Natural gas supply includes both distribution o$ glarough mains and the extraction
of certain gases. Distributed and extracted natgesd are recorded into separate
rows the PSUT.

For waste, the PSUT records waste as an energygréar each industry supplying
this product. By convention, the energy from solidste is shown as supplied from
with the economy in the accumulation column and aaming positive entry is

recorded in the use table in the column for theugstdy incinerating the solid waste.
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Where the waste has not been purchased (i.e.atresidual rather than a product)
and is used for electricity generation, the wast@evertheless treated as a flow of
energy from other industries. In the use table, riflated transformation losses are
recorded against ‘waste’ and are attributed to Ehectricity, gas, steam and air
conditioning supply industry.

Supply by the Gas supply industry does not incltitee manufacture of fuel gases
such as ethane, propane and butane. Such gassspplked by the manufacturing
industry and/or the mining and quarrying industdepending on the processes
involved.

Transport activity is an important energy consumaagjvity. The use of a fuel such
as oil or gas in a car, truck, ship, plane etc.sdoet automatically constitute a
transport industry use. What is critical is thedmminate activity of the unit using
the fuel. Thus, for example, if a business is pmethately engaged in mining
activity, then energy used by this business isiatted to the mining industry;
whether the energy is used specifically to powerastion equipment, heat an office
or power a motor vehicle. Similarly, all energy ddgy households is attributed to
‘households’- so that use of fuel to power a matdnicle operated by a householder
is attributed to households and not the Transpadtsiorage industry. The treatment
of fuel in relation to transport activity within &A-Energy is in contrast to energy
balances where all fuel used in motor vehicles,pshietc. is allocated to
transportation activities.

Energy used to transport steam and/or air conditgpis attributed to the Electricity,
gas, steam and air conditioning supply industry.

Where units are predominately engaged in Storatjeitgarelated to energy products
(such as gas), losses incurred during storage septean end-use of these products
by the Transport and storage industry.

Other industries will primarily appear in the PSWdr energy as users of energy
products.

By convention the generation of electricity fronlidavaste incineration is treated as
a flow of energy (‘waste’) from accumulation. Thee no attempt to link waste

flows back to energy from natural inputs. Thisnscontrast to the use of crops etc.
for biofuels — because under those circumstancestbp is purpose-produced for
biofuel production and the link to energy from maluinputs is much more direct

and occurs within the same accounting period.

Where households generate energy products, thislysshould be attributed to the
industry that would typically supply such a produEbr example, if households
produce electricity through the use of solar pan#gie supply table of the PSUT
should show a flow of inputs of energy from reneiealsources from the
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environment to the Electricity, gas, steam andcainditioning supply industry. The
resulting supply of electricity is then used by kelolds — unless households have
generated electricity and routed this back into ghid. Under these circumstances,
the electricity routed back to the electricity slippshould be allocated across the
industries and households served by the electrisitpplier. In the absence of
specific information to guide this allocation, itauld be done on the basis of general
patterns of electricity use observed for the vagiasers of electricity.

Physical supply and use tables for energy

Physical supply and use tables for energy recoedflibws of energy from natural

inputs, energy products and energy residuals irsighy units of measure. They are
based on the principle that the total supply ofheflow is equal to the total use of
the same flow (e.g. total supply of energy produstsqual to the total use of energy
products).

Table 3.4 Supply Table for Energy and Table 3.5 Usble for Energy are the
standard physical supply and use tables for enBtogys. These tables include flows
of all energy from natural inputs and energy prdadumcluding those energy
products that are transformed into other energydyets. Therefore, the energy
content of some products is counted more than o@oal, for example, is used as
input into a transformation process to obtain eleity and heat, and the accounts
record the energy content of the coal as well asethergy content of the resulting
electricity and heat.

The level of industry detail shown within the colasnof the energy supply and use
tables is designed to highlight those industry gouhat most commonly play a
significant role in energy production or use. Bugre is no restriction in the amount
of industry detail that may be incorporated. Theuamgulation column records

changes in the inventories of energy products tiaat be stored, for example coal,
oil, natural gas and waste.

Key components of the PSUT for energy

The key components of the PSUT for energy concérrthé supply and use of
energy from natural inputs, (ii) the supply of eperproducts, including energy
products produced on own account; (iii) imports axgorts of energy products; (iv)
energy residuals and energy incorporated into mmrgy products; and (v) the
transformation and end-use of energy products. lBision of these five areas
comprises the remainder of this section.
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Supply and use of energy from natural inputs

3.97 The first part of Table 3.4 Supply Table for Energyd the first part of Table 3.5
Use Table for Energy record flows of energy fromunal inputs. In Table 3.4 the
various energy from natural inputs are shown aadsupplied by the environment.
In Table 3.5 the energy from natural inputs arenghas being used by the extracting
industries. Across these two tables the total suppleach energy from natural input
must equal its total use.

Table 3.4 Supply table for energy, Joules

Physical supply table for energy

Production (including household production on owneaint); Generation of residuals Accumulation Flows Flows from Total suppl
from the the
rest of the environmer
Agriculture, Mining Manufacturing Electricity, gas, Transportatit Other Households Imports
forestryand and steam and air and storage industries
fishing  quarrying conditioning
supply
ISIC A ISIC B ISIC C ISIC D
Energy from natural inputs
Natural resource inputs
Mineral and energy resources

Qil resources 744.0 744.0
Natural gas resources 417.0 417.0
Coal and peat resources
Timber resources 5.0 5.0
Inputs of energy from renewable sources
Solar 20.0 20.0
Hydro 100.0 100.0
Wind 4.0 4.0
Wave and tidal
Geothermal

Other heat and electrical
Other natural inputs

Energy inputs to cultivated biomass 2.0 2.0
Total energy from natural inputs 1292.0 1292.0
Energy products
Production of energy products by SIEC class
Coal 225.0 225.0

Peat and peat products
Oil shale/ oil sands

Natural gas (extracted) 395.0 395.0
Natural gas (distributed) 369.1 369.1
Qil (e.g. conventional crude oil) 721.0 721.0
Oil (oil products) 347.0 930.0 1277.0
Biofuels 53 0.2 15 7.0
Waste 39.0 54.5 16.9 110.4
Electricity 212.0 22.0 234.0
Heat 78.5 78.5

Nuclear fuels and other fuels nec
Energy for own use

Total energy products 443 1116.0 401.7 661.1 1193.9 3417.0
Energy residuals

Losses during extraction 45.0 45.0

Losses during distribution 12.0 12.0

Losses during storage 6.0 6.0

Losses during transformation 7.0 204.4 2114

Other energy residuals 50.3 3.2 418.7 90.6 632.0 .0 96 240.0 1530.8

Total energy residuals 50.3 48.2 431.7 307.0 632.0 96.0 240.0 1805.2
Other residual flows

Residuals from end-use for non-energy 51.0 51.0

Energy from solid waste 935 93.5
Total supply 946 1164.2 884.4 968.1 632.0 96.0 240.0 93.5 19193  1292.0 6658.7
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Table 3.5 Use table for energy, Joules

Physical use table for energy

Intermediate consumption; Use of energy resouiResgipt of energy losses Final Accumulation  Flows to Flows to the Total use
consumption the rest of environment
the world

Agriculture, Mining Manufacturing Electricity, gas, Transportation ~ Other Households
forestry anc  and steam and air  and storage industries

fishing  quarrying conditioning

supply
ISIC A ISIC B ISIC C ISIC D

Energy from natural inputs
Natural resource inputs
Mineral and energy resources

Oil resources 744.0 744.0
Natural gas resources 417.0 417.0
Coal and peat resources
Timber resources 5.0 5.0
Inputs of energy from renewable sources
Solar 20.0 20.0
Hydro 100.0 100.0
Wind 4.0 4.0
Wave and tidal
Geothermal

Other heat and electrical
Other natural inputs
Energy inputs to cultivated biomass 0.3 0.2 15 2.0
Total energy from natural inputs 53 11610 0.2 525 1292.0
Energy products
Transformation of energy products by SIEC class
Coal 223.0 223.0
Peat and peat products
Oil shale/ oil sands

Natural gas (extracted) 395.0 395.0

Natural gas (distributed) 87.0 87.0

Oil (e.g. conventional crude oil) 360.0 360.0

Qil (oil products) 16.0 16.0

Biofuels

Waste 31.0 31.0

Electricity

Heat

Nuclear fuels and other fuels nec

Total transformation of energy products 360.0 752.0 1112.0
End-use of energy products by SIEC class

Coal 2.0 0.1 17.0 1.0 -21.0 1.9 1.0

Peat and peat products
Oil shale/ oil sands
Natural gas (extracted)

Natural gas (distributed) 2.0 39.0 0.1 12.0 26.0 0 2. 2010 282.1
Oil (e.g. conventional crude oil) 361.0 361.0
Qil (oil products) 34.0 2.0 326.0 621.0 49.0 102.0 3.0 80.0 1211.0
Biofuels 0.3 0.2 15 5.0 7.0
Waste 3.0 0.1 4.0 37.0 1.0 33.0 0.3 1.0 79.4
Electricity 7.0 1.0 22.0 50.0 10.0 15.0 29.0 100.0 234.0
Heat 2.0 10.5 2.0 1.0 19.0 44.0 78.5
Nuclear fuels and other fuels nec 0.0
Total end-use for energy purposes 50.3 3.2 418.7 .6 90 632.0 96.0 240.0 -21.7 7449 22540
End-use of energy products for non-energy purposes 51.0 51.0
Energy residuals
Losses during extraction 45.0 45.0
Losses during distribution 12.0 12.0
Losses during storage 6.0 6.0
Losses during transformation 211.4 211.4
Other energy residuals 1530.8 1530.8
Total energy residuals 1805.2 1805.2
Other residual flows
Residuals from end-use for non-energy purposes 51.0 51.0
Energy from solid waste 39.0 54.5 93.5
Total use 94.6 1164.2 884.4 968.1 632.0 96.0 240.0 29.3 9744. 1805.2 6 658.7

3.98 Flows of energy from natural inputs may be presgrde varying levels of detail
depending on those inputs of most relevance argtadtest analytical interest within
a country.

3.99 In principle, the inputs of energy from renewabteises should reflect the amount
of energy incident on the technology put in placectllect the energy. In practice,
inputs of energy from renewable sources are recbideterms of the amounts of
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3.100

3.101

3.102

3.103

3.104

3.105

3.106

heat and electricity produced via the technologydugo harness the energy.
Consequently, in practice, losses of energy inddugture of energy from renewable
sources are not included in the PSUT. Energy fromrd+electric schemes is also
recorded here in terms of energy produced.

For inputs of mineral and energy resources, losdesnergy during extraction are
included in the total amount of resources extradtedh the environment, in line
with the general treatment of natural resourcedigsis and losses. Entries for losses
during extraction should also be made in the botjmants of the supply and use
tables concerning energy residuals.

Supply of energy products

All energy products supplied from one unit to arestfincluding between units of a
single enterprise) are included in the flow acceumgardless of whether the energy
product is sold or exchanged as part of a bartgravided free of charge.

Energy products are mainly produced by establishsnelassified to ISIC Section B,
Mining and quarrying, ISIC Section C, Manufacturirand ISIC Section D,
Electricity, gas, steam and air conditioning suppBor many countries, energy
products will mainly be supplied by imports fromethest of the world.

Extracted and distributed natural gas are reco@pdrately to distinguish between
natural gas that is taken out of the environmert matural gas that is processed and
is ready for consumption. The difference betweetraeted and distributed natural
gas is accounted for in losses during distributistgrage and transformation. A
similar approach should be taken with all energyrfmatural inputs.

Energy products are produced as a secondary actwthin many establishments,

and in some cases as own account production andWhkere it is possible to

guantify the own account, intra-establishment patigun and use of energy products,
these flows should be recorded separately in thewats as flows of energy for own
use.

Imports and exports of energy products

Within Table 3.4, imports of energy products areoreled as a separate column item
among the components making up total supply of@nefrable 3.5 similarly records
exports of energy products as a separate columm &mong the various uses of
energy.

In general, imports and exports of energy prodwstisuld be recorded when a
change of ownership of the product between a residged a non-resident unit
occurs. Trade statistics based on customs documeeftecting the physical
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3.107

3.108

3.109

3.110

3.111

movement of goods across the national or custommstiér are therefore typically
used as an approximation

SEEA-Energy uses the general trade system to daterimports and exports, which
is in accordance with the convention used in thgonal accounts. Thus, imports of
energy products include those products brought anfeee zone. Energy products in
transit through the economic territory should gafigrnot be included in imports
and exports. However, for electricity and heat iaymbe difficult to distinguish
between transit flows and other flows, and all ffoaf electricity and heat into a
country may therefore in practice be recorded gsois, and all outgoing flows may
be recorded as exports. Energy products sent alfoogaocessing should be treated
following the treatment of goods for processingatideed in Section 3.3.4.

Energy use by resident units abroad, essentiaNgmog tourists driving abroad and
companies engaged in international transport aw#sji should be recorded in the
accounts either as the use of the industries egrthie value added from these
activities or as a use of the households operating transport equipment.
Conversely, all energy use by non-resident entitiéghin the national boundary
(ships, planes, trucks and tourists) should beusbad.

Transformation and end-use of energy products

The use of energy products is split into two sewion the use table. The first
section, ‘Transformation of energy products’, rethe transformation of energy
products into other energy products. For example,mining and quarrying industry
may produce coal as an energy product in the supgile and the coals’ use to
produce electricity would be shown in the transfatimn of energy products as the
use of coal by the electricity supply industry.

The second section, ‘End-use of energy productsomds the use of energy products
to produce goods and services that are not enexgupts. These goods and services
may be used for intermediate consumption, for hbakkfinal consumption, as a
change in inventories of energy products, or fgpa@k Some end-use will relate to
non-energy uses of energy products, for exampleuse of oil based products as
lubricants or in the production of plastics.

In total, intermediate consumption includes the wdeall energy products by
industries as inputs in a production process, mdgas of the nature of the

2“Imports and exports can be recorded accordingtteethe general trade or the special trade systgmder the
general trade system, goods are recorded as they enleave the national boundary including gothkst are
imported into and exported from custom-bonded wawsks and free zones. Under the special trademsyste
goods are recorded as trade only when they cr@&ssubktoms boundary (i.e. enter free circulatio(32008 SNA,

3.166).
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3.112

3.113

3.114

3.115

production process, i.e. whether it is a processvetding an energy product into

another energy product for further use in the eaon@ransformation), or whether it

is a process which ultimately uses the energy cuné the energy product so that
no further use of the energy is possible (end-usegpme cases by incorporating the
energy in a non-energy product.

During the extraction process, businesses may tadere-injection of natural gas,

as well as flaring and venting of petroleum anduralt gas. These flows are not
recorded as part of the intermediate consumptioanafrgy products, but instead as
flows of residuals, as described below. The sampliep to losses of energy

products, when the losses are related to produefgré any change of ownership
from the producer to the user has taken place.gfauct is lost after it has been
handed over from the producer to the final userth& product, the loss will be

recorded as part of intermediate consumption ofttergy producer.

Some energy products may be stored by industriesater transformation or end-
use. The net changes in the quantities storedem@ded as changes in inventories
and are recorded in the accumulation column forheadevant energy product.
Exports of energy products are also recorded asop@nd-use.

Household consumption refers to the consumptiohdnyseholds of energy products
purchased or otherwise obtained from energy sugplidll such consumption
reflects an end use of energy. Final consumpti@tuges energy products produced
by households themselves, for example, electrgpgyerated by windmills owned by
households. These ‘other uses’ correspond to wienational accounts would call
‘final use’ (or final demand). However, the ternindl’ is avoided in SEEA-Energy
because the same term is used with a somewhatatiffeneaning in energy statistics
and energy balances. In IRES, for instance, finehsamption of fuels covers
deliveries of energy products to all consumers @diclg activities that are not fuel
transformation or production of electricity or hedRES 2011, 8.33). In SEEA-
Energy this concept is instead called ‘end usesradrgy.

Enerqgy residuals

The bottom parts of Table 3.4 and Table 3.5 conéatries associated with energy
residuals i.e. the materials and energy discardednutted as a result of energy-
related production, consumption and accumulatidiviag. Different types of energy
residuals are recorded — losses during extractilistyibution and storage, losses
during transformation and other energy residualse different energy residuals are
recorded as being supplied by various industrias lesuseholds in the supply table
and received by the environment in the use table.
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3.116

3.117

3.118

3.119

3.120

3.121

3.122

Groups of residuals

There is a wide variety of different types of ragts and they are not usually
accounted for as a single type of flow using mutualxclusive classes. Rather,
different groups of residuals are analysed dependim the physical nature of the
flow, the purpose behind the flow or simply to e=fl the balance of physical flows
leaving the economy. The following groupings ofidesls are of potential relevance
to SEEA-Energy.

Losses

Within the context of SEEA-Energy, losses of enerigy physical terms are
comprised of flows from the environment to the emmy that are not available for
further use within the economy because they haea beturned to the environment.

Within this definition four types of losses of eggrare identified by the stage at
which they occur through the production processisinoted that some types of
losses may be necessary for maintaining safe apgravnditions — this accounts for
some instances of flaring and venting of natural. ga

Four broad types of losses can be identified:

i Losses during extraction

ii. Losses during distribution/transport

iii. Losses during storage

iv. Losses during transformation/conversion

Losses during extraction are losses that occuneatitne of extraction of an mineral
and energy resources prior to any further procgsdieatment or transportation of
the extracted mineral and energy resource. Sudesosiclude, for example, flaring
and venting of natural gas during extraction. Soma¢ural gas may also be re-
injected into the deposit in order to increase fressure and facilitate further
extraction. These flows are not treated as losBe® ghe re-injected gas could be
extracted at a later period (and it is being used production process).

Losses during distribution/transport are lossest thacur between a point of
extraction (or production) and a point of use -between points of use and reuse.
These losses may be caused by a number of fa¢totise case of energy, they may
involve evaporation and leakages of liquid fuetssl of heat during transportation of
steam, and losses during gas distribution, elattriransmission and pipeline
transport.

When losses during distribution are calculatedhasdifference between the amounts
supplied and corresponding amounts received, satdulations may include errors

in meter readings, malfunctioning meters, etc. Ehegors in the measurement of
flows are commonly referred to as apparent losses.
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3.123 Losses during storage are losses of energy protheddsin inventories. They include
evaporation, leakages of fuels (measured in masgolume units), wastage and
accidental damage.

3.124 Losses of energy during transformation refer toeghergy lost, for example, residual
heat, during the transformation of energy from domen to another. It occurs, for
instance, when coal is transformed into electric®uch losses are linked to the
difference between inputs and outputs of productd, as such, are part of that
industry’s intermediate consumption. It is differeto the other types of losses
described here and it is only measured in termsenafrgetic units. In mass terms it
simply reflects the fact that intermediate consumpbf energy products results in
an output of other energy products, along withdeals in the form of air emissions
and solid waste.

3.125 Losses due to evaporation and leakages are oftasurnsd in quantity terms (cubic
metres, tonnes etc.), while losses of heat toutsosindings are frequently measured
in energy terms (terajoules, KWh etc.).

3.126 Losses should be recorded if there is a preferencne part of the economic unit to
retain the physical quantities that return to theimnment. Particularly in situations
where resources are being extracted, some phygicaitities of resources may be
‘lost’ as part of the extraction process but ifgbeguantities are of no interest to the
extractor then they should not be considered losses

3.127 From the perspective of suppliers of products, daheunts of electricity and other
energy products that are illegally diverted frorstdbution networks or from storage
may be considered losses due to theft. Howevecesim physical terms, the energy
is not lost to the economy they are not considelesses in SEEA-Energy.
Nonetheless there may be interest in compiling datecerning theft as a subset of
overall use of energy. It should be noted thatdssdue to theft may be difficult to
measure in practice and may often be includedssds in distribution.

Other energy residuals

3.128 Other energy residuals result from the transforamatf energy. They are that part of
energy that is no longer available for economicppses after a transformation
process. Other energy residuals are most oftenrgitefrom the end use of energy
products (e.g. fuel used for vehicles, electrigised for heatingy.n this case the
flow of residual heat is equal to the energy input.

3.129 By convention, all energy products consumed by bBbakls are considered end use
and are therefore recorded as other energy residkal example, fuelwood or gas
used for heating by households is considered ead us

% Energy can also dissipate in the form of lighhorse.
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3.130

3.131

3.132

3.4.5

3.133

3.134

Other energy residuals are recorded to ensure #ietemance of the energy balance
principle in the physical flow accounts.

Other residual flows

For other residual flows, the energy embodied irrgyp products used for non-
energy purposes is shown as supplied by varioussineés and by households and is
by convention recorded as being retained within theonomy within the
accumulation column of the use table.

Solid waste covers discarded materials that aréonger required by the owner or
user. Solid waste includes materials that are Bolad or liquid state but excludes
small particulate matter released into the atmosmhEnergy from solid waste is
recoded separately in the supply and use tablec@wention it shown as being
supplied from within the economy in the accumulatioolumn and matching
positive entries are recorded in the use table he tolumn for the industry
incinerating the solid waste.

Supply of primary energy products and imports

A set of tables are used to both highlight and edelthose flows of energy products
that are used for transformation into other enepggducts or for non-energy
purposes. These tables are Table 3.6 Supply of @yinEnergy Products and
Imports; Table 3.7 Transformation of Energy; andl€a3.8 End Use of Energy.
These tables focus, respectively, on the supplyprdnary energy products and
imports; the transformation of primary energy angorts into energy available for
end-use; and the end use of the energy. Thesestabdevery similar in concept and
presentation to the energy balances (see, for ebeartie Energy Statistics Manual,
IEA 2005, chapter 7) though the classifications amdminology used differ

somewhat.

Table 3.6 presents the total inflow of energy te #tonomy from the environment
and the rest of the world. It includes the energydm available through domestic
extraction of energy from natural inputs and thitouignports of primary and
secondary energy products. To avoid double countiith regard to the domestic
supply of energy, only the energy produced by tkieaeting industries is included,
The flows from the environment to the extractingustries of energy from natural
inputs are excluded. All types of energy, i.e. gyeproducts, energy for own use
and energy losses other than losses during extractire included. The table shows
these three types of energy flows in aggregate.
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Table 3.6 Supply of primary energy products and imprts, Joules

Production Flows Flows Total
from the from the supply
rest of environm

the world  ent
Agriculture, Mining and Manufact Electricity, gas, Transport  Other Imports

forestryand quarrying uring  steamand air ation anc industries
fishing conditioning  storage
supply
ISIC A ISIC B ISICC I1SIC D ISIC H

Energy products
Production of energy products by SIEC class

3.135

3.136

3.4.6
3.137

3.138

Coal 225.0 225.0
Peat and peat products
Oil shale/ oil sands

Natural gas 395.0 395.0
Oil 721.0 930.0 1651.0
Biofuels 53 0.2 15 7.0
Waste 39.0 54.5 16.9 110.4
Electricity 124.0 22.0 146.0

Heat
Nuclear fuels and other fuels nec
Total energy products 44.3 1116.0 54.7 1255 1193.9 2534.4

The aggregation level of the energy products shinvmhe rows of Table 3.6 is

different to the level shown in the previous tablescause the focus here is on
presenting the primary energy products.. Elecyi@hd heat produced by nuclear
power plants should be included as supply of el@tgrand heat. This approach is
adopted because the energy content of nuclear fi€li$ficult to quantify until after

it has been processed and used in electricity ptimiu i.e. for nuclear fuels, only

the resultant electricity is recorded in this table

For each industry, the column sum shows the amobtiprimary energy supplied.
The figure in the intersection of the last row dast column of Table 3.6 represents
the total domestic supply of primary energy and omp of primary and secondary
energy.

Transformation and end-use of energy products

The recording of the use of energy products is apracross two tables: Table 3.7
Transformation of Energy; and Table 3.8 End UseEnkrgy. These tables show
respectively the transformation of energy produotsther energy products; and the
use of energy products to produce goods and sertiad are not energy products.

Table 3.7 shows how energy products entering tlmm@ny through the domestic
supply of energy and through imports are convettedther types of energy before
being used by industries, or households — eitherefod use or for non-energy
purposes. For example, the table would show that @aitially produced by the

mining and quarrying industry) is subject to an rgyetransformation by the

electricity supply industry in the production oketricity.
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3.139

3.140

Within Table 3.7 negative numbers correspond touigpof primary energy or
imports used by an industry for transformation gsses (e.g. the coal used by the
electricity supply industry) while positive numbersorrespond to output of
secondary energy (e.g. electricity produced froml)o

By following a column within Table 3.7, informatias obtained about the amount
and type of energy used by that industry as intéfate inputs for the transformation
(i.e. the negative numbers), and how much of eatorsdary energy product is
produced by the same industry as a result of taesformation (i.e. the positive
numbers). A transformation from one type of energy another is normally

associated with some losses of energy. The totaluamof energy lost from each of
the industries’ transformation processes is shawhé bottom row of the table.

Table 3.7 Transformation of energy, Joules

Agriculture,  Mining and Manufacturing  Electricity, Transportati ~ Other Net  Available
forestry and  quarrying gas, steamar onand  industries for end usd
fishing air storage

conditioning
supply

ISIC A ISIC B ISIC C ISIC D ISICH

Energy products
Production of energy products by SIEC class

Coal 225.0 -223.0 -223.0 2.0
Peat and peat products
Oil shale/ oil sands

Natural gas 395.0 -395.0 -395.0
Natural gas (secondary) 369.1 -87.0 282.1 282.1
Oil 1651.0 -360.0 -360.0 1291.0
Oil (secondary) 347.0 -16.0 331.0 331.0
Biofuels 7.0 7.0
Waste 110.4 -31.0 -31.0 79.4
Electricity 146.0 88.0 88.0 234.0
Heat 78.5 78.5 78.5
Nuclear fuels and other fuels nec
Total energy products 25344 2305.0

Losses 13 216.4 229.4

3.141 The rows of Table 3.7 show how much of each typenwdrgy is produced as a result

3.142

3.143

3.144

of the energy transformation processes (i.e. pasitiumbers) or used as inputs for
energy transformation processes (in the case adithegnumbers). When all inputs

and outputs are respectively, subtracted and adihedtotal net output from the

transformation processes is obtained.

The losses row includes losses due to distributistorage and transformation.
Losses during extraction are already accountedirfothe entries for the specific
product that incurred losses during extraction.

The amount of energy available for end use (shawthé last column of Table 3.7)
is subsequently obtained by adding the total ngbwturom the transformation to the
domestic supply of primary energy and imports afmary and secondary energy
products (shown in the first column). Subtractinigdes from supply of primary
energy and imports also leads to the amount ofggnavailable for end use.

Table 3.8 End use of energy, records the use afggngroducts for purposes other
than transformation into other energy products. &a@pecific energy product, ‘end
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use’ is what is available after the energy transfamion processes are complete.
These goods and services may be used for interteedismsumption, for household

consumption, as a change in inventories of energguxts, or for export. Some end
use will relate to non-energy uses of energy prtgjulor example the use of oil-

based products as lubricants or in the productigplastics.

Table 3.8 End use of energy, Joules

Agricuture,  Mining and Manufact Electricity, gas, steamTransportation Other industries Households Exports
forestryand quarrying uring  and air conditoning  and storage Accumul

fishing supply ation
ISICB __ISICC ISIC D ISIC H

End-use of energy products by SIEC class
Coal 2.0 0.1 17.0 1.0 -21.0 19 1.0
Peat and peat products
Oil shale/ oil sands
Natural gas (extracted)

Natural gas (distributed) 2.0 39.0 0.1 12.0 26.0 0 2.201.0 282.1
Oil (e.g. conventional crude oil) 361.0 361.0
Oil (oil products) 34.0 20 326.0 621.0 49.0 102.0 3.6 80.0 1211.0
Biofuels 0.3 0.2 15 5.0 7.0
Waste 3.0 0.1 4.0 37.0 1.0 33.0 0.3 1.0 79.4
Electricity 7.0 1.0 22.0 50.0 10.0 15.0 29.0 100.0 234.0
Heat 2.0 10.5 2.0 1.0 19.0 44.0 78.5
Nuclear fuels and other fuels nec 0.0
Total end-use for energy pur 50.3 3.2 4187 90.6 632.0 96.0 240.0 -21.7 7449 2520
End-use of energy products for non-energy purposes 51.0 51.0

Total Use 2305.0

3.145 In total, intermediate consumption includes the wdeall energy products by
industries as inputs to a production process, Hgas of the nature of that
production process, i.e. whether it is a processveding an energy product into
another energy product for further use in the econ@ransformation), whether it is
a process which ultimately uses the energy cortétite energy product so that no
further use of the energy is possible (end-useyloether it is a process where the
use of the energy content is possible at a latértge.g. plastics)- in some cases by
incorporating the energy into a non-energy prodtiebles 3.7 and 3.8 can be used
to calculate energy intermediate consumption.

3.146 Some energy products may be stored by industriesater transformation or end-
use. The net changes in the quantities storedesm@ded as changes in inventories
and are recorded in the accumulation column foheatevant energy product.

3.147 Household consumption refers to the consumptiohdyseholds of energy products
purchased or otherwise obtained from energy sugplidll such consumption
reflects the end use of energy. Household consumpaiso includes the energy
products produced by the households themselvesvior use, e.g. energy produced
from fuel wood gathered by households and eletyrigenerated by windmills for
own-use by households.

3.148 For each type of energy product, Table 3.8, sholas ¢nd use of energy by
industries, households, as well as by other usegoates. Since primary energy
products are typically used in transformation pases, Table 3.8 usually contains a
limited number of entries of a relatively small mégde for these primary energy
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products — the exception is exports where the piyneaergy products involved have
usually not been subject to extensive transfornmafas described in Table 3.8). In
contrast, most industries will have entries for wfesecondary energy products in
Table 3.8, since a range of energy products ixalpyi used by businesses.

3.149 For each energy product the final column in Tahlg i8 equal to the final column
‘Available for end use’ in Table 3.8 TransformatiohEnergy, up to rounding error.

3.4.7 Use of energy by purpose

3.150 The tables in the previous part of this chaptendbinclude any specific information
on the purposes of the energy use. However, forestypes of analysis it is useful to
know whether the energy is used for, say, transporheating or for non-energy
purposes. This section presents a physical use tahich includes such information
— Table 3.9 Energy Use by Purpose.

3.151 According to IRES, energy products can be usedtlioee purposes: (i) energy
purposes; (i) non-energy purposes; and (iii) tfamsation. (IRES 2011, 5.78).

Table 3.9 Energy use by purpose

Agriculture, Mining and ManufactElectricity, gas, stea Transportation Other industries Households Accumuxports

forestryand quarrying uring and air conditioning and storage ation
fishing supply
ISIC A ISIC B ISIC C ISIC D ISIC H
Transport
Qil 22.0 1.0 150.0 600.0 40.0 65.0 878.0
Electricity 1.0 1.0
Heating
Coal 2.0 0.1 1.0 3.1
Natural gas 1.0 5.0 0.1 12.0 26.0 44.1
Oil 10.0 110.0 21.0 9.0 37.0 187.0
Biofuels 0.2 0.1 i3 5.0 6.8
Waste 3.0 0.1 4.0 37.0 1.0 33.0 78.1
Electricity 6.0 4.0 30.0 3.0 10.0 29.0 82.0
Heat 2.0 10.5 2.0 1.0 19.0 44.0 78.5
Other energy purposes
Coal 17.0 17.0
Natural gas 1.0 34.0 35.0
Qil 2.0 1.0 66.0 69.0
Biofuels 0.1 0.1 0.2
Waste
Electricity 1.0 1.0 18.0 20.0 6.0 5.0 51.0
Heat
Non-energy purposes
Coal -21.0 1.9 -19.1
Natural gas 2.0 201.0 203.0
Oil 51.0 -3.0 441.0 489.0
Biofuels 0.3 0.3
Waste 1.0 1.0
Electricity 100.0 100.0
Heat
Total 50.3 3.2 469.7 90.6 632.0 96.0 240.0 -21.7 744.8B0320

3.152 An energy product is classified as being used fargy purposes if it is used to raise
heat, or for transportation or for electrical seed (IRES 2011, 5.73). In addition,
within SEEA-Energy, energy products, which are aed into other energy
products, are seen as being used for energy pwpose

3.153 Within the broader group of ‘energy used for enepgyposes’ a distinction is made
between energy used for transport, energy useddating, etc, and other energy
purposes. The category energy used for heatingidiesl energy used for cooking,
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3.5
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3.158

3.5.2

3.159

lighting, and household appliances. Other energp@ses includes energy used for
stationary machines in industrial applications.

In some cases it is straightforward to determireeibe of an energy product. Energy
products bought by private households, for instamace most likely used for energy

purposes. In other cases, for instance, when tbhenal industry buys oil products,

it is necessary to obtain information from the velet business units to determine the
purpose of the product.

Non-Energy uses comprise those fuel uses for ctanfiec@dstock and other non-
energy applications. Chemical feed stock relatefueds used as raw materials for
the manufacture of products which contain hydroged/or carbon taken from the
fuel. Non-energy products are fuel products usedninafor their physical and
chemical properties in non-energy applications. reples are lubricants, paraffin
waxes, coal tars and oils as timber preservatietes,(IRES 2011, 5.21).

Almost all consumption of electricity is for powand heat use resulting in the
disappearance of the electricity (as heat). Usel@dtricity for electrolysis occurs in
some industries but statistics distinguishing thise from other uses in the
enterprises are not usually available. (IEA, Ene8ggtistics manual, p. 29).

Exports, distribution losses and inventory changelated to energy products are
always classified as non-energy purposes in SEE&-neven though the energy
products being exported or put into inventories magourse ultimately be used for
energy purposes. However, imports, exports andnitorg changes are recorded as
being for ‘non-energy purposes’ since the ultimade is usually not known.

Energy statistics, energy accounts and energy balees
Introduction

Energy statistics, energy accounts and energy betaall provide information on

energy supply and use. This section describes thesad approaches to energy
information and how they are related. In doing #we key differences between
energy statistics, energy accounts and energy besaare described and bridge
tables, which formally articulate these differenca® presented.

Energy statistics, energy accounts and energy balaes

Energy statistics, balances and accounts are thratstical domains that each
provide information on energy supply and energy. &seergy statistics deal with the
collection and compilation of information on prodien, imports, exports and
domestic use of energy products on the basis afiBpesurveys and by using for
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example business statistics and foreign tradessizdi Energy balances reorganise
the basic energy statistics by confronting and obdating the supply and use sides,
and by highlighting the transformation of energythii the economy. Similarly,
energy accounts can be seen as a reorganizatiorxadsion to energy statistics
and energy balances — but with the goal of producnsystems-based energy
information structure that uses definitions, prples and classifications that are
consistent with the national accounts. Both endrglances and energy accounts
apply the principle that supply equals use, butpppnd use are defined somewhat
differently between these two systems in order eendifferent needs.

The main differences between the energy balancégreenergy accounts relate to
the range of activities considered to be in scoped how these activities are
classified. The energy accounts use the residenceiple to determine whether a
specific energy transaction should be included {ffistance, as imports) and whether
it is included as part of energy use or not. Theiratary of the energy balances
follows the national territory just as basic enesggtistics normally do.

Energy statistics and balances normally include @hlysical data on energy. Energy
accounts support both physical and monetary measfrenergy and a key purpose
of energy accounts is to link these physical anchetary data in a consistent and
meaningful way.

The following sections describe the main differentetween energy balances and
the energy accounts. A key difference between gnacgounts and energy balances
is the use of, respectively, residence and tegrippinciples in defining the national
boundary. This has been comprehensively describeovea in Section 3.3.3,
treatment of international flows (though Sectiod.8.is also relevant) and is not
further discussed here. The text below correspdandkrge part to descriptions
contained in Chapter 11 of IRES.

Energy balances — products

SEEA-Energy uses the ‘positive price’ criteria b€tSEEA Central Framework (and

of the SNA) in order to define whether some phyisezeergy unit should be regarded
as a ‘product’. If no economic transaction (witlp@sitive price) occurs, the item in

qguestion cannot be considered a product. This esseoherence between the
physical flows of energy products and the monetimys (Chapter 4). Note however

that energy produced for own use is included agrsrgy product. Those physical

energy flows which are not associated with an eodondransaction are described
either as flows of energy resources or as los$eslétter are categorised as flows of
residuals).

35



3.164

3.54

3.165

3.166

3.167

3.168

In contrast, the energy balances do not make fisigndtion between the different

types of flows. Rather, all physical flows of engrgre deemed flows of energy
products. Therefore in order to compare informatimmtained in energy balances
and energy accounts it is first necessary to combiue relevant categories of energy
products and losses from within the energy accounts

Energy balances — industries

SEEA-Energy accounts use an industry classificasidmeme that is consistent with
the national accounts i.e. it follows the principlef classification and the structure
of the International Standard Industrial Classifica of All Economic Activities
(ISIC Rev. 4). Thus, information on any specifideprise / establishment (on either
the production or consumption sides) is, as a gdmete, presented under the ISIC
division/class of the principal activity of the amvolved.

While the ISIC is used for both the energy accowamd the energy balances, in some
cases they include different activities. The cleaexample of the difference relates
to own-account transportation undertaken by entegpr — within the energy
accounts this activity is allocated to the printigetivity of the enterprise, according
to ISIC principles. While in the energy balancesnsumption of fuels for own
account transportation activity is simply allocatedthe transport sector, regardless
of what the predominant activity of the businesgmibe.

A similar treatment applies to the generation @fc#iicity and generation of heat for
sale where this generation occurs outside of tlggnproducing industries of ISIC.

In the energy accounts this type of activity isaetpd as secondary activity leading
to the output of energy from the specific industriavolved. An example is the

production of electricity and heat from the inciagon of waste — such activity is
always allocated to the energy sector within thergy balances. However, the
incineration of waste is an activity related to CSClass 3821 (Treatment and
disposal of non-hazardous waste) which is not predantly an energy-producing

industry. Therefore, within the energy account® production of electricity and

heat from the incineration of waste will only bdoahted to an energy-producing
industry if the value added from the energy productexceeds that of other
activities of the producer.

Energy industries and the energy transfor mation sector

More generally, the energy balances provide a dasen of the energy
transformation sector. Within the energy balandb#s sector is broken down by
various transformation technologies applying withire plants undertaking energy
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transformation. These include: electricity plantembined heat and power plants;
heat plants; coke ovens; patent fuel plants; brasaal briquette plants; coal
liguefaction plants, and so on.

The energy balances describe inputs and outputnefgy for these technologies.
However, the energy balances do not explicitly dégcenergy flows from the
environment to the extraction industries. Thougteythdo show the resulting
production of energy products arising from the agtion activity.

As described above, within the energy balancepratiuction of energy, including
industries’ own generation of electricity and hé&at sale, is allocated to the energy
sector. On the use side, the energy industries’ o of energy is included in the
energy balances as a separate category.

SEEA-Energy accounts include the following ISICegairies within its specialised
energy producing industries:

Mining and quarrying:

ISIC Division 05 - Mining of coal and lignite

ISIC Division 06 - Extraction of crude petroleumdanatural gas

Energy production:

ISIC Group 191 - Manufacture of coke oven products

ISIC Group 192 - Manufacture of refined petroleurnducts

ISIC Group 351 - Electric power generation, trarssion and distribution

ISIC Group 352 - Manufacture of gas; distributidrgaseous fuels through mains
ISIC Group 353 - Steam and air conditioning supply

It should be noted that the ISIC classification exfergy production includes a
distinction between the activities of producingattieity and heat. This distinction is
irrelevant when we record production of heat anecticity in combination. The
energy balances include heat and power generasi@ncambined activity.

Energy balances — transport activity and industry atistics

In the energy balances all energy use related &al,roail, air, sea and pipeline
transport are placed under the separate aggregate Transport’. The exceptions
are energy used for fishing vessels, which arecatkd to ‘fishing’ (IRES 2011,

5.89); and energy use for tractors and other dofidraehicles is not regarded as
transport (IRES 2011, 8.41).
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In contrast, the energy accounts attribute the wampgion of fuels by transport

activities to the industries actually using thesml$. Where fuel is used by a
transport operator in carrying out transport sexsion a fee-for-service basis, such
fuel is allocated to ISIC Section H. Transport a8tbrage. However, where an
establishment operates its own transport activiy its own use, any fuel use

associated with this activity is allocated to thelustry to which this establishment
belongs. That is, such use of fuel is recordedxacty the same way as for other
energy use undertaken by the establishment. Thefukels for private cars, boats,

planes, etc. is allocated to households’ privatesamption.

As a supplement to the SEEA-Energy standard taklesrgy use for transport could
be separated from the industries’ and householugl £nergy use and shown as a
memo item. Any such memo item should, however,inolude the fuels used for
off-roaders, lawn-mowers, etc.

Energy balances - supply, use and stock concepts

In the aggregated energy balances, the term ‘supgpresents energy entering the
national territory for the first time, less energyiting from the national territory

(through exports or international bunkering) andckt (inventory) changes. Thus
(IRES 2011, 11.14):

Total energy supply =

Primary energy production

+ Imports of primary and secondary energy

- Exports of primary and secondary energy

- International (aviation and marine) bunkers
- Stock (inventory) changes

More generally, for individual energy products, tltemmodity balances’ define
supply in the following way (IRES 2011, Annex C)

Supply =

Production

+/- Transfers between commodities

+ Imports

- Exports

- International (aviation and marine) bunkers (ggliaable)
- Stock changes

The latter supply concept can be characterisedsagpply for use within the national
territory.

38



3.179

3.180

3.181

3.182

3.183

3.184

3.185

3.186

Transfers between commodities refer to a reclasgifin (renaming) of products
(IRES 2011, 5.17).

The terms ‘stocks’ and ‘stock changes’ as defimethe energy balances correspond,
respectively, to ‘inventories’ and ‘changes in int@ies’ in SEEA-Energy (and in
the 2008 SNA, as well as in commercial accountifgyther, energy balances place
stock changes (inventory changes) as part of supglgh that an increase of
inventories is seen as decreasing the supply ofptieeluct, while a decrease in
inventory is seen as increasing the supply.

Since the use is always equal to the supply, aemprence of defining the supply in
this way is that the use concept of the energyrizaa excludes exports and fuel for
ships undertaking international voyages.

SEEA-Energy, in contrast, defines supply consisyewith the conventions of the
national accounts:

Supply (SEEA-Energy) =

Production (output)
+ Imports (according to the residence principle)

Thus, the SEEA-Energy supply concept is broaden tiie supply concept of the
energy balances, since it includes all energy nedelable for use, including fuel
made available through international bunkering.

The ‘use’ concept operating within SEEA-Energy uudgs all final use — as defined
in the national accounts — including exports andemiory changes. In addition,
international bunkering is recorded in the energgcoants as intermediate
consumption if the bunkering is undertaken by g siperated by a resident unit, or
as exports if the ship is operated by a non-residmmit. It should be noted that
refueling and bunkering by resident airplanes dngssabroad is also included in the
supply and use of the energy accounts.

Inventory changes are recorded as a use in SEEAgin¢hat is, an increase of
inventories is a use, while a decrease in inveasois a negative use (since it leads to
more of the product being available for other uses)

The term ‘final consumption’ within the energy badas excludes the use of energy
products in the energy industries and by other gagngsroducers as input into
transformation and energy industry own-use. Inrthgonal accounts, the term ‘final
consumption’ is used to denote the use of goods senvices by individual
households or the government to satisfy individoratollective needs or wants. As
described earlier, the term ‘final consumptionnist used in SEEA-Energy so as to
avoid confusion with the different use of the satmiem within the energy balances.
Instead reference is made explicitly to householehsamption, changes in
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inventories, exports and so on. In addition, thentéend use’ is introduced into
SEEA-Energy to denote a concept of energy use diajuthe use for transformation
processes.

Energy balances - statistical discrepancy

In concept, supply of energy products will equat 0$ these products. However, due
to imperfections of statistical coverage and otherasurement issues, in practice
there are usually differences between the measfrespply and use. The statistical
discrepancy is the formal description of unresolvedasured differences between
supply and use. Energy balances will, in practiegplicitly include an item for
statistical discrepancies.

SEEA-Energy accounts do not include an item fotistiaal discrepancies, and thus
it is necessary for the accountant to search fasages for the discrepancy and to
work towards a satisfactory means of eliminating discrepancy.

Bridge tables linking energy balances and energy aounts

When a country introduces SEEA-Energy accountsegdly the accounts will be
implemented using energy statistics and energynicala as the basic data providing
the vast bulk of information required. Under thesigcumstances, the most
economical way to implement energy accounts is @kenadjustments to existing
energy statistics and energy balances to deliverggnaccounts. In practice this
means that adjustments and additions to the dasepted by energy statistics and
energy balances must be made. Box 3.1 summarizesdin adjustments needed.

Further, in order to show the links between themmincepts and aggregates of the
energy accounts and the underlying energy staisticd energy balances, countries
may choose to compile bridge tables. Tables 3.9 ahf present bridge tables for
supply and use, respectively. The bridge tablesvstih® additions and subtractions
needed to reconcile the bases used in the eneogyuats and energy balances.

Table 3.9 starts with the supply of the energy beds. By adding international
marine bunkers, exports, inventory changes andhases by residents abroad the
total supply as presented in the SEEA-Energy adsoigiobtained.

Table 3.10 opens with the ‘final consumption’ ofeegy as presented (and defined)
within the energy balances. International marinekaus, exports, inventory changes
and purchases by residents abroad are added im twdecach the end use as
recorded in SEEA-Energy.
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3.193 For both Table 3.9 and Table 3.10 the bridgingdsried out in respect of energy
product details. Such details are available in cath accounts of both the energy
accounts and the energy balances.

3.194 Table 3.11 provides a summary of the key differenbetween energy accounts
energy balances as described within this section.

Box 3. 1 Adjustments to energy statistics and eneygalances needed to derive the energy
accounts

Adjustments to importg/exports. In order to include imports and exports from téneaerg;j
balances onto an energy accounts basis, adjustraentiseeded to relate them to transactions
between resident and non-resident units indepelydehtthe location where the transaction
takes place.

Other adjustments for geographical coverage. In order to compile energy accounts, a number
of items in the energy balances, in addition todng and exports, need to be adjusted for the
residence of the units involved. This is the cameiriternational marine bunkering and for the

items in the bottom block of the energy balancested to ‘final consumption’ (IRE$,
paragraphs 8.33 — 8.34, and Table 8.1). In fae,different uses of energy products of [the
energy balances need to be disaggregated so thay ttan be recorded g@s

intermediate/household consumption when the unigsgdent- or export when the unit is non-
resident and need to be complemented with the usedident units abroad. This is similaff to
the case of international bunkering.

It should also be noted that, in principle, thelighthbe some additional adjustments necegsary
to the geographical coverage to exclude and/oudelterritorial enclaves in the rest of the

world. These areas are clearly demarcated lands ai®ech as embassies, consulates, |etc.)
located in other territories and used by governsighait own or rent them for diplomatfic,
military or scientific purposes. These areas ardusbed from the basic statistics and energy
balances, while they are included in the statigiiesented by the accounting framework.

Reallocation/regrouping of data to the relevant 1ISC division/class. In order to compile the
energy accounts, information has to be regroupedordng to the different ISIC
division/classes. Information on ‘transport’, ‘nenergy use’, ‘energy industry own use’ and
‘primary production’ are example of items that needbe reallocated in order to present
information on an ISIC-based tabulation such asukad in SEEA-Energy.

Additional data items necessary for the compilation of energy accounts

In order to compile energy accounts, it is impotrtem have information that allows for the

adjustments presented. Such information includesgxample, the breakdown of the delivefies
for international bunkering of resident and nonidest units; deliveries to resident and npn-
resident final consumers; and use of energy pradiogtresident units abroad. The additignal
data items depend to some extent on the methods tosenake adjustments to the engrgy
balances.

In view of the above differences countries are enaged to clearly document and make
available the methods used for the reallocation adgistments of data provided by basic
energy statistics and balances to the energy atsoDetails on good country practices in this
respect will be provided in the forthcoming Ene&patistics Compilers Manual.
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Source: International Recommendations for Energyisics (IRES, 2011), Chapter 11.

Table 3.9 Bridge table for domestic supply and totasupply*

Supply (Energy
Balances)

Coal

Peat and peat products

Oil shale/ oil sands

Natural gas (extracted)

Natural gas (distributed)

Oil (e.g. conventional crude oil)
Oil (oil products)

Biofuels

Waste

Electricity

Heat

Nuclear fuels and other fuels nec

+international
marine bunkers Exports

Purchased by
Accumulations residents abroad Energy)

244.1 1.9 -21.0
395
166.1 201.0 2.0
360 361.0
996 44 80.0 -3.0 160
7
109.1 1.0 0.3
134 100.0
78.5

Table 3.10 Bridge table for final consumption and ed use of energy

Final consumption
(energy balances)

Coal 211
Peat and peat products

Oil shale/ oil sands

Natural gas (extracted)

Natural gas (distributed) 77.1
Oil (e.g. conventional crude oil) 930
Qil (oil products) 44
Biofuels 7
Waste 78.1
Electricity 131
Heat 76.5

Nuclear fuels and other fuels nec

4 Exports are removed prior to the calculation of supply or availability in the energy balances dece

back.

+international
marine bunkers Exports

Accumulations  activities

Energy sectors use of
energy for supporting Purchased by

1.9 -21.0
201.0 2.0 2.0
361.0
44 80.0 -3.0 6.0 160
1.0 0.3
100.0 3.0
2.0
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Supply (SEEA-

225

End use (SEEA-
residents abroad Energy)

2

282.1
1291
331

79.4
234
78.5

need to be added




Table 3.11 Comparison of Energy Statistics, Energgalances (IRES) and Energy Accounts

Energy Statistics

Based on primary statistics
(production, foreign trade,
business survey)

Specific energy surveys

No specific format

Territory principle

Physical

(SEEA-Energy)

Energy Balances

Based on energy statistics

Supply and and use balances
Various formats (IEA, Eurostat, UN)
Sectors and industries (ISIC)
Rearrangement of industries’

energy use according to purpose
(transport, auto-producers

and heat for sale)

Detailed description of energy
sector including technologies

All transport in one separate sector

Territory principle

Statistical differences

Physical

43

Energy Accounts

Based on energy statistics and balances
Supply and use balances

Uses national accounts SUT format
Industries classified by ISIC

No re-arrangement of industries’
energy use

Energy “sector” described by ISIC
No description of technologies

Own account transportation included
in industries’ activities

Resident principle
No statistical differences

Physical and monetary
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4.2
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Introduction

The production and use of energy is important tahbthe economy and the
environment. While energy production is an ecoraaity significant activity,
energy itself is required for virtually all form$ economic production and therefore
the choices of energy products used, how they aréyzed, how they are distributed
and by whom they are used are all of vital socioreenic importance. Equally,
these choices have profound implications for tlaesof the physical environment.

SEEA-Energy provides a range of monetary infornratiof acute interest to
policymakers. The principles and structures ungheripg this monetary information
allow it to be integrated with a range of infornmatiabout the physical environment
and to thereby support powerful analyses of econ@and environmental aspects of
energy production and use.

Increasingly, economic instruments are being usedathieve environmental
outcomes and many of these instruments are desigmedfluence the type and
amount of energy used — for example to controldaheunt and type of emissions
arising from energy production and use. It isnunstive to identify environmental
transactions within the key aggregates of the SNA&l @& combine this with
information on changing environmental pressuregorimation on these transactions
may be used to assess whether economic resourgeteddo reducing pressures on
the environment and maintaining the capacity oféhgironment to deliver benefits
are being used effectively. The information alspmorts a comparative assessment
of various possible policies.

This chapter commences with a general descriptibmonetary supply and use
tables and presents a monetary supply table forggrend a monetary use table for
energy. The chapter then describes the charatitsrisnd uses of combined
presentations and provides a combined presentafiomonetary and physical supply
and use tables for energy. The chapter concludiéls & description of other

environmentally related transactions for energy anttoduces and explains a
number of tables designed draw out a range of itapoienergy-related transactions.
This chapter largely summarizes the discussionBE&/ Central Framework which

presents a more detailed treatment of some of ¢hergl concepts.
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Valuation rules and principles for monetary fow accounts
Introduction

For monetary accounts, there are clear guidelime®ming the valuation of various
types of flows within the economy. This section déges valuation based on market
prices, which is the starting point from which tsantions are valued within SEEA-
Energy. In many cases, the prices received byywmexd differ from the prices paid
by purchasers. Accordingly, this section providesgeneral description of the
various types of prices used in SEEA-Energy andr t@plication within the
monetary supply and use tables. It provides furhescription of the impact on
these prices arising from the recommended treatnoéniaxes and subsidies on
products, and trade and transport margins.

Valuation rules and principles
Valuation at market prices

In SEEA-Energy as in the SEEA Central Framework @nedSNA values recorded in
the accounts are, in principle, the current tratisacvalues or market prices for
energy and energy related transactions. Marketepriare defined as amount of
money that willing buyers pay to acquire somethiram willing sellers. Market
prices involve an exchange between independentegash the basis of commercial
considerations only, sometimes called ‘at arm’gthh

Applying the market price principle to the valuatiof energy natural input assets is
challenging since market prices are generally nbseovable. A number of
techniques are suggested in the SKuk the estimation of market prices of assets in
situations where no developed asset market ex&till description of the different
techniques and approaches relevant to environmamtéleconomic accounting, in
particular discussion on the use of Net Presenu® @PV) approaches, is contained
in Chapter 6.

For more details on valuation at market prices S&EA Central Framework,
Section 2.7.3

Basic, producer and purchaser’s prices

When energy is purchased or other energy relatedsactions occur, the amount
ultimately received by the producer or supplietlod product is likely to differ from

the amount paid by the purchaser. The differenmaldc be due to a number of
factors such as taxes, transport costs, wholesaleetail margins and/or subsidies.

! See 2008 SNA Chapters 10 and 13.



4.10

4.11

4.2.4

4.12

To take these different factors into account thdidferent kinds of prices are defined
reflecting the prices from supply and use perspesti The relationship between
these three prices is shown in Table 4.1.

Table 4.1: Basic, producers’ and purchasers’ prices

Basic prices
plus
Taxes on products excluding invoiced VAT
less

Subsidies on products
equals
Producers’ prices
plus
VAT not deductible by the purchaser
plus
Separately invoiced transport charges
plus
Wholesalers’ and retailers’ margins
equals

Purchasers’ prices

The basic price measures the amount retained byribducer and is, therefore, the
price most relevant for the producer’s decision mgk The purchasers’ price of a
good includes any transport charges paid separbtetite purchaser to take delivery
at the required time and place. This is the pnest relevant for the purchaser. A
more detailed description of prices is presentedSBEA Central Framework,

Section 2.7.3

Due to the importance of imports and exports ofrgmeproducts to the energy
accounts it should be noted that imports c.i.fe.(including costs, insurance and
freight) is the price at the point of entry intoethmporting country and includes
costs, insurance and freight incurred between gpomrer’'s and importer’s borders.
For imported products, c.i.f. valuation correspotma basic price valuation.

Taxes and subsidies on products

Taxes and subsidies on products are often a pobihigh focus in the area of energy
policy. Taxes are compulsory, unrequited paymeims;ash or in kind, made by
institutional units to government units. The tagynbe a specific amount per unit of
guantity (e.g. volume or weight), or it may be cdéted ad valorem as a specified
percentage of the price per unit or value of thedpct transacted. A tax on a
product usually becomes payable when the produgtrasluced, sold or imported,
but it may also become payable in other circumstansuch as when a good is



4.13

4.14

4.2.5

4.15

4.16

4.17

4.3
431

4.18

exported, transferred, delivered, or used for ownsamption. (2008 SNA, 7.88).
Examples of taxes on products include: value added(VAT); taxes on exports;
and taxes on imports.

Subsidies on products are current unrequited patsnemde to enterprises by
government units, including non-resident governmenits, on the basis of the
quantities or values of the goods or services thatenterprise produces, sells or
imports. (2008 SNA 7.98).

Of special interest in the area of energy polioy @rose taxes and subsidies payable
per unit of energy product. These taxes on pradgean be subdivided into value
added type taxes and other taxes on products. 18tter include taxes named for
their tax base, e.g. petrol taxes, but also CO2gaxhere the tax base is the unit of
energy involved in the transaction. However, if @missions tax is levied on the
emissions and not on the use of energy, the taroiscategorised as taxes on
products, but instead asher taxes on production(2008 SNA, 7.97).

Trade and transport margins

When energy products are sold through wholesaledsretailers, these activities are
allocated to ISIC Section G - Wholesale and retaitle, and the trade margins are
recorded as output of this industry. The tradegimaforms part of the difference

between the basic price realised by the producethefenergy product and the
purchasers’ price paid by the user.

In addition to possible wholesale and retail atyivithe delivery of an energy
product often involves some form of transport atyiv This transport activity may
or may not be charged and invoiced separately ® lhyer. If the transport
activities are charged separately, regardless adthr it is the producer or another
unit which undertakes these transport activitibs, ¢tharges are recorded as transport
margins. Transport margins, together with tradegims, and taxes and subsidies on
products, make up the difference between basie@prand purchasers’ prices.

If the producer of the energy product carries oahsport activity without explicitly
charging this to the buyer, or if the buyer coletite product directly from producer,
transport margins are not recorded.

Monetary supply and use tables
Introduction

This section describes the general form of a mogetapply and use table — in their
general form, monetary supply and use tables awsebt) related to the physical
supply and use tables, described earlier. Thieggrdescription is followed by a



more detailed discussion of the workings of the atary supply table for energy
products and the monetary use table for energyymtsd

Monetary supply and use tables in SEEA-Energy aldte the flows of energy
products in an economy between different economitsun monetary terms. They
are compiled to provide structural information ¢we tenergy sector and the level of
activity in this sector. They also provide inforfiod about the types of entities
within the economy that are using these energy yortsd Many of the flows of
products recorded in monetary terms relate to the af energy natural inputs
extracted from the environment, for example the ufacture of petroleum products.

In SEEA-Energy, the recording of the products tfiatv within the economy is
consistent with the SNA principles used in recogdthese flows. Products are
‘supplied’ within the economy when they are

produced by industries in the national economylda known as output)

brought in from the rest of the world (a flow knowa imports).

The supply-use identity requires that all suppledducts must be recorded as being
‘used’. Use can occur in a number of ways:

the products can be used by other industries toendéfkerent products (a flow
known as intermediate consumption);

the products can be consumed by households (akitmwn as household final

the products can be consumed by governments (akimwn as government

the products can be sold to the rest of the walfidw known as exports); or
the products can be held as inventories for lasef.u

These flows are classified by type of product anydtype of economic unit and
presented in a tabular format. For a more detaliedussion of the basic form of the
monetary supply and use table see SEEA Central é&namk, Section 2.3.2.

4.3.2 Monetary supply and use tables
4.19
4.20
il.
4.21
i.
il.
consumption);
ili.
final consumption);
iv.
V.
4.22
2When

products are withdrawn from inventories ibhseguent accounting periods they are effectively

re-supplied to the economy at that time. By accimgntonvention, the net change in inventories
(additions to inventories less withdrawals) duriag accounting period is recorded as a “use” of
products.



4.3.3 Monetary supply table for energy

4.23 The monetary supply table for energy products, &ahl2, shows the value of
domestic production for various energy products #ral value of imports at basic
prices. The table also presents, for each typenefgy product, the amount of taxes
and subsidies, and the sum of trade and transpangins.

Table 4.2 Monetary supply table for energy products

Supply Flows Total Taxes (net) Trade andTotal supply]
from the supply at transport at purchaser|
rest of th(basic prices margins prices
world
Agriculture, ~ Mining and Manufact Electricity, gas, stea Transportation and Other industries  Imports

forestry and quarrying uring  and air conditioning storage
fishing supply

ISIC A ISIC B ISIC C ISIC D

Energy products (currency units)
Production of energy products by SIEC class

Coal 3783 3783 203 104 4090
Peat and peat products

Oil shale/ oil sands

Natural gas (extracted) 12 289 12 289 12 289
Natural gas (distributed) 19344 19 344 4252 23596
Qil (e.g. conventional crude oil) 48 455 48 455 48 455
Oil (oil products) 26 818 52 757 79575 27372 7 800 114747
Biofuels 105 10 171 286 286
Waste 768 257 932 1957 482 894 3333
Electricity 23741 1778 25519 16 148 41667
Heat 13538 13538 6135 19673
Nuclear fuels and other fuels nec

Energy for own use

Total 873 60744 27085 56 794 59250 204 746 54 592 8798 268 136

4.24 Following the typical national accounts practicecamts of taxes and subsidies are
presented as taxes less subsidies (taxes, neghile B.3. If information is available,
it is possible to show the taxes and subsidiesrapgls.

4.3.4 Monetary use table for energy

4.25 The monetary use table for energy is presentedveral stages. The top part of Table
4.3 shows the monetary use table for energy inhasers’ prices. It records the
amounts paid by users for the various energy prizdused. As in the physical use
table for energy (Table 3.5), the use is dividetb imtermediate consumption by
industries and other uses including household copsion, exports and inventory
changes. In contrast to the physical use tabtenthnetary use table includes entries
only where monetary transactions take place. Thusgxample, residuals do not
appear in the monetary use table for energy.

4.26 For each energy product, the total use at purcbagegices is equal to the total
supply at purchasers’ prices presented in the last column of Table 4.2.s Téilects
the following accounting identity for the monetamgergy flows:

Total supply at purchasers’ prices = Domestic petida at basic prices + imports, c.i.f.
+ taxes less subsidies on products + trade angpoanmargins

Total use at purchasers’ prices = Intermediate wopsion + private consumption +
inventory changes + exports



4.27

4.28

4.29

4.30

4.31

4.32

4.33

All energy used by the government is recorded aputi to intermediate
consumption; hence this column is omitted. The abesnergy products is not
regarded as capital formation with the exceptiorclidinges in inventories which is
the only contributor to the accumulations column.

The rest of Table 4.3 presents a breakdown of the of energy products at
purchasers’ prices into the elements of taxes kdssidies, trade and transport
margins, and use at basic prices.

The taxes less subsidies paid in relation to easrgy product are allocated to the
users of the energy products. Itis assumed thathe users of the energy products,
who ultimately pay taxes and receive subsidies oodgcts, since taxes and

subsidies affect the purchasers’ price of energyowever, taxes and subsidies
normally are collected or received by producerdymwholesale and retail traders on
behalf of the users. The allocation of taxes anusglies on products to the users of
energy products is therefore based on modelledngssons, and not on direct

observation of flows of taxes and subsidies on pctsl The total of taxes less
subsidies allocated to users of energy productsleT4.3, corresponds to the total of
taxes less subsidies in the supply table, Table 4.2

The tax table is useful for analysing the net taxden related to the use of energy
products. The table can be broken down furthespscific taxes and subsidies, for
example, tables can be set up for VAT, CO2 taxeksaiher energy taxes.

Trade and transport margins are allocated to useneirgy products. For each
energy product, the total of trade and transporigima in Table 4.3 correspond to
the margins presented in the supply table, Talfe As with taxes allocated to uses,
the allocation of trade and transport margins hasbe based on modelled
assumptions, since the allocation is not direchigaryvable.

Although the allocation of taxes less subsidiepooducts and transport margins by
users may be challenging in practice, the resultaides are useful for analysis. In
addition, setting up supply and use tables measuséty the same concept of price
is instructive for the compiler, since it ensurke tonsistency of data and provides a
basis to estimate for missing data i.e. by usingilable information and using
judgment to reach a balance by adjusting the compisnas necessary (2008 SNA,
14.6).

By subtracting taxes less subsidies on productstiad and transport margins from
use of energy products at purchasers’ prices, aalde at basic prices is obtained.
This table shows, for each energy product and ediche user categories, the total
use of imported and domestically produced energdpets. A further breakdown

may be made within separate tables for use of dompoduced energy products

10
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4.34

4.4
4.4.1

4.35

4.36

4.37

4.38

and imported energy products by using informatiovd assumptions on market
shares, etc.

The accounting identity that total supply at bgsiices (Table 4.2) is equal to total
use at basicnres (Table 4.3) for each energy product is fldéll This can also be
expressed by the identity:

Total supply at basic prices = Imports, c.i.f. ©Destic production at basic prices

Total use at basic prices = Intermediate use aidpsgces + Private consumption at
basic prices + Inventory changes at basic priceSxports at basic prices

Combined presentations for energy

Introduction

The presentation of data in a format that combimdgysical and monetary
information is one of theanost powerful features of SEEA-Energy. This featur
allows SEEA-Energy to provide a wide range of infation across various energy-
related themes and to derive indicators that coembphysical and monetary
information.

SEEA-Energy utilises integrated accounting strugsurwithin its physical and

monetary tables — this, along with common undegyaescounting rules and principles
utilised throughout the physical and monetary aat®wand data provides a strong
basis for combined presentations. Such integrédadats are sometimes referred to
as ‘hybrid’ presentations or accounts because toeyain data in different units, for

example, currency units and joules; or currencysuand tonnes of CO2. While the
units are different, the data sets are presenté&ty usonsistent classifications and
definitions, and therefore these presentations @aked combined physical and
monetary presentations.

Different forms of combined physical and monetarggentations are possible and
indeed there is no standard form for these pretienta Often physical flows data are
presented alongside information from the monetapp$y and use tables but even for
this basic structure a range of combinations isiids. The structures chosen for the
combined presentations will depend on the availatdéa and the questions to be
informed.

Energy-related combined presentations could iderttie following: relative costs
associated with the production of various energydpcts by different producers; the
implicit prices paid by different energy users faarious types of energy products;
and/or the emissions associated with use of enamggucts by various users of energy
products. The combining of monetary and physin&rimation related to energy can
also support an informed assessment of policy todfte for example, when

12



4.39

4.4.2

4.40

4.41

4.42

4.4.3
4.43

considering the introduction of a tax on carbon smiains, a combined presentation
could inform of potential impacts on energy pripesd by various energy users and of
potential impacts on the profits of energy suppgliand on the total costs of energy
users.

This section provides general guidance on the clatipn of combined physical and
monetary presentations. In doing dqpriovides the example of a combined monetary
and physical supply and use presentation for enamy suggests other possible
combined presentations for energy.

General principles of combined presentations

While the presentation of information in a form&iat combines monetary and
physical information is one of the most powerfuhtigres of SEEA-Energy and the
SEEA Central Framework, the success of thesssentations requires the use of a
range of practices and principles.

The overarching principle of combining energy-retht monetary and physical

information is the recording of physical flows inn@nner consistent with economic
transactions as presented in the SNA. That issetlifferent types of information

must use similar definitions and classificationseoergy products, energy flows and
industries and institutional sectors. The timarfea recording principles (including

consistent use of residence principle) should maticioughout the combined

presentation. This ensures a consistent compaig$anvironmental burdens with

economic benefits, or of environmental benefitshwatonomic costs. These linkages
can be presented not only at the national leveldisw at disaggregated levels, for
example, in relation to physical regions, or sgedifidustries, or for the purpose of
examining flows associated with the extraction gfaaticular type of energy product
or the emissions of a particular substance.

When the combined presentatica® put together it is important to be aware of an
differences in principles used in the underlyingtistics. Steps must be taken to
remove or adjust for such differences to avoid mststencies within the combined
presentations.

Combined supply and use presentations for ergy

A common combined presentation for energy involihe juxtapositioning of
monetary supply andise of energy products against the correspondingsipél
supply and use of these products. The flows cemsd within a physical supply and
use tables for energy include those related toggneatural inputs, to residuals and to
energy products. For monetary supply and use satdiated to energy, the range of
flows is essentially confined to energy productg@ied and used. Consequently, it is

13



possible to juxtapose monetary and physical supplg use flows for energy — but
only for the supply and use of energy products.

4.44  Energy consumed through intermediate use, and ghesgafter it has been produced,
are both included in the physical supply table. cémtrast, the monetary supply and
use tables contain only those flows associated aftteconomic transaction. These
flows correspond to the block within the PSUT rethto the ‘energy products’.

4.45 The supply or use of energy may provide the bamisaftax (or subsidy) even where
no monetary transaction takes place. For instatiee production of electricity by
wind power may attract a subsidy, even where nmeeic transaction for the wind
power is recorded in the accounts. If a tax (drsty) transaction occurs in relation
to such non-marketed energy flows, it should bemed in the monetary supply and
use tables accounts together with the monetarysfl@iated to energy products.

4.46 The matching measures of monetary and physicallgupm use of energy products
support the calculation of implicit prices for tlegsroducts. While such implicit prices
must be interpreted with caution, thprovide potentially valuable information about
the supply and use of various energy products tilrout the economy. In addition,
these prices provide a powerful data editing tawl gtatisticians seeking to ensure
the coherence and quality of their data outputs.

Combined physical and monetary supply table forgyne

4.47 Table 4.4 shows the form of a standard combinedisghy and monetary supply
table for energy.

Table 4.4 Combined physical and monetary supply tdb for energy products

Agricuture,  Miningand ~ Manufacturing  Electricity, gas, steamTransportation Other
forestry and quarrying and air conditioning  and storage  industries

fishing supply
ISIC A ISIC B ISIC C ISIC D ISIC H

Energy products-Monetary

Production of energy products by SIEC class
Coal 3783 3783 203 104 4090
Peat and peat products
Oil shale/ oil sands

Natural gas (extracted) 12 289 12 289 12 289 12 289
Natural gas (distributed) 19 344 19 344 19344 4252 23 596
Qil (e.g. conventional crude oil) 48 455 48 455 48 455 48 455
Oil (o products) 26818 26818 52 757 79575 27372 7800 114747
Biofuels 105 10 171 286 286 286
Waste 76€ 257 1025 932 1957 482 894 3333
Electricity 23741 23741 1778 25519 16 148 41 667
Heat 13538 13538 13538 6135 19673
Nuclear fuels and other fuels nec

Total supply of energy products &73 60 744 27085 56 794 145 496 59 250 204 746 54 592 54 592 8798 68 136
Supply of other products 64251 4488 583 437 261 35125€ 1773950 2777 653 741950 3519603 210 8886 726 194162 3704 957
Total supply, all products 65134 65 232 610 522 053 351256 1773950 2923 149 801200 3724349 4865 -16726 248 754 3973103

Energy products-Physical
Production of energy products by SIEC class

Coal 225 225
Peat and peat products

Oil shale/ oil sands

Natural gas (extracted) 395 395 395
Natural gas (distributed) 369 369 369
Oil (e.g. conventional crude oil) 721 721 721
Oil (o products) 347 347 930 1277
Biofuels & 2 7 7
Waste 39 55 94 17 110
Electricity 212 212 22 446
Heat 79 79 79
Nuclear fuels and other fuels nec

Total energy products 44 1116 402 661 2223 1194 3629

14



4.48

4.49

4.50

Energy products

Table 4.4 is comprised of two parts. The top li@écribes the monetary supply of
energy products in monetary units and is organ@edlescribed in the discussion
related to monetary supply and use tables (in 8ecti3). Energy products appear
in the rows of the table, while the columns pres@fbrmation on the industries

supplying energy products. The bottom half of Ball4 describes the physical
supply of these products in joules, again energylpct details appear in the rows of
the table and details of the supplying industriggear in the columns. Own account
production is excluded from the physical supplycsithere is no market trasaction
for such production.

Combined physical and monetary use table for energy

Table 4.5 shows the form of a standard combinedsghy and monetary use table
for energy. The table contains two parts. The kaif of Table 4.5 provides
information in monetary terms on the use of enepggducts and is organised
according to the principles of monetary supply asd tables as described in Section
4.2. Energy product detail appears in the rowshef table, while the columns
present information on industriy use of energy matd and other monetary uses of
energy products. The bottom half of Table 4.5 dbss the physical use of energy
products in joules. Again, energy product detppears in the rows of the table and
details of industry use appears in the columnsy@lith other types of energy use.
The part of the table relating to physical usemérgy conforms to the principles and
structure of the physical use of energy table asdeed in Chapters 2 and 3.

The uses of energy products described in the cadumi Table 4.5 include
intermediate consumption by industries, househotthsamption, exports, and
inventory changes and other changes.

Table 4.5 Combined physical and monetary use tabfer energy products

Intermediate consumption
Mining and _ Manufacturing_Electricity, gas, stea Transportation and _ Other industries
and air conditioning storage
supply
ISIC D

Private consumuption and other
Accumulation Floage  Total
rest of the
world

Agriculture, Total Households

forestryand  quarrying
fishing
ISIC A

ISIC B ISIC C ISIC H

Energy products by SIEC class-Use table at puchgsimes

Coal

423 3446 3953 339 - 254 52 137

Peat and peat products
Oil shale/ oil sands

Natural gas (extracted)

Natural gas (distributed)

Qil (e.g. conventional crude oil)
Qil (il products)

Biofuels
Waste
Electricity
Heat

12 289
3578

12 289
8641
4740
73281
286
1057
17 219
6288

109 2858
4740

22621

73 1906 138 23M

43715
12 969

14 955
43715
114 964 41 466
213
848

272

35 744 9461 2279
102
5169
636

67
9135
5353

42
644 4

2276
24 448
13385

46 1401

202

Nuclear fuels and other fuels nec
Total

End-use of energy products by SIEC class-Physitzibt
Coal

36 612 21610 37420 25938 127 754 70 472

140 382

2 17 19 1 - 21 2 - 18
Peat and peat products
Oil shale/ oil sands
Natural gas (extracted)
Natural gas (distributed) 2 39 12 53 26 2 201 229
Oil (e.g. conventional crude oil) 361 361
Oil (oil products) 34 2 326 621 49 1032 102 3 80 179
Biofuels 2 2 5 5
Waste 3 4 37 1 45 33 1 34

Electricity 7 1
Heat 2

Nuclear fuels and other fuels nec
Total end-use for energy purposes

22 50 10
11 2 1

15
19

105
35
419 632

1291 - 22

15

100

745

129
44

963

Total use

4090

12289
23596
48455
114747
286
3333
41667
19673

268 136

1

282
361
1211

79
339
79

2359



4.4.4 Other combined presentations for energy

4,51

4.52

4.53

4.5
4.54

It is not necessary to complete an exhaustive ghyssupply and use table for
energy in order to present valuable combinationghyfsical and monetary data. On
the contrary, it is possible to create highly imh@tive combined presentations while
using only limited data variables. In some casady a limited range of data may be
available and often only a limited range of dataneeded. In other cases,
information on stocks of energy resources in phglsamd monetary terms as well as
other socio-economic variable such as employmenthm added to the combined
presentation. What is critical is that the dataduse the combined presentation
appropriately inform the environmental-economic @ams of policymakers.

For example, the introduction of a price on carleomissions — either through a tax
on such emissions, or through the introduction afcaeme requiring the use of
tradeable permits to emit carbon — is typically ivatied by a desire to reduce carbon
emissions to air to improve the quality of the eomment. Nevertheless, the use of
these policy tools will usually have significantpiications for the economy. There
may be concerns about the cost of such schemebhose thusinesses supplying
energy products, as well as for businesses andehoids who use energy products.
Governments will be acutely interested in the pbitdérrevenue raised by carbon
taxes and carbon emissions trading schemes; atlteiguestion (and cost) of any
related monetary compensation for affected housksisl and/or businesses within
the economy.

To assess the possible impacts of introducing @epsin carbon emissions, therefore
requires a range of monetary and physical datar dxample, physical data on
carbon emissions related to various energy prodiactd to various users and uses of
these products) to assess whether carbon emissigets are being achieved. And a
range of monetary data to assess the impact ofstieme on prices, profits,
household and business expenditure (and saving) gawrnment revenue and
spending. As stated, these data must be cohenentedatable — in short, it requires
a combined presentation of data using informati@seld on the principles of
integrated environmental-economic accounting, adeed in SEEA-Energy and in
the Central Framework of the SEEA. The use of doetb presentations to inform
this (and other) issues is further illustrated ima@ter 7.

Environmental activities and expenditures

A potentially important aspect of integrated enwimental-economic information
systems is the identification of economic trangawti within the SNA related to
‘environmental’ activities. This group of transiacts relates chiefly to
Environmental Protection Expenditures (EPE), whithurn is closely related to the
Environmental Goods and Services Sector (EGSS)th Bee recorded in the SNA
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but within that framework they are frequently notpkcitly identified, or are not
identified as being related to the environment.

There are a number of reasons why integrated emviemtal-economic accounts
seek to separately identify and record transactienscerning environmental

activities. Information on environmental protection particular can be used to
determine the extent of environmental protectiopesmditure being undertaken, and
how these expenditures are being financed. Méaagtine financial commitment of

an economy to environmental protection can alsp lrelassessing the influence of
these expenditures on international competitivenesdherence to user-pays
principles and cost-effect analyses of environmleovatrol mechanisms. Monetary
data can also help determine to what extent varemmmomic agents internalise the
actual costs of environmental protection in thecidion-making.

These transactions are also potentially highly imfative when used in combined
presentations. For example, it could be highlyinfative to combine time series
information on expenditures related to SO2 abateénsm that these could be
compared to corresponding data on SO2 emissionsatsul to data on levels of
production for those activities closely associatgh SO2 emissions.

For SEEA-Energy, the primary focus is on those ratunputs and products
considered to be ‘energy’ in character. SEEA-Epedgscribes the extraction of
natural inputs from the environment to economy, supply and use of energy
products within the economy and the subsequent lguppd use of residuals.
However, it is not the role of SEEA-Energy to exbtanely describe EPE and EGSS
— instead this is a goal of the Central framewofihe SEEA. Nevertheless, there
are no restrictions on using SEEA-Energy data imlzimation with EPE and/or
EGSS data. And indeed the characteristics of thE/SEnergy framework make
this type of use not only potentially very usefut lalso relatively straightforward.

SEEA Central Framework Chapter 4 provides extendigeussion of EPE, Natural
Resource Management (NRM), EGSS and other enviratatlg related
transactions.

Other environmentally-related transactions forenergy

Introduction

The national accounts contain a wide range of tetigns related to the
environment. A number of these transactions weéseudsed in preceding sections,
or are available through the links to further imf@tion provided (relating to
measurement of EPEA, NRM and EGSS). For EPEA €88% emphasis is placed
on the purpose of the transaction - either from plespective of the producer or
from the perspective of the purchaser, and the stypk transactions considered
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primarily related to output, intermediate consuraptifinal consumption and gross
fixed capital formation.

This section focuses on other transactions in tre oational accounts framework
that may be of interest in the analysis of the ecoic aspects of the environment
and hence be considered as environmentally relat8dme of these transactions
might also be identified as having an environmenparpose and hence are
considered environmental transactions. Of pardicidterest in this regard are flows
of environmental taxes and subsidies with respeenergy.

Presentation of environmentally-related trasfers for energy
Table 4.6 shows taxes on production and subsidileged to energy production and

use. Table 4.7 records energy-related propertyonre; income taxes, social
transfers and capital transfers.

Table 4.6 Taxes on production and subsidies related energy production and use

ISICB ISICC ISICD Other Households | Government Rest of the Total
05 - 06 - 19 - Manufac- | 351 - Electric 352- 353 - Steam | industries world
Pay- Recei| Pay- Receiv] Pay- Receiv] Pay- Receiv] Pay- Receiv] Pay- Receiv] Pay- Receiv| Pay- Receiv] Pay- Receiv] Pay- Receiv]{ Pay- Receiv:
able abld able ablg able able| able able| able abl] able  abld able  able able  able able abl able  abld able abl]
Currency units
Taxes on production and imports
Taxes on products
Energy products 0 0 0 0 0 17 42 63 3 63 63}
Other products 120 10 31 5 58 224 224 224
Other taxes on production 15 11 130 27 99 282 282 282
Subsidies
Subsidies on products
Energy products 7] 8 1 8 8
Other products 52 52 52 52]
Other subsidies on production 30 100 63 193 193 193]
Total 135 82 21 161 100] 32 157 63 17 422 7l 253 569 3 1| 822 822

4.62

4.63

4.64

In Table 4.6 the columns relating to industriesyggmment, households and the rest
of the world (exports) indicate whether the taxsabsidy is payable or receivable.

In the example in Table 4.6 taxes are paid by werimdustries, households and the
rest of the world (exports), while they are receiv®y government. Subsidies are
paid by the government and received by industriesteouseholds. The columns for

the total economy, including the rest of the worsthow that the total amounts

payable equal total amounts receivable.

Within Table 4.6 payments of rent is recorded aspprty income receivable by the
owner of a energy natural input. While the allematof rent to the paying industry
(the mining industry) is appropriate within SEEA€fgy, within the national
accounts such an allocation is normally not caroetlin the national accounts and
typically property income is allocated only by imstional units and institutional
sectors.

The payments of rents are also presented in Talflebtit the payments are shown
by institutional sector. In this table rent is g¢opdiy non-financial corporations and
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received by government. In principle, other ingtdnal units may also receive such
payments.

Table 4.7 Property incomes, income taxes, socialansfers and capital transfers related

to energy

Non financial corporations

Households

Government

Rest of the world

Total

Payable Receivable

Payable  Receivable

Payable  Receivable

Payable  Receivable

Payable Receivable

Currency units

Property income
Rent

Current taxes on income, wealth, etc.
Taxes on income

Social contributions, benefits and transfers

Social transfers in kind
Other current transfers

Capital transfers
Capital taxes
Investment grants
Other capital transfers

Social benefits other than social transfers in kind 330 330 330 330
40 40 40 40]

Current international cooperation 600 600] 600 600]
50 50 50 50

410 410 410 410

100 100 100 100

5000

14 158

5 000]

14 158]

5000 5 000

14 158 14 158]

Total

19 208 410 370 1480 19 208] 700] 20 688 20 688

4.65

4.66

4.67

4.68

In Table 4.7 specific taxes on income, wealth, ettated to mining activities is
represented as a payment from non-financial cotra to government. To the
extent that other taxes on income, wealth, etc. specifically related to energy
production they should be highlighted by enterilgnh in a similar way within
Table 4.7.

Social benefits and social transfers in kind reediby households are normally
recorded in the accounts as if the recipient hasived a monetary transfers which
is then immediately used to purchase the produsteerned (SNA 2008, 3.82). In
the example presented in Table 4.7, the paymengseatered as received by
households from government.

In Table 4.7 Other current transfers is presentethé form of a payment from the
government to the rest of the world related to nmd¢ional co-operation. Further
below in this table a capital tax payment relatedfiked capital used by energy
producing corporations is entered as paid by noarffcial corporations to
government. And an investment grant is shown asgbéransferred from the
government to non-financial corporations, and finahn other capital transfer
payment from government to the rest of the worlceisorded.

The last rov of Table 4.7 includes for each institutional sedhe total amounts of
propertyincome, income taxes, social transfers and capitalsfers received or paid
in relation to energy.
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Introduction

Assets are items considered to be of value to socie economics, assets are seen as
stores of value that, in many situations, also fevnputs to production processes.
More recently, there has been consideration ofvidiae inherent in the components
that comprise the environment and the inputs ther@emment provides to society. The
term environmental asset has been used to demosotirce of these inputs which may
be considered in both physical and monetary terms.

Asset accounts for energy natural inputs, more ifipalty mineral and energy
resources, organise relevant information including levels and values of stocks of
the natural inputs and the changes in these omes.tiFlows of extraction, depletion
and discoveries are central to the asset accouhtraturn these can provide valuable
information about the energy natural inputs thaeeonomy relies upon.

Certain energy natural inputs such as coal andaa@l unique in that they can be
extracted and used through economic activity butno& be renewed on any human
time scale. It is therefore important to know #mount of energy natural inputs held
and, over time, the type and extent of changebéesd levels. This knowledge can be
used by policymakers to determine, for example,litkely operating life of existing
energy resources. This could provide an indicatodnfuture requires of energy
imports, and threats to national energy securitycould also provide motivation and
time frame to plans to adopt renewable energy ssurc

This chapter discusses energy natural resourcetsngith a focus on mineral and
energy resources and describes the relevant catagon of these inputs according
their physical characteristics and according tteda related to the extraction of these
inputs. A number of basic physical asset accodiotsenergy are presented and
explained, including the measurement of physicaleteon of energy natural resource
inputs. Inventories of energy products are alstindd and discussed and table is
presented that records, in physical terms, invéegoof energy products, including a
decomposition of changes in inventories for a ramfgenergy products

Definition and categorization of mineral and energy resources

I ntroduction

In physical terms, mineral and energy resourcesategorised along two dimensions;
firstly, according to the physical characteristiof the resource; and secondly,
according to the viability, feasibility and geologknowledge of the resources. This
section defines mineral energy resources and, lsecad the lack of a standard
international classification in this area, providasne practical guidance around this
definition. An important exercise in relation tonmaral and energy resources is the

4
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5.9

categorization of these resources in order to degnoupings of mineral and energy
resources into ‘known deposits and ‘potential dépbs- since the latter are not
included in SEEA-Energy. The section concludeshwat description of certain
recording principles and of units used in physasdet accounts for energy.

Definition and categorization of mineral and energy sources
Definition and classification of mineral and energy sources

As defined in Chapter 3, energy natural resourgaiti® include mineral and energy
resources which for the purposes of SEEA-Energycamposed of deposits of oil

resources, natural gas resources, coal and peatiroes, and uranium and thorium
resources. Note that the definition of mineral amérgy resource in SEEA-Energy is
necessarily narrower than that in SEEA-Central Fenaork. As used in SEEA-Energy

mineral and energy resources include only thoseuregs that related to energy, while
in SEEA Central Framework the definition is broaded it includes non-metallic and

metallic minerals. There is no internationally agtaletailed classification for mineral

and energy resources suitable for statistical pggpo In defining mineral and energy
sources within SEEA-Energy, a number of clarifioatpoints are therefore required.

While firewood in forests and other stocks of biesién nature can be used for energy
purposes and are included as energy natural resdoputs, no asset accounts are
compiled because, overall, these assets are moaply used as energy natural inputs.
They are instead recorded as biological resourddsnmhe asset accounts of SEEA
Central Framework. Nevertheless, the supply aredaighese inputs is presented in
the flow accounts in Chapters 3 and 4 of SEEA-Eyerg

Renewable sources of energy such as wind, solahgdbpower are not considered
physical assets in SEEA-Energy. Except for enesgyrced from biomass, other
renewable sources of energy cannot be exhaustexdtlas case for mineral and energy
resources — neither can they be regenerated. ihhals accounting sense there is no
physical stock of these types of renewable souofesnergy that can be used up or
sold. Nevertheless, physical flows of energy afreen renewable sources of energy
and these flows are captured in Chapter 3 and 4.

Categorization of mineral and energy resources

Since mineral and energy resources are generallydfd®oelow the ground (and hence
are commonly referred to as subsoil assets) itfisnonot known with complete
precision the quantity of resources that mightdssonably extracted. Consequently, a
key factor in the measurement of mineral and enezggurces is the concentration and
quality of the mineral and energy resources indeposit, since this will influence the
likelihood and cost of extraction and the degreearifidence that exists regarding the
guantity that can be extracted in the future.
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The framework used to define the scope of knownodip is the United Nations
Framework Classification for Fossil Energy and MaleReserves and Resources 2009
(UNFC-2009). The UNFC-2009 is a generic and flexibcheme for classifying and
evaluating quantities of fossil energy and mineealources.

The UNFC-2009 categorizes mineral and energy regsuby looking at whether, and
to what extent, projects for the extraction or exption of the resources have been
confirmed, developed or planned. Based on the mbatwf the projects, the
underlying natural resources are classified acogrdio a range of criteria. The
UNFC-2009 is based on a breakdown of the resouapesrding to three criteria
affecting their extraction:

» Economic and social viability (E)
» Field project status and feasibility (F)
» Geological knowledge (G)

The first criterion (E) ‘Economic and social vidbil designates the degree of
favourability of economic and social conditions @éstablishing the commercial
viability of the project. The second criterion (Fjeld project status and feasibility’
designates the maturity of studies and commitmeetessary to implement mining
plans or development projects. These extend frarty eexploration efforts before a
deposit or accumulation has been confirmed to etlisbugh to a project that is
extracting and selling a product. The third crdar (G) ‘Geological knowledge’
designates the level of certainty in the geologidalowledge and potential
recoverability of the quantities.

Known deposits are categorised into three classash edefined according to
combinations of the abovementioned criteria from tINFC-2009.

Class A: Commercially Recoverable ResourceBis class includes deposits for projects
that fall in the categories Eland F1 and wherdehel of confidence in the geological
knowledge is either high (G1), moderate (G2) or (G@).

Class B: Potentially Commercially Recoverable Resesi This class includes deposits
for those projects that fall in the category E2dwentually E1) and at the same time in
F2.1 or F2.2 and where the level of confidencéendeological knowledge is either
high (G1) moderate (G2) or low (G3).

Class C: Non-Commercial and Other Known Depaaitsresources for those projects
that fall in E3 and for which the feasibility istegorised as F2.2, F2.3 or F4 and where
the level of confidence in the geological knowledgeither high (G1), moderate (G2)
or low (G3).

Known deposits exclude potential deposits whereeths no expectation of the
deposits becoming economically viable and there lsck of information to determine
feasibility of extraction or to have confidencethe geological knowledge. Table 5.1



gives an overview of how the classes of energy uess are defined based on the
UNFC criteria. The UNFC is explained in more deimiAnnex A5.1.

Table 5.1: Categorization of Mineral and Energy Resources

SEEA Classes Corresponding UNFC-2009 project categories
E F G
Economic and social viability Field project statusldeasibility  Geological
knowledge

Class A: Commercially E1. Extraction and sale hasF1. Feasibility of extraction by a
Recoverable Resourdes  been confirmed to be defined development project or

economically viable mining operation has been

confirmed

Class B: Potentially E2. Extraction and sale is F2.1 Project activities are ongoi
Commercially Recoverable expected to become to justify development in the
Resources economically viable in the foreseeable future

foreseeable futufe Or uantities

F2.2 Project activities are on hol sociated with
and/or where justificationas a 4 known
commercial development may bﬁeposit that ca
_ subject to significant delay be estimated
SUEIREEREIS] Class C: Non-Commercial E3. Extraction and sale is né®.2 Project activities are on holgith a high

and Other Known Deposfts expected to become and/or where justification as a (G1), moderate

economically viable in the commercial development may b?GZ) or low
foreseeable future or subject to significant delay (G3) level of
evaluation is at too earlya Or confidence
stage to determine economi€2.3 There are no current plans to
viability develop or to acquire additional

data at the time due to limited

potential

Or

F4. No development project or
mining operation has been

identified
iR [Sefok|s Exploration Projects E3. Extraction and sale is né8. Feasibility of extraction by a Estimated
(lerdlpelitiel=lellg 1 Additional quantities in placexpected to become defined development project or quantities
SEEA) economically viable in the mining operation cannot be associated with
foreseeable future or evaluated due to limited technica potential
evaluation is at too early a data deposit, based
stage to determine economiOr primarily on
viability F4. No development project or indirect
mining operation has been evidence (G4)
identified

Notes

1. Includes on-production projects, projects apptfor development and projects justified for depetent

2. Includes economic and marginal development ptejeending and development projects on hold

3. Potential Commercial Projects may also satlséyrequirements for E1.

4. Includes unclarified development projects, nable development projects, and additional quaastiin place
Source: UNFC-2009, Figures 2 and 3

5.15 The scope of known deposits is broader than thpesod deposits that underpins the
measurement of energy resources in the SNA. InSNA the scope is limited to
deposits that are commercially exploitable givenrent technology and relative
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prices! The broader scope of known deposits is applieSEEA-Energy to ensure that
as broad an understanding as possible is obtainethe availability of the stock of
energy resources. Issues associated with the sobpee valuation of mineral and
energy resources are discussed further in chapter 6

Units and recording principles

Units

The physical asset accounts for energy use diffareits such as tonnes, cubic metres,
oil equivalents, petajoules (PJ), etc. dependingvbat is the most appropriate unit for

a given resource. The same unit should be usedighiout the account for a specific

mineral and energy resource in order to ensureistam$ accounting throughout the

presentation (i.e. applying the various changethéopening stock allows derivation

of the closing stock). By applying conversion fast it is possible to convert the

accounts from one unit to another (e.g. from torteeRJ). Annex Al includes general

factors for use in the calculation of such convarsi

When all resource accounts for the various typesnafrgy are converted to a common
energy unit, usually joules, the accounts for imdiial mineral and energy resources
can then be combined into one asset account expgespening and closing stocks
and changes within the period for all energy stocks

Quantification

When quantifying natural gas assets based on patéuture extraction care should be
taken not to double-count quantities which are aoted and then re-injected into the
same or other geological deposits. These quasititiegas should only be included in
the potential future output when they are finalktracted with the purpose of being
used in the economy. Another operational arrangeiseto place quantities of natural
gas in controlled storage ready for further digttibn to consumers. Under these
circumstances the natural gas should be considem@oduct and the stocks of gas in
controlled storage are treated as inventories afraargy product.

The above approach to quantifying mineral and gneegources ensures consistent
recording within both the asset and flow accouwntsenergy i.e. consistent treatment
of flaring of natural gas, own consumption of enyeagd extraction losses.

In practice, the implementation of asset accountsrfineral and energy resources will
rely heavily on basic quantity estimates. These published by companies,
geological surveys, etc. and may reflect a rangdiféérent recording principles. It is
therefore important to research the basis on wthelse data are recorded and where
necessary and possible to adjust the basic ingatat#o the required basis. Thus, for

1 See 2008 SNA, paragraph 10.179.
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example, the Petroleum Resources Management Sydtesloped by the Society of
Petroleum Engineers (SPE) states that in genemlréBource estimates should be
based on sales quantities. Non-sale quantitidsidecpetroleum consumed as fuels,
flared or lost in processing plus hydro-carbonst tmast be removed prior to sale
(SPE-2007, p. 15). Where data are recorded onbiiss it is necessary to adjust the
guantity estimates based on additional informatimm the companies, geological
surveys, etc. where such information on the useeXtyactors, flaring and losses is
available.

Physical asset accountsfor mineral and energy resources

Introduction

This section describes physical asset accountsipberal and energy resources. The
first table reports on stocks of mineral and eneggources in physical units and aims
to group mineral and energy resources into comrabycirecoverable resources;
potentially commercially recoverable resources; aad-commercial and other known
deposits. It reports information at a point in ¢im The second table reports on
opening and closing stocks of various mineral andrgy resources, and the changes
in these stock positions over the accounting peridde various categories of change
in these stock levels are defined and described.

Physical asset accountsfor energy

Physical asset accounts for mineral and energyress should be compiled by type
of resource and include estimates of the openimd) @dasing stock of the mineral
energy resource and changes in the stock overcitmuating period.

While various units such as tonnes, cubic metresmetly be used in the physical asset
account, for mineral and energy resources, aggeyg# possible by using a common
unit such as joules or other energy units.

Measurement of opening and closing stocks

Ideally, opening and closing stocks of each resewitould be classified by class of
resource — i.e. Class A: Commercially Recoverabésdrrces, Class B: Potentially
Commercially Recoverable Resources, or Class C:-t&tonmercial and other known
deposits — following the presentation in Table 5.2.

It is not recommended that totals across all cesdandividual types of resources be
compiled. Because each class has a different liketl of extraction, simple
summation of the available resources for a spec#source (e.g. coal) may give a
misleading indication of total available resources.

9



Table 5.2 Socks of mineral and energy resources (physical units*)

Class of known deposit
Class A: Commercially  Class B: Potentially  Class C: Non-commercig

recoverable resourcescommercially recoverable and other known deposi

Type of mineral and energy resource resources

Oil resources (‘000 barrels) 800 600 400
Natural gas resources (m3) 1200 1 000 1500
Coal & peat resources (‘000 tonnes) 500 50 50

Uranium and thorium (tonnes)

5.26 In this framework it is important to clarify thosesources for which a monetary
valuation is to be established. If this distinatis not made, a subsequent comparison
between physical and monetary accounts for indafideesources may provide
misleading indicators of average prices and retatiwvailability of individual
resources.

Physical asset account for mineral and energy resources

5.27 A basic physical asset account for mineral and ggnegsources is shown in Table 5.3.
The following text describes the various categoatadditions and reductions to stock
levels.

Table 5.3 Mineral and energy resource account (physical units*)

Type of mineral and energy resource
(Class A: Commercially recoverable resources)

Oilresources Naturalgas Coal & peat Uranium and
(‘000 barrels) resources (m3) resources thorium (tonnes

(‘000 tonnes)

Opening stock of mineral and energy resources 800 1200 600
Additions to stock

Discoveries

Upwards reappraisals 200

Reclassifications

Total additionsto stock 200
Reductions in stock

Extractions 40 50 60

Catastrophic losses

Downwards reappraisals 60

Reclassifications

Total reductionsin stock 40 50 120
Closing stock of mineral and energy resources 760 1 350 480

10
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Additions to and reductions in the stock of energy resources

The changes in the stock in physical terms showldsider the following types of
changes.

Discoveries.Discoveries should incorporate estimates of thantjty of new deposits

found during an accounting period. To be regardeda discovery the new deposit
must be a known deposit — i.e. in Class A, B orI€situations in which a quantity of
potential deposits becomes known to a higher degifeeonfidence, this increase
should be treated as discoveries. Discoveriesldhoel recorded by type of resource
and by category of resource.

Reappraisals.Reappraisals may be upwards or downwards. Thewld only pertain
to known deposits. In general, reappraisals weihte to either additions or reductions
in the estimated available stock of a specific difpar to changes in the categorization
of specific deposits between Class A, B or C basedchanges in geological
information, technology, resource price or a combion of these factors.

Extraction. Estimates of extraction should reflect the qusnof the resource

physically removed from the deposit. It should lede mining overburden, i.e. the
guantity of soil and other material moved in ortleextract the resource. As well the
quantity should be estimated before any refinenwenprocessing of the resource is
undertaken. Estimates of extraction should incledémates of illegal extraction,
either by residents or non-residents, as these ateaeduce the availability of the
resource.

It is noted that for the extraction of natural gh® measurement of the quantity
extracted may be more difficult due to the natufeh@ extraction process for some
deposits. In cases where natural gas is found eiitht is the pressure exerted by the
natural gas that causes the oil (and some natasgl tg be expelled from the oil well.
Some of the natural gas that is expelled may bedlaather than being put to direct
use. Some natural gas, especially after extradtasbeen continuing for some time,
may be re-injected to increase the pressure omettn@ining oil and so allow more oil
to be expelled. In such cases, if the natural gssociated with the oil is being
accounted for, an allowance must be made for tleeedse in the amount of natural
gas available for other uses due to flaring anchyection.

Catastrophic losse€atastrophic losses are rare for most energy ressu Flooding
and collapsing of mines does occur but the depasitdinue to exist and can, in
principle, be recovered and the issue in this exangpone of economic viability of
extraction rather than actual loss of the resoutsedf. An exception to this general
principle concerns oil wells that can be destropgdire or become unstable for other
reasons leading to significant losses of oil resesr Losses of oil and related
resources in this situation should be treated tessttaphic losses.

11



53.3

5.29

5.30

54
54.1

531

54.2

5.32

ReclassificationsReclassifications may occur if certain deposies @pened or closed
to mining operations due to a government decisiomcerning the access rights to a
deposit. All other changes in the quantity of kmodeposits should be treated as
reappraisals. Reclassifications may conceivablyrdmorded if asset accounts for
energy resources are being compiled by institutiseator.

Depletion measured in physical terms

In the compilation of asset accounts the measurewofetiepletion is often a particular
focus. The depletion of energy assets relatetdagotysical using up of mineral and
energy resources through extraction and harvest by ecomouwmits, including
households, such that thesea reduced availability of the resource at thd efithe
accounting period. Depletion will not usually fukccount for all possible changes in
the stock of an asset over an accounting periodoldlien measures for timber
resources are part of the asset accounts discissB&EA Central Framework. As
mentioned earlier, SEEA-Energy does not includeetasscounts for natural inputs
such as timber which are not primarily used forrggeurposes.

In physical terms, the depletion of mineral and rggeresources is equal to the
guantity of resource that is extracted, since @mwgistock of resources at the beginning
of a period cannot regenerate itself on human toades.

Inventories of energy products

Introduction

The resource accounts described in the previousosscof this chapter refer only to
accumulated quantities of mineral energy resourdes, the naturally occurring

resources before they are extracted from the gramtithus become products. This
section describes physical asset accounts for adeated quantities of energy

products. It presents a physical asset accourinf@ntories of energy products which
suggests a decomposition of changes in inventdoiea range of energy products.

Inventories of energy products

Classification of energy products

SIEC provides the classification of energy produaessused for the general physical
supply and use tables for energy products as predeim Chapter 3. The same
classification should be used for the asset acsoiortinventories of energy products
in order to ensure consistency between the physiopply and use tables and the
physical asset accounts for inventories.

Physical asset accounts for inventories

12



5.33

5.34

5.35

5.36

5.37

5.38

5.39

5.40

In addition to accumulated quantities of minerat anergy resources, governments
and enterprises in a country will often hold acclated quantities of coal, oil and
others sorts of energy products either for reasdnsational security, self-sufficiency
or for purely commercial reasons.

Those accumulations of energy products correspongttat is often called ‘stocks’
within energy statistics. Thus, IRES defines stoak quantities of fuels that can be
held and used to: (a) maintain service under caotstwhere supply and demand are
variable in their timing or amount due to normalrket fluctuations, or (b) supplement
supply in the case of a supply disruption. IRE8Her defines stock changes as the
increase (build up) or decrease (draw down) ingin@ntity of stock over the reporting
period (IRES 2010, 5.16).

Using terminology consistent with the national aous, these physical accumulations
of energy products are called inventories in SEER&HY, while the term stocks is
used to designate any point-in-time accumulatiothiwithe economy, whether it is
mineral and energy resources or energy products.

The range of energy products included within theESEEnergy item ‘inventories’
includes primary energy products which are beinguawulated after extraction and
before processing takes place (coal, crude oil, aatural gas, etc.) as well as
secondary energy products which are the resultfaftaer processing (town gas, fuel
oil, gasoline, diesel, etc.).

Besides having an analytical interest in their owight, the asset accounts for
inventories can be instrumental within the physisapply and use tables for energy
products since full asset accounts for the inveesoof energy products assists in
keeping track of whether the recording of changesventories exhibits a bias over
time i.e. it may indicate quality issues with traimation of inventories.

Table 5.4 represents a physical asset accounnfaniories of energy products. In
line with the physical asset accounts for energgoueces (Table 5.3) it shows the
opening and closing stocks and the changes duhagatcounting period. However,
the change items in the asset account for energgugts are different when compared
to the asset accounts for mineral and energy ressusince the recording of
discoveries and extraction is not applicable fa ithventories of energy products.

An asset account for inventories should be setaupe&ch important energy product.
The heading of Table 5.4 lists various energy potslu As mentioned in the previous
section, it is important to use the same clasdificaof the energy products as is used
for the general supply and use tables.

Due to the non-material characteristics of eleityriand heat, it is not possible to put
these energy products into inventories and thustasscounts are not applicable for
electricity and heat. In practice, inventories ¢artain other energy products may not
exist, or may not be relevant. For instance, iymat be relevant to set up accounts
for inventories of waste.

13



Table 5.4 Physical asset accountsfor inventories of energy products

Coal Peat and pe. Oil shale/ oil Natural gas (0]] Biofuels* Waste* Nuclear and
('000 tonnes) products sand (‘000 (‘000 m3) (‘000 tonnes) others*
('000 tonnes) tonnes)
Opening level of inventories 1899 2004 5336
Changes due to transactions
Additions 100 55 505
Withdrawals -800 -500
Recurrent losses -96 -2 -64
Total changes due to transactions -796 53 -59
Other changes

Catastrophic losses

Uncompensated seizures

Changes in classffication

Other changes in inventories n.e.c. 99 -14

Closing level of inventories 1202 2057 5263
* Units different for different subcategories

5.41 The heading of Table 5.4 only shows aggregated pgoof energy products - in
practice it is appropriate to implement the phylsasset accounts for inventories at a
much more detailed level, for instance, by distisging by various types of oil and
oil products.

5.42 The units used in the inventories asset accoumsbeaspecific to the various energy
products, as in the example in Table 5.4, or itlbarctonverted into a common physical
unit, e.g. tonnes or into calorific values, suctpatjoules.

5.43 The various accounting items in the rows of thdeare explained below. In most
cases, it is only relevant to record the opening) @osing stocks, and the total change
in inventories.

Opening level of inventories The level of the inventories at the beginninglod year.
It is equal to the closing stock of the previoustye

Changes in level of inventories is the sum ofadditions, withdrawals and regular
losses to inventories. Additions to inventories are recorded when energy produds a
purchased, produced or otherwise acquire®Vithdrawals from inventories are
recorded when products are sold, used as interteediansumption or otherwise
relinquished. In additiomecurrent losses are included i.e. such losses in inventories
that normally take place and should be expectedenHarge losses, if they occur
regularly, should be taken into account when calicog the change in inventories.
Changes in inventories are also recorded in the physical supply and as#es$ in
Chapter 3.

Catastrophic losses and uncompensated seizures Catastrophic lossesover the effects
of earthquakes, volcanic eruptions, tidal wavesribanes, droughts, floods and other
natural disasters as well as wars. Blow-outs andlagration of oil in pipelines also
fall under this category. In addition to catastrimplosses, inventories owned by a
specific institutional unit can be reduced by unpemsated seizures.

14



Changes in classifications involve no change in the volume of the inventoriesg
relate mainly to the change of a unit from oneito§bnal sector to another (e.g. the
owner of the inventories moves from the househaddia to the non-financial
corporations sector). This item is only relevahtthie asset account is set up for
individual institutional units, and not if the aeods are set up for the total economy.
Also changes from work-in-progress to finished goathy be recorded here, if such a
distinction between inventories of products is madthe accounts.

Other changesin inventories n.e.c. When the assumption underlying the calculation of
the rate of current shrinkage of inventories isiged (in relation to changes in
inventories above) this should be reflectedbier changes in inventories (2008 SNA,
12.50).

Closing stocks This is the level of the inventories at the endhef year and is equal to
the opening stock of the subsequent year.
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Annex A5.1: Description of the UN Framework Classification for Fossil Energy and
Mineral Reserves and Resources 2009 (UNFC 2009)

1. The UNFC-2009 categorizes mineral and energy ressuby looking at whether, and to
what extent, projects for the extraction or expiora of the resources have been
confirmed, developed or planned. Based on the nibatof the projects the underlying
natural resources are classified. The UNFC-20@&&2d on a breakdown of the resources
according to three criteria affecting their extiaict

» Economic and social viability (E)
» Field project status and feasibility (F)
* Geological knowledge (G)

2. The first criteria (E) designates the degree ofotmability of economic and social
conditions in establishing the commercial viabilifiythe project. The second criteria (F)
designates the maturity of studies and commitmeeisessary to implement mining
plans or development projects. These extend frany eexploration efforts before a
deposit or accumulation has been confirmed to etisbugh to a project that is
extracting and selling a product. The third ci&t€fs) designates the level of certainty in
the geological knowledge and potential recoverghdf the quantities.

3. Each criteria, E, F and G, is sub-divided into gateées characterizing the projects for
exploring and extracting the resource. The categdor the economic and social criteria
are numbered from E1- E3.

* The category E1 includes projects where extractiath sale is economically viable,
i.e. the extraction is assumed to be economic a@n lthsis of current market
conditions and realistic assumptions of future rearkonditions. It includes
considerations of prices, costs of the legal arsgali framework, and various
environmental, social and other non-technical fisctbat could directly impact the
viability of a development project. The economiability is not affected by short-
term adverse market conditions provided that lostigen forecasts remain positive.

» For projects falling into category E2, extractiordasale has not yet been confirmed
to be economic but, on the basis of realistic agtioms of future market
conditions, there are reasonable prospects forauomnextraction and sale in the
foreseeable future.

» For E3 extraction and sale is not expected to becenonomically viable in the
foreseeable future or evaluation is at too earlgtage to determine economic
viability.

4. The categories for project status and feasibiliy mumbered F1 — F4 with further sub-
categories in some cases.

» The category F1 includes projects where extragdarurrently taking place (F1.1);
or capital funds have been committed and implentiema@f the development project
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or mining operation is underway (F1.2); or suffitig detailed studies have been
completed to demonstrate the feasibility of extoarctoy implementing a defined
project or mining operation (F1.3).

Both F2.1 and F.2.2 includes projects where thsilfddy of extraction is subject to
further evaluation. For F2.1 project activitieg @ngoing to justify development in
the foreseeable future; and for F2.2 project antiziare on hold and/or justification
as commercial development may be subject to afsignt delay. F2.3 indicates
that there are no current plans to develop or tjuiae additional data at the time
due to limited potential.

F3 indicates that the feasibility of extraction &ydefined development project or
mining operation cannot be evaluated due to limiemthnical data.

F4 indicates that no development project or mirapgration has been identified.

The categories for geologic knowledge are numb&gd54. Quantities associated with a

high level of confidence (or low level of uncertgipare classified as G1, quantities associated
with a moderate level of confidence are classiisd52 and quantities associated with a low
level of confidence as G3. Quantities associatetl wipotential deposit based primarily on
indirect evidence are classified as G4.
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Annex A5.2: Tables on conversion factors, calorific values and measurement units (IRES
2011)

Table A5.1: Mass equivalents

N Kilog Metric Long Shor Pounds
rams tons tons t
TO
MULTIPLY BY
Kilograms 1.0 0.001 0.0009 0.00 2.2046
Metric tons 1000. 1.0 0.984 1.10 2204.6
Long tons 1016. 1.016 1.0 1.12 2240.0
Short ton 907.2 0.9072 0.893 1.0 2000.0
Pounds 0.454 0.000454 ~ 0.0004 0.00 1.0
46 05

Note: The units of the columns can be convertdd the units of the rows by
dividing by the conversion factors in the table.

Example: Convert from metric tons (ton) into lotogs:1 ton= 0.984 long ton.

Table A5.2: Volume equivalents

IN . .
U.S. Imperial Barrels Cubic feet Litres Cubic
gallons gallons metres

oA MULTIPLY BY

U.S. gallons 1.0 0.8327 0.02381 0.1337 3.785 0.0038
Imp. Gallons 1.201 1.0 0.02859 0.1605 4,546 0.0045
Barrels 42.0 34.97 1.0 5.615 159.0 0.159
Cubic feet 7.48 6.229 0.1781 1.0 28.3 0.0283
Litres 0.2642 0.220 0.0063 0.0353 1.0 0.001
Cubic metres 264.2 220.0 6.289 35.3147 1000.0 1.0

Note: The units of the columns can be converted the units of the rows by dividing by the convers
factors in the table.

Example: Convert from barrels into cubic meterd. barrel = 0.159 cubic meter.

Table A5.3: Conversion equivalents between ener gy units

NS TJ Miton GCal GWh ktoe ktce

T~ MULTIPLY BY

Terajoule 1 947 8 238 .84 02777 2.388x10 3.411x10
Million Btu 1.0551x10 1 0.252 2.9307x10* 2.52x10° 3.6x10°
Eig\z%Cl:\alorie 4.18(28x1f 3.968 1 1.163x10° 104 l.42?x1('
Gigawatt 3.6 3412 860 1 8.6x102 1.229x10
Ktoe 41.868 3.968x10 10 11.630 1 1.429
Kice 29.308 2.778x10 0.7x10 8.14 0.7 1

Note: The units of the columns can be converted the units of the rows by dividing by the
conversion factors in the table.

Example: Convert from Gigawatt-hours (GWh) intadjeules (TJ):1 GWh = 3.6 TJ.
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Table A5.4: Difference between net and gross calorific valuesfor selected fuels

Fuel Percentage
Coke 0
Charcoal 0-4
Anthracite 2-3
Bituminous coals 3-5
Sub-Bituminous coals 5-7
Lignite 9-10
Crude oil 5-8
Petroleum products 3-9
Natural gas 9-10
Liguefied natural gas 7-10
Gasworks gas 8-10
Coke-oven gas 10-11
Bagasse (50% moisture content) 21-22
Fuelwood (10% moisture 11-12
content)

(20% moisture 22-23
content)

(30% moisture 34-35
content)

(40% moisture 45 — 46
content)

Sources: UN (1987).

Table A5.5: Influence of moisture on solid volume and weight of standard fuelwood

Percentage moisture content of fuelwood

10C 80 60 40 15 10 0
Solid volume in m 0.80 0.89 1.00 114 133 139 1.4 1.6
per ton 5 0
Weight in tons 125 112 100 08 075  0.72 06 06
per n? 9 3
Source: UN (1987).
Table A5.6: Fuelwood to charcoal conversion table
Influence of parent wood density on charcoal praiduc
(Weight (kg) of charcoal produced per cubic metrelfvood)
Coniferous Aver_age Prefe_rred Mangrove
wood tropical Tropical (hizophora)
Hardwoods hardwoods
Charcoal 115 170 180 285
Influence of wood moisture content on charcoal piaibn
(Quantity of wood required to produce 1 ton of clual)
Moisture content (dry basis) 1 80 6 4 1 1
0 0 0 5 0
0
Volume of wood required 1 16. 1 1 6. 5
(cubic metres) 7. 2 3. 0. 6
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6 8 5 8
Weight of wood required 1 11 9 7. 5. 4 4
(tons) 2. 6 9 5 8 7 .

6 1

Sources: UN (1987).
Table A5.7: Fuelwood requirement for charcoal production by kiln type
(Cubic metres of fuelwood per ton of chargoal
) Percentage moisture content of fuelwood
Kiln Type
15 | 20 40 60 80 100

Earth kiln 10 13 16 21 24 27
Pprtable steel 6 7 9 13 15 16
kiln
Brick kiln 6 6 7 10 11 12
Retort 4.5 4.5 5 7 8 9

Source FAO (2004)Unified Bioenergy Terminol ogy.

Table A5.8: Energy values of selected animal and vegetal wastes

Average moisture Approximate
content: dry basis ash content Net calorific
Wastes (percentage) (percentage) value
(M 1/ka)

Animal dung 15 23-27 13.6
Groundnut shells 3-10 4-14 16.7
Coffee husks 13 8-10 15.5-16.3
Bagasse 40-50 10-12 8.4-10.5
Cotton husks 5-10 3 16.7
Coconut husks 5-10 6 16.7
Rice hulls 9-11 15-20 13.8-15.1
Olives (pressed) 15-18 3 16.75
Oil-palm fibres 55 10 7.5-8.4
Oil-palm husks 55 5 7.5-8.4
Bagasse 30 10-12 12.6
Bagasse 50 10-12 8.4
Bark 15 1 11.3
Coffee husk, 30 8-10 13.4
Coffee  husk, 60 8-10 6.7
Corncobs 15 1-2 19.3
Nut hulls 15 1-5 18.0
Rice straw & 15 15-20 13.4
Wheat straw & 15 8-9 19.1
Municipal .. .. 19.7
Paper 5 1 17.6
Sawdust 50 1 11.7

Sources: UN (1987).

Note: Two dots (..) indicate that data are notilade.
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6.1

6.1.

6.2.

6.3.

6.4.

6.5.

6.6.

Introduction

Monetary asset accounts for mineral and energyuress provide a market based valuation
of physical stocks of mineral and energy resouiaed the changes in the value of these
stocks over time. These estimates can be relatboth physical asset accounts for energy
as presented in chapter 5 and the asset accouhtsasional balance of the 2008 SNA. The
scope of SNA asset accounts and balance sheetsl@schll economic assets.

Mineral and energy resources are a critically intgatrinput to almost all types of economic
activity, and the value of these resources mayel®/ant to the measurement of a country’s
total wealth i.e. where wealth includes not onlymtam-made capital such as buildings,
machinery and transport equipment but also therabtasources of the country. When all
types of assets are measured in a common currenitit is possible to assess the extent to
which decreasing mineral and energy resources @uaterbalanced by increases in other
types of capital.

When a monetary value is assigned to the minerdl emergy resources of a country it
becomes possible to assess what kind of returmeiisgbachieved on these assets, and how
this return compares to those achieved for othpesyof assets being used within the
economy. These values may also serve to inforra npamber of flows related to the use of
mineral and energy resources for example rent paisrier the use of mineral and energy
resources and payments related to mineral and enmespurces use for protecting and/or
repairing the environment.

The production of monetary asset accounts for nainand energy resources allows the
development of estimates of the value of the dapledf these resources. These estimates
are vitally important because they allow the catioh of depletion-adjusted economic
aggregates such as depletion-adjusted value addedthE extractive industries and
depletion-adjusted gross domestic product (GDP)hesE measures provide a superior
indication of the sustainability of the use of mialeand energy resources because they treat
the depletion of mineral and energy resources@ssato the extractive industries and to the
economy. In contrast, the 2008 SNA treats thegisim (or consumption) of fixed capital as

a cost to industries but does not extend this tmeat to non-produced (natural) assets such
as mineral and energy resources.

Section 6.2 of this chapter describes those mirgrdlenergy resources considered to be in
scope of the SEEA-Energy monetary asset accousestion 6.3 describes the conceptual
form of the monetary asset account for mineral @mergy resources. Section 6.4 discusses
monetary valuation of mineral and energy resouredsle section 6.5provides a worked
example of the derivation of asset values and diepl@ising the NPV approach.

In addition to energy resources, monetary assebuats record inventories of energy
products, and these are described in section Bl measurement of energy resources in
volume terms is explained in section 6.7. Sec®d) describes the possible inclusion of
monetary asset accounts for other relevant assetseed by extractive industries, for
example, extractive equipment, gas pipelines armhsport equipment. Section 6.9
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6.2

6.7.

6.8.

6.9.

6.10.

6.11.

discusses monetary asset accounts for assetsdrelat¢he generation of energy from
renewable sources.

Scope of mineral and energy resources inputs monetary asset accounts

All known deposits of mineral and energy resouraespotential inclusions to the monetary
asset accounts. If market values for stocks ofensihand energy resources can be observed
and quantified, these observed values should be émethe accounts. However, in
practice, many deposits of mineral and energy nessuare seldom if ever exchanged on a
market and therefore, even if the resources havearket value, these cannot be observed.
Thus, under these circumstances a market valuatidthe mineral and energy resources
must be based on assumptions of what the marketpwwould have been, if the resources
were traded in a market.

An estimate of these market values can be baseth@rassumption that a market value
reflects the expected future income an investor ldvaerive from owning and using the
resource. This expected future income is deterchimeconsidering the quantities (number
of physical units) of the resources that will béragted in the future, and also the economic
surplus each physical unit brings to the owner extdactor.

It follows, that we can only expect that quantitefsmineral and energy resources have an
associated positive market value if there is aneetation that the resources will be
extracted and sold with a profit at some pointhe future. Where there is no expectation
that a resource will be extracted and sold the etavklue of this resource is assumed to be
zero.

As explained in Chapter 5, mineral and energy resssuare divided into three groups:

Class A Commercially Recoverable Resources includes resources for which extraction is
currently taking place or is underway or for whittte feasibility of extraction has been
demonstrated. Further, the extraction of the resmiin this class is expected to be
economically viable on the basis of current madaeiditions and on realistic assumptions for
future market conditions.

The second clasB Potential Commercial resources may also be extracted in future, but
since the feasibility of extraction is subject twther evaluation and since extraction and sale
has not yet been confirmed to be economic, the rimogy related to whether future
extraction will take place is quite high. Therefordis part of the resources is not
considered as assets having a positive market value

Since the uncertainty related to future extractidrenergy resources included @iass C
Non Commercial and Other Quantities in Place is even higher than for energy resources
included inClass B, these resources are not associated with any maakest.

By convention, the valuation of mineral and enengsources included irClass A
Commercially Recoverable Resources should be based on the best estimate of the dieanti
to be extracted.



6.12.

6.3

6.3.1
6.13.

6.14.

This approach to selecting resources for economatuation means that a quite
conservative valuation basis is used. Market alaee simply assumed to be zero if
specific projects have not confirmed that the reses will actually be extracted and thus
only those resources meeting the characteristic€laés A Commercially Recoverable
Resources may appear as mineral and energy resources withEPASEnergy monetary asset
accounts.

Conceptual form of the monetary asset accouand links to SNA

Conceptual form of the monetary asset account

The structure of the monetary asset account foreralnand energy resources is shown in
Table 6.1. All entries should be made in the samgency unit, and prices may be
expressed in either current prices or constanepricA monetary asset account as illustrated
in Table 6.1 may be set up for any individual maleand energy resource of interest (e.g.
for crude oil, natural gas, coal, etc.). If asaetounts have been set up for individual
resource, these may be added into an over-archomgetary asset account showing details
for the combined total of all resources.

Table 6.1 Conceptual form of the monetary asset acant for energy resources

Type of mineral and energy resou

(Class A: Commercially recoveral
resources)

(000's currency units

Opening value of stock of resources
Additions to value of stock
Discoveries
Upwards reappraisals
Reclassifications
Total additions to stock
Reductions in value of stock
Extractions
Catastrophic losses
Downwards reappraisals
Reclassifications
Total reductions in stock
Revaluations
Closing value of stock of resources

The definitions of the flows presented in the mamgtaccounts align exactly with the
corresponding physical flows. Thus, the monetargoant reflects a valuation of physical
flows as recorded in the physical asset accourte dnly additional flow recorded in the
monetary asset account compared to the physicat assount concerns revaluations, which
is related to the effect of price changes on thieeraf the existing stock and reflect the
nominal holding gains and losses.



6.15.

6.3.2
6.16.

6.17.

6.18.

6.19.
6.20.

Price changes will affect the value of the existsigck of mineral and energy resources.
But price changes also have the ability to afféwt proportion of the physical resource
considered to have an economic value. The lateerqaantity/volume effects arising from
changes in price - these are not accounted foroédinty gains and losses but instead as
reappraisals under increases in stocks (if pricesgip) or decreases in stock (if prices go
down).

The link to the 2008 SNA

The scope of SEEA-Energy monetary asset accourmtslen2008 SNA asset accounts for
mineral and energy resources are in principle #raes However, SEEA-Energy carefully
defines the scope of mineral and energy resourgesetincluded in the monetary asset
accounts by making reference to the UNFC-2009. Z0@8 SNA, without reference to any
specific classification system, simply states:

Mineral and energy resources consist of mineral emetgy reserves located on or below the
earth’s surface that are economically exploitapieen current technology and relative prices.
(2008 SNA, 10.179).

In the 2008 SNA, subsoil assets are defined astho®/en subsoil resources of coal, oil and
natural gas, of metallic minerals or of non-metaliminerals that are economically
exploitable, given current technology and relapiviees. (2008 SNA, 12.17)

Thus, the 2008 SNA makes reference botledanomically exploitable reserves in general
and toproven resources. Although these terms are not well-defined, thadition that the
resources should be economically exploitable gizement technology and relative prices,
indicates that the scope of the 2008 SNA assetwsdsdor mineral and energy resources is
the same as for SEEA-Energy, namely Clas€ofnmercially Recoverable Resources, and
that energy resources belonging to Class B andsGlagll outside the asset boundary of
the 2008 SNA.

The 2008 SNA general reference to reserves carsfuneed to relate to a broader estimate
of the quantities of energy resources that candbeted (G1+G2+G3, in Chapter 5), while

the specific reference to proven resources (resgriglates to the narrow estimate (G1
only). In contrast, SEEA-Energy recommends that test estimate (G1+G2) of the

commercial recoverable resources is used.

Table 6.2 summarises the scope of the asset acctarnhineral and energy resources.

For a discussion of the relationship between SE&&Baccount entries and 2008 SNA asset
account entries see SEEA Central Framework Se&ti®:3



Table 6.2 Scope of mineral and energy resources Wwih SEEA-Energy and SNA asset accounts

SEEA-Energy classification

SEEA-Energy asset accounts 2008 SNA asset accounts

Physical asset accounts Monetary asset accounts

A Commercial Energy

Quantities Market value assigned to théMarket value assigned, but son

Resources moderate  (best)  estimateambiguity about which estimat
(G1+G2) to use
B Potential Commercial Quantities Market value assumed to p®utside asset boundary
Energy Resources zero
C Non Commercial and Other| Quantities Market value assumed to b®utside asset boundary

Known Deposits

zero

Potential resources

Outside asset boundary

6.4

6.21.

6.22.

6.23.

6.24.

Valuation of stocks of mineral and energy resources

One general advantage of applying valuation to malh@nd energy resources is that
different resources can be compared using a commonéraire. Further, mineral and

energy resources can be compared with other agsedsder to assess relative returns,
national wealth and other similar types of analys&ince it is commonly the case that
governments have a high degree of ownership ouénfte over the extraction of mineral

and energy resources, valuation of resources inetaoy terms may be a useful approach to
assessing future streams of income for governniengxample in the estimation of future

government revenue from the extraction of oil aatunal gas.

It is also the case that in business accounts,rgdes involved in extraction make

assessments in terms of their future income stremmdst is useful to be able to place these
individual enterprise based valuations into a bevadational perspective. There is also
increasing use of market based mechanisms, suduetsis, to allocate access rights to
environmental assets. These mechanisms may reiadetly to aggregate valuations for

mineral and energy resources.

Since many mineral and energy resources are nehpsed in a market place and have not
been produced in a manner like buildings and eqaigmthere is generally no observable

prices for the value of the opening and closingclstof these assets, or for the flows

between opening and closing stock positions.

Where market prices do not exist, the estimatiommgroximate values requires the use of
assumptions and models. Overall, these models lpaseed to be sound tools to the
development of meaningful valuations for producessess. Nevertheless, there are
complexities in the application of these modelsthie valuation of mineral and energy
resources that compilers and users should be awnfateefore applying the models in

practice.



6.25.

6.5

6.5.1

6.26.

6.5.2

6.27.

In SEEA-Energy as well as in SEEA Central Framewdhe Net Present Value (NPV)
approach is recommended for estimating asset valibe NPV approach provides
reasonable proxies for observable market priceslbas not take into account the full range
of benefits (and costs) that might be considerdévemt. Using the NPV approach
generally requires the following: measurement af tleturns on the environmental asset
(resource rent); estimate of the extraction proditel future resource rents; and selection of
rate of return and discount rate to be used iretienate of the asset value. For more details
on the general NPV approach including potentialsuged limitations see SEEA Central
Framework Chapter 5. In the section below an ermoglirexample of the NPV approach is
shown.

An empirical example of the NPV approach
Introduction

This section provides practical guidance on theraipen of the NPV approach. The value
of an mineral and energy resource can be estimasgdy the NPV approach by working
through the steps described below.

Variable estimates

In SEEA-Energy resource rent provides a gross nreasfithe return on environmental
assets. There are a number of methods to estirespeirce rent the most common of which
is the residual value method. Under this methoduese rent is estimated by deducting user
costs of produced assets from gross operating wrglter adjustments for any specific
taxes and subsidies. As shown in table 6.3, tts¢ $tep in estimating resource rent requires
estimates of gross operating surplus (GOS), spesifbsidies and taxes on extraction and
the user cost of produced assets for the extracotvity. Such estimates are generally
based on data from the national accounts.

Table 6.3 Relationship between operating surplus @hresource rent
Output (sales of extracted environmental assets at basiesp includes all subsidies on products,
excludes taxes on products)
Less Operating costs
Intermediate consumption (input costs of goodssemdices at purchasers’ prices, including
Compensation of employees (input costs for labour)
Other taxes on production plus Other subsidiesrodyztion
Equals Gross Operating Surplus — SNA basis*
Less Specific subsidies on extraction
Plus Specific taxes on extraction
Equals Gross Operating Surplus — for the derivation of resurce rent
Less User costs of produced assets
Consumption of fixed capital (depreciation) + Ratto produced assets
Equals Resource rent
Depletion + Net return to environmental assets**

*Strictly this accounting identity also includes GsoMixed Income (the surplus earned by unincorgaranterprises)
and should be adjusted for net taxes and subsidiggroduction. These details do not affect thedagfi the explanation

here.



** |n principle the return to energy resources gled here also incorporates a return to other nalred assets (e.g.
marketing assets and brands) as these assetslaysa le in generating the operating surplus.sehesturns are ignored
in the formulation described here.

6.28.

6.29.

6.30.

6.31.

6.32.

6.33.

6.34.

6.35.

6.36.

As defined in Table 6.3, GOS is equal to outpus legerating costs. Operating costs include
intermediate consumption, compensation of emplayaed other taxes and subsidies on
production. User cost of produced assets is the sumonsumption of fixed capital and
return to produced assets.

Output is the value of the extracted mineral and enermggources above ground at the
wellhead or mine. The output is measured at bpsices, i.e. excluding all taxes and
subsidies on products and trade and transport msrgiated to transport and delivery from
the wellhead or mine to the buyer.

Intermediate consumption is the value of products used by the extractiodugtry. The
intermediate consumption is valued at purchaseisép i.e. including trade margins and all
taxes and subsidies on products. It excludes fesskts whose consumption is recorded as
consumption of fixed capital.

Compensation of employees is the total remuneration payable by an entergasemployees.
For self-employed persons in the extraction indystn estimate of the value of their labour
services should be added to the compensation ofosexs.

Other taxes on production consist mainly of taxes on the ownership or uskod, buildings
or other assets used in production or on the labayloyed, or compensation of employees
paid.

Other subsidies on production consist of subsidies on goods or services produasethe
outputs of resident enterprises, or on importst thecome payable as a result of the
production, sale, transfer, leasing or deliverytlidse goods or services, or as a result of
their use for own-consumption or own capital forimat

Specific taxes and subsidies on extraction are instruments which the government uses to
partly appropriate or subsidise, respectively,dperations of the extractive industry. Since
intermediate consumption at purchasers’ pricesushes all taxes and subsidies on products,
the resource rent is being affected by #hecific taxes and subsidies on extraction when
intermediate consumption is subtracted from thewatut Therefore, it is necessary to add
them back to the resource rent in order not totheim influence the estimation of the
resource rent.

Consumption of fixed capital is the decline in the current value of the stocKixéd capital
used in production, including mineral exploratiardaevaluation activities. Consumption of
fixed capital related to any terminal costs shcagdncluded.

Return to the produced assets is that part of the operating surplus, which caratiebuted to
the use of the produced assets in the processtiafoting the energy.

10



6.5.3 Resource rent estimate

6.37.

6.38.

6.39.

6.40.

6.5.4

6.41.

Theresource rent is that part of an extractor’'s operating surplust thepresents a return on
the mineral and energy resource. In practiceréseurce rent is calculated by subtracting
all extraction costs from the total output of prothy i.e. the extracted mineral and energy
resources. The extraction costs should includermédiate consumption, compensation of
employees and the costs of using fixed capital sashplatforms, buildings and other
extractive equipment.

The value of output (or operating surplus) and mastt information for the extraction
industry can be obtained from the national accauri@are must be taken to ensure that the
national accounts data for the extraction industoges not include secondary activities,
which have no direct reference to extraction atiigiitself.

Table 6.4 presents an actual calculation of resouent and per unit resource rent.

Table 6.4 Resource rent calculation

Extraction of energy resources
currency units

Output 60 744
Operating costs f 7 289
Intermediate consumption 6 487
Compensation of employees 802

Other taxes and subsidies on production 17

Gross Operating Surplus 53 455
Specific taxes and subsidies - 100
Consumption of fixed capital 5084
Return to produced assets 5519

Resource rent 42 957

Quantities of resource extacted, milio® 20

Per unit resource rent(currency units per milion ?1)1 2 149

Quantity of resources extracted is the amount of resources extracted in the ctiryear in
focus. The total resource rent for the same ygalivided by this quantity in order to get
the per unit resource rent, i.e. the price of themmercial mineral and energy resources in
ground.

Future extraction profile

Future extraction profile is an estimate of futuesluctions in stock due to the physical

removal of a given mineral and energy resource ufjhoa process of productions. If

extraction profiles are available from experts, rggeagencies, geological institutes, etc.

these profiles should be used. Care should bentakensure that the extraction profile is

consistent with the best estimate of the commerei@verable resources. Thus, the sum of
future year’s extraction should be no greater ® é¢istimate of the quantity of Class A as
described in the physical asset account in chdpter

11



6.42.

6.43.

If no information on the expected resource extmactrofile is available, a profile may be
constructed by assuming that the extraction wilhtooe at the current level until the
resource is exhausted or extraction stops whichexaurs first. Alternatively, the
extraction may be assumed to be constant untilr@ioepoint and linearly decreasing after
that point and until all Class A mineral and energyources are extracted.

Figure 6.1 illustrates two examples of such extomcprofiles. In both cases the area under
the curves i.e. the total amount of the mineral @mérgy resources extracted, should
correspond to the physical opening stock of Class fresented in Table 5.3.

Figure 6.1 Future extraction profiles for an energyresource

60

50 4

40 -

30 -

Million m3

20 1

10 ~

0

o RS o
3 \x\?’\x\, S AN

Future years (t, t+1, t+2, ...)

Specific extraction profile ------- Constant extraction profile

6.5.5 Estimated future resource rent

6.44.

6.45.

6.46.

In order to calculate the future income associatgth future physical extraction, the
expected future per unit resource rent must berohéted. Making a forecast of the future
resource rent requires assumptions about the dewsot of prices, extraction costs and the
level of extraction. For accounting purposes itadvisable to use relatively simple and
transparent assumptions.

The simplest assumption is that the per unit resmuent will be the same in constant price
terms in all future years. The starting pointhie tinit resource rent for the most recent year
available, calculated according to the principlesaibed above.

Similarly to the extraction profile, assumptionsedgo be made on the evolution of the per
unit resource rent. One approach is to assumetltleaper unit resource remt, evolves in

line with an expected general rate of inflation.

My =TI [(1+10t+i )i

where g,,; is the expected general inflation rate in year

12



6.47.

6.5.6
6.48.

6.49.

6.50.

6.51.

In this example the per unit resource rent is 2148 while the expected general inflation

rate p,,; is 3% for all t+i.

NPV asset values

Once the yearly unit resource rents have been ledér) they must be discounted back to
the reference year because a given amount of inceneved next year is considered to be
worth less than the same amount received this wear,the difference in value is reflected

by the discount rate. A discount rate at, for eglEm6 per cent means that $106 next year
corresponds to $100 this year.

Having discounted future resource rents, they spntoua total net present value of future
extraction, which then is assumed to correspondh® value of the total quantity of
economic energy resources in situ.

Assuming that the income from the extraction fallshe beginning of the year, the value of
the opening stock in year t can be calculated as:
N
V. = N MMy - (rr )+ (rrt+1et+1)+ (rrt+2et+2)+ + (rrt+net+n)
t r t& 1 2 n
= [Ln) @) (L) L+r)

If, more realistically, we assume that the incomaigiven year is spread over the year and
we assume that on average all the income falleénniddle of the year, each of the yearly
incomes have to be discounted half a year in amlditd the discounting already done. The
formula for calculating the opening stock in ye#s then:

vo= 1 me) (muen), (Moews), |, (M)
t @)

1+r)> @er) Qe @)

This can also be written

t+n

Vopening rr.
t (1+r) 052 e' (1+r)

Where

V, is the value of the resource at the beginningesiqul t.
rr, is the unit resource rent at period i as expeatatie beginning of period t.

e is the physical extraction of the resource takphgre during period i as expected
at the beginning of period t.

r is the discount rate.

n is the number of periods in which extraction takace.

13



6.52.

6.53.

Table 6.5 presents calculations of the value ofasset of the mineral and energy resources
as the sum of present values of future resourctsreifhe table includes two alternative
calculations, one using a specific extraction peofand one using a constant extraction
profile (as described in Figure 6.1). In both cagbe per unit resource rent from Table 6.4
and a discount rate at 6 per cent per year is ufted.assumed that on average the resource
rent falls in the middle of the year, and all res®urent is discounted back to the beginning
of year t (following the formula given above).

In the fictitious case presented in Table 6.5 a emhat lower opening stock value is
estimated when the constant extraction profile $&ducompared to when the specific
extraction profile is used. In the latter caseatigkly larger quantities of resources are
extracted in the first years, and since the cowrdmg resource rents are discounted less
than resource rents which fall in later years ahbigtotal present value of resource rents is
obtained. The example demonstrates the importahcarefully determining the extraction
profile used for the estimation, since realisti¢ragtion profiles increase the accuracy and
reliability of the estimates of resource values.

14



Table 6.5 Calculation of the asset value

Specific extraction profile

Constant extraction profile

1. Specific 2. Per unit 3.Un- 4. Discount | 5. Present 1. Specific 2. Per unit 3.Un- 4. Discount | 5. Present
extraction | resource rent | discounted |factor (6 per| value of extraction | resource rent | discounted | factor (4 value of
profile resource cent per ressource profile resource |per cent per| ressource
rent (=1*2) year) rent (=3*4) rent (=1*2) year) rent (=3*4)
Currency units/| Currency Currency Currency units/ | Currency Currency
Year| Million m3 Million m3 units units Million m3 Million m3 units units
t 37 2148 79 007 0.97 76 738 28 2148 59 255 0.97 57 554
t+1 37 2212 81377F 0.92 74 566 28 2212 610337 0.92 55 925
t+2 41 2279 94296 F 0.86 81513 28 2279 628647 0.86 54 342
t+3 41 2347 97 125F 0.82 79 206 28 2347 647507 0.82 52 804
t+4 41 2418 1000387 0.77 76 964 28 2418 666927 0.77 51 310
t+5 41 2490 103039F 0.73 74 786 28 2490 686937 0.73 49 857
t+6 46 2565 117 9237 0.68 80 744 28 2565 707547 0.68 48 446
t+7 46 2642 1214617 0.65 78 459 28 2642 72876F 0.65 47 075
t+8 51 2721 1376157 0.61 83 862 28 2721 750637 0.61 45 743
t+9 51 2803 141 7437 0.57 81 489 28 2803 773157 0.57 44 448
t+10 51 2887 1459967 0.54 79182 28 2887 796347 0.54 43 190
t+11 41 2973 123035"7 0.51 62 952 28 2973 820237 0.51 41 968
t+12 37 3063 1126457 0.48 54 374 28 3063 844847 0.48 40 780
t+13 32 3154 101521F 0.46 46 230 28 3154 870187 0.46 39 626
t+14 28 3249 89629F 0.43 38 505 28 3249 896297 0.43 38 505
t+15 28 3347 923187 0.41 37 415 28 3347 92 3187 0.41 37 415
t+16 28 3447 95087 " 0.38 36 356 28 3447 95087 F 0.38 36 356
t+17 23 3550 816167 0.36 29 439 28 3550 979407 0.36 35327
t+18 23 3657 840657 0.34 28 606 28 3657 1008787 0.34 34 327
t+19 18 3767 69270F 0.32 22 237 28 3767 103904 F 0.32 33 356
t+20 14 3880 53511F 0.30 16 206 28 3880 107 0217 0.30 32412
t+21 9 3996 367447 0.29 10 498 28 3996 110 232F 0.29 31494
t+22 9 4116 378467 0.27 10 201 28 4116 113539F 0.27 30 603
t+23 9 4239 38982F 0.25 9912 28 4239 116 9457 0.25 29 737
t+24 9 4 366 401517 0.24 9632 28 4 366 120 4547 0.24 28 895
t+25 9 4 497 413567 0.23 9359 28 4497 1240677 0.23 28 077
t+26 28 4632 127 789F 0.21 27 283
t+27 28 4771 1316237 0.20 26 511
t+28 28 4914 135572F 0.19 25760
Total quantity extracted 800 800
Total undiscounted value 2317 395 2679 451
Total discounted value
of economic energy
ressource (opening
stock year t) 1289 432 1149 127
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6.6 Monetary asset accounts for inventories of engy products

6.54. Monetary asset accounts related to inventorieswefgy products closely follow the form of
the physical accounts for inventories of energydpiais as described in chapter 5. All items

included in SEEA-Energy monetary asset accountsnfegntories are included in the 2008
SNA.

6.55. Monetary asset accounts for inventories for engng@ducts show for each type of energy
product the values of opening and closing stoclcs arious categories of change between
these opening and closing stock positions. TalBd®Han example of such a monetary asset
account for inventories of energy products.

Table 6.6 Monetary asset account for inventories afnergy products

Coal Peat and pei Oil shale/ oil Natural gas Qil Biofuels Waste Nuclear al
products sand others

Opening level of inventories 760 5319 15189
Changes due to transactions

Changes in level of inventories -254 138 2279
Other changes

Catastrophic losses

Uncompensated seizures

Changes in classification

Other changes in inventories n.e.c. 22 207 -430

Revaluation 17 516
Closing level of inventories 545 5664 17554

6.56. The various accounting items are explained beloMevertheless, in most cases, it is

sufficient to record only the opening and closiegdl of inventories and the changes in
inventories.

Opening level of inventories: The value of the inventories at the beginninghef year. It is
equal to the value of the closing stock of the pres year.

Changes due to transactions

Changesin level inventories: Measures the value of the entries of energy prizdinto
inventories &dditions) less the value ofvithdrawals and less the value of any
recurrent losses of energy products held in inventories during éltceounting period.
(2008 SNA, 10.118). Recurrent losses include ®dbat normally take place and
should be expecte€hangesin inventories are also recorded in the monetary supply
and use tables of SEEA-Energy.

Other changes in the volume

Catastrophic losses and uncompensated seizures. This item records the effects on the
value of inventories from earthquakes, volcanicpéinns, tidal waves, hurricanes,
droughts, floods and other natural disasters as agelvars. Conflagration of oil in

pipelines falls under this category. Uncompensatgidures rarely occur but would
be recorded here.



Changesin classifications involve no change in the value of the total inweigs as
such but instead relate mainly to the change afiaftom one institutional sector to
another (e.g. the owner of the inventories movemfthe household sector to the
non-financial corporations sector). It is onlyeehnt if the asset account is set up
for institutional units, and not if the accountg aet up only for the total economy.
Also changes from work-in-progress to finished gygsroducts would be recorded
here if such a distinction between inventories riducts is made in the accounts.

Other changes in inventories n.e.c. If the assumption about the value of normal
shrinkage/recurrent losses of inventories is rev{see changes in inventories above)
this should be done as other changes in invent(2@®3 SNA, 12.50).

Revaluation is an item specific to the monetary asset accoant no equivalent is
found in the physical assets accounts for inveasorilt reflects the effect of price
changes on the value of the inventories duringpiréod.

Closing level of inventoriesThe value of the inventories at the end of the.yiéahould be equal
to the value of the opening stock of the subseqyeai.

6.7 Measurement of energy resources in volume terms

6.57. Volume measures of assets are not measures ofigesibut rather are estimates of changes
in the value of assets after removing the effeétprice change. Thus, volume measures
comprise changes due to changes in quantities lzawges in quality.

6.58. VWolume measures of mineral and energy resourceshmayompiled to assist in the analysis
of the changes in mineral andenergy resources tiner. Removing the effect of price
change may be undertaken for two main purposesst, Ehe effect of price change may be
removed to provide an indicator of the purchasiogvgr of mineral and energy resources,
i.e. an estimate of the capacity of a set of resemito be used to acquire a given set of
goods and services. Second, the effect of priemgé may be removed to assess whether
there has been a change in the underlying aggredgtsical stock of a number of mineral
energy resources. Both of these rationales mayinijgortant considerations when
undertaking an aggregate analysis of the wealth obuntry and considering the relative
importance of mineral and energy resources comp@redher economic and social assets.
Approaches to calculating volume measures are ptedein SEEA Central Framework
Section 5.4.6.

6.8 Monetary accounts for other assets used by eattive industries
6.8.1 Other assets potentially used by extractivadustries

6.59. In addition to the asset accounts for mineral amergy resources it may be useful to record
asset accounts for other assets owned and useldebgxtraction industry for exploration,
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6.60.

6.61.

1)

evaluation and exploitation of mineral and energsources. Equipment used for
transportation of the energy products e.g. pipslimansporting the oil from the wellhead to
the point of processing or sale at land should dlsoincluded if it is owned by the
extraction industry.

Information on the assets used for the extractiod &andling of the energy can be
analytically useful in its own right but the infoation is required for the calculation of both
the consumption of fixed capital and the returrfixed capital, which are part of the total
extraction costs, and thus needed for the calanadf resource rent.

Asset accounts for these types of assets are iedlunl the accounts of the 2008 SNA,

though the required detail may not be explicithentified in standard national accounts

outputs. In principle all types of fixed assetsl amon-produced non-financial assets (except
the mineral and energy resources) listed by thé82Z9RA could be used by the mining and

quarrying industry, but in practice fixed asseteliAN113 Machinery and equipment and

AN1172 Mineral exploration and evaluation activitiare often the most important. Table

6.7 lists some of the more important assets thatpretentially be used by the extractive

industries.

Table 6.7 Other assefs potentially used by extractive industries

AN1 Produced non-financial assets
AN11 Fixed assets
AN111 Dwellings
AN112 Other buildings and structures
AN113 Machinery and equipment
AN114 Weapons systems
AN115 Cultivated biological resources
AN116 Costs of ownership transfer on non-produced assets
AN117 Intellectual property products
Of which AN1172 Mineral exploration and evaluation
AN2 Non-produced non-financial assets
AN21 Natural resources
AN211 Land
AN213 Non-cultivated biological resources
AN214 Water resources
AN215 Other natural resources
AN22 Contracts, leases and licences
AN221 Marketable operating leases
AN222 Permissions to use natural resources
AN223 Permissions to undertake specific activities
AN224 Entitlement to future goods and services on an exclusive basis
AN23 Purchases less sales of goodwill and  marketing assets

Included are fixed assets and non-produced nomdimhassets other than AN212 Mineral and energy.ihcluded are AN12

Inventories and AN13 Valuables.
Source: 2008 SNA Annex 1 section B.4.

6.62.

Table 6.8 shows a sample asset account for otteatsasised by the extraction industries
presented in short form. Gross fixed capital s @loquision less disposal of produced assets
for purposes of fixed capital formation. Consumptiaf fixed capital is the decline in the
current vale of the stock of fixed assts owned aseld by a producer as a result of normal
production activities. Non-produced assets aretaghat have come into existence in ways
other than through processes of production. Otianges in the volume of assé an
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aggregate. It includes the various items belongmthe 2008 SNA Other Changes in the
volume of assets account, for instance, econompeagnce and disappearance of assets
and catastrophic losses (see 2008 SNA, Annex 2).

Table 6.8 2008 SNA asset account for other asséwned by the mining and quarrying

industry
Total AN11 Fixed  Of which: AN2 Non- Of which:
assets AN1172 Terminal ~ Produced non- AN22 Contracts,
Mineral costs (part of flnancuil) assets  |eases and
exploration AN116) licenses
and
evaluation
Currency unit
Opening stock 68 987 54 967 43 900 14 020 14 020
Total changes in assets 11 514 11514 4008
Of which
Gross fixed capital formation (P51g) 5399 5399 3027
Consumption of fixed capital (P51c) -1 117 -1117 - 875
Acquisitions less disposals of non-produced assets (NP) 300 300 413
Other changes in the volume of assets
Revaluation
Closing stock 85083 71063 50 473 14 020 14 020

1) Excludes commercial energy resources

6.7.2
6.63.

6.64.

6.65.

Mineral exploration and evaluation

Mineral exploration and evaluation consists of #adue of expenditures on exploration for
mineral and energy resources and subsequent enmluaf the discoveries made.
Exploration and evaluation activities include (200i§A, 10.106) activities such as:

. Pre-licence costs

. Licence and acquisition costs

. Appraisal costs and the costs of actual test dgllnd boring

. Costs of aerial and other surveys

. Transportation costs, etc., incurred to make itsgms to carry out the tests

Exploration and evaluation activities may be unaleeh on own account by enterprises
engaged in the extraction of mineral and energyuees. Alternatively, specialized
enterprises may carry out exploration and evalwmatamd sell the information to the
extracting enterprises. The information obtainexif exploration influences the production
activities of those who obtain it over a numberyefars. The expenditures incurred on
exploration within a given accounting period, whatlundertaken on own account or not,
are therefore treated as expenditures on the atqui®f an intellectual property product
and included in the enterprise’'s gross fixed capamation (2008 SNA, 10.107). The
values are included in the asset accounts as #&ispgeam, AN1172.

The value of the exploration and evaluation asssefis not measured by the value of new
deposits discovered by the exploration but by tldue of the resources allocated to
exploration during the accounting period. When dhgvities are carried out by contractors
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6.9

6.66.

6.67.

6.68.

6.69.

6.70.

6.71.

the prices charged by these contractors, inclutlegy operating surplus, forms part of the
value of the expenditures incurred (2008 SNA, 18)10

Monetary asset accounts for assets related tbet generation of energy from renewable
sources

Energy from renewable sources has been an impaostantce of energy in many countries
and increasingly is being seen as an alternativecgoof energy for those countries that
have primarily used energy from non-renewable sesircEnergy from renewable sources
can be produced in various ways, including but limited to wind energy, hydropower
energy (including run of river resources), solarergly, biomass including wood, and
geothermal energy.

Inputs of energy from renewable sources cannotx¥b@uwested in a manner akin to mineral
and energy resources and neither are they regedeaatis the case with timber resources or
cultivated biomass. Thus in an accounting senseetl®eno physical stock of these other
renewable energy sources that can be used upar sol

Therefore, the measurement scope of SEEA-Energglation to these resources relates to
the amount of energy that is produced given curtemtls of fixed assets and associated
technology. Excluded from scope are potential am®wf energy that could be produced
using available renewable energy sources if investnand technology were to increase in
the future.

The presence of investments in renewable energyumpacilities and equipment impacts
on the value of the land associated with thoselifes. For example, other things being
equal, the land in a particularly windy area woh&lpriced more highly than similar land in

a non-windy area if investment was made to constuilcdmills to capture the energy from

the wind resource. Thus, opportunities to earouese rent based on resources like wind,
solar radiation and geothermal energy are expectdx reflected in the price of associated
land.

In situations where the only income generated ftbenrelevant land is from the generation
of energy from renewable sources, the value oflahd will, in theory, be equal to the net
present value of the future income stream. Howeités, also possible that other income is
earned from the same area — for example agriculnag take place under wind farms. In
these cases the valuation of the land must als® itk account the income generated from
these other activities. Nonetheless, where possitiie value of the land should be
partitioned to provide an estimate of the valuetted land that is attributable to income
arising from the generation of energy from renewaddurces.

Special mention must be made concerning the vauoabf future income streams from
hydropower. In this case it is more relevant tosider the income stream in relation to a
stock of water rather than to an area of land. Thuthe case of hydropower, it is the value
of the water resource that should be partitionegrvide an estimate of the value of the
water resource that is attributable to income aggrom the generation of renewable energy
from hydropower.
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It is recognised that some investments in the capbdfi energy from renewable sources take
place offshore (e.g. wind farms in the sea). Byvamtion, the value of income streams from
these sources are attributed to the value of lanergvithe wind farm is located.

Generally, since the renewable sources themseheesa sold on markets, it is necessary to
use NPV approaches for valuation purposes. In dakieg such valuations all costs should
be deducted including the costs of fixed assetd uséhe capture of energy.

These accounting treatments do not apply in the cdsenergy sourced from timber and
other biomass resources. Unlike the renewable ssuof energy listed above, a stock of
timber resources can be observed and measurednbept the volume and value of timber
resources encompasses all possible uses of thertimtduding its use as an energy source.

The various asset values related to the generafi@mergy may be combined to provide an
overall value of environmental assets associated giergy production. Such an aggregate
may include values of energy resources (e.g. coil, natural gas), the value of land
attributable to renewable sources of energy (e.igdwsolar, geothermal), the value of
timber resources used for energy, and the valweabér resources used for hydropower.

Monetary asset accounts for assets related to the generation of energy from renewable
sources

Monetary asset accounts for assets related to #mergtion of energy from renewable
sources differ from other asset accounts in thatntlonetary value of the asset is associated
with either the land in which the energy produciagset is located or the water used to
generate the energy. The starting point of thetasssount then is the value of the land or
water. Table 6.9 presents the monetary asset atéounssets related to the generation of
energy from renewable energy sources.

For solar, wind, geothermal and wave and tidal,nifg overall asset value corresponds to
the overall value of the land in which the assdbéated at the beginning of the accounting
period. Contributing the value of the land areumnber of assets including the renewable
energy source. For example the value of the land/hich a wind farm is based includes
also the value of the soil. By convention for hydtioe overall asset value is assigned to
water.

Opening asset value attributable to renewable gnerghe contribution to the opening
overall asset value by the renewable energy solmcewost cases a majority of the opening
overall asset value can be attributed to the rebtavanergy source. The NVP approach can
effectively be used to estimate the future incotneasn from the sale of energy from any of
the renewable sources.

Additions include the following:

i. Additions due to capital expenditures in new essdiphents. Similar to discoveries for
energy resources, this category includes any damgixgenditures made in new
establishments that capture energy from renewallecss. It includes any new wind
farms, solar panel establishments or new dams rarist to capture hydropower. For
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geothermal, this category also includes any newadigries of energy sources. Only
contributions from establishments that were nobperation at the beginning of the
accounting period should be included

ii. Additions due to capital expenditures in currerttbshments. Increases in asset value
due to increased production in current establishimdne to investments in improved
technology are recorded here. Also if there igpansion in the establishment, such
as more wind turbines, it should be recorded hé@mely establishments that were
already included at the beginning of the accounfiegiod should be included. Note
that increases due to improved technology coulddoerded separately from increase
due to expansion if deemed important.

iii. Upward reappraisals. This category includes in@gdas value due to changes in the
pattern of the renewable energy source that lealigher energy production. For
example if there is an expectation that there tdélhigher precipitation which would
lead to higher hydro energy production, it shoutdrécorded here.

Table 6.9 Monetary asset account for assets relateéd the generation of energy from renewable
sources

Solar Hydro Wind Geothermal Wave and tidal
Opening overall asset value
Opeining asset value attributable to renewable energy source
Additions
Additions due to capital expenditures on new establishments
Additions due to capital expenditures on current establishments
Upward reappraisals
Reductions
Catastrophiclosses
Downward reappraisals
Revaluation
Closing asset value attributable to renewable energy source

6.80. Reductions include the following:

i. Catastrophic loses. These are reduction in assgsta catastrophic or exceptional
events. Examples include wind farms being desttdyehurricanes.

ii. Downward reappraisals. This category includes es#s in value due to changes in
the pattern of the renewable energy source thdtt@éower energy production.

iii. Revaluations relate to changes in the value ofadset solely due to changes in price.
Revaluations should also incorporate changes irvéie of environmental assets due
to changes in the assumptions made in the valuagmoaches that are often used to
estimate the value of the renewable energy sourqegrticular the NPV approach.

6.81. Caution should be exercised when determining upwandl downward reappraisal.
Whenever available, long term weather predictiomsnf official sources should be taken
into account. Furthermore, if the prior accountipgriod was an outlier with respect to
certain weather variables that impact energy pridodrom renewable sources, it should
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be properly adjusted when used in NPV calculatidmheving averages as well as regression
models can be used to better predict future enprggtuction from renewable sources.
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7.4.

7.5.

7.6.

7 Uses of Energy Accounts

Introduction

Energy accounts developed using the ideas and mhethi@sented in the prior chapters can
be used in a variety of manners to effectively pnésand summarize the collected data
revealing linkages between different variablestegnation of energy accounts with other
sources of information is important and can provigteater insights for policy makers,

researchers, and other users of the energy accounts

This chapter showcases potential uses of the ersrgyunts, giving a number of examples
as to what can be accomplished through their ube. fone and style of the chapter is
different from the previous chapters in that itdees on presenting the information in the
energy counts in a concise, easily accessible fofmsually graphical) and on providing a
number of descriptive statistics, aggregators amlicators. The dataset used in the analysis
is the same as the one used throughout SEEA-Enkrigynot the purpose of the chapter to
give an exhaustive presentation of all possibles el applications of the energy accounts.
Furthermore the conclusions drawn from the analgsés relevant only for the data being
analyzed and should not be generalized.

Following the general structure of the “Energy bators for Sustainable Development:
Guidelines and Methodologies”, energy indicators ¢e grouped along 3 dimensions:
social, economic and environmental. The socialedision includes a number of important
indicators related to energy access such as shiateouseholds without electricity or
commercial energy, and share of income spend drafukelectricity.

SEEA-Energy can inform a number of important eleteghat are necessary to properly
understand the policy implications of such socialicators. For example energy accounts
contain a wealth of information on the efficiendypsoduction and consumption of energy,
capital investments by industry (in particular theergy sector) and stocks, flows and
depletion of natural energy resources such asamhbas.

All these seemingly unrelated pieces of informatiomce combined can provide
unparalleled, powerful and coherent insights inbb only the current state of energy access
but also into how to best structure policy for mmtsand future generations. The advantage
of using the details in the SEEA-Energy accountghigt users not only get a better
understanding of the current state but also thesssry information as to how and why a
given aggregate or indicator is at a particulaelev

All 16 indicators in the economic dimension in thenergy Indicators for Sustainable
Development: Guidelines and Methodologies” direatlye information contained in the
energy accounts. Combining the information in thecoaints with supplementary
demographic and economic information would makgossible to calculate energy use per
capita or per unit of GDP for example. A major sgth of the SEEA-Energy accounts lies



7.7.

7.8.

7.9.

7.10.

7.11.

7.2

7.12.

in the intuitive presentation of energy use by @coit sector which plays a significant role
in a number efficiency and intensity related indloca.

On the environmental dimension, the energy accoagtsn play a key role in filling the
information gaps required not only for the deriwatiof the indicators but also by providing
necessary background and contextual informatioar dxample, energy accounts not only
provide information on emissions by energy produat also by industries using the ISIC
classification. Such information allows for a ma@mplete understanding of emissions not
only by energy source but also by industry. It sarpp the formulation of strategies and
policies that target emitters and does so in atvayaddresses the larger emitters.

Many types of analysis of energy issues, includimgestablishment of indicator system, are
generally based on energy statistics and ener@nbak due to tradition and the widespread
availability of these types of statistics.

Often, the same or similar kind of analysis cancheied out on the basis of information

from multiple sources. In many cases, it does natten whether the starting point is the

energy statistics, the balances or the accounise ghe basic information and the concepts
are the same. In other cases, each of thesetistisystems has their advantages and
disadvantages depending on the purpose of the sisalor instance, energy statistics and
balances are often more appropriate to use wheaniies to analysis focusing on specific

energy technologies. Energy accounts on the othed hare a better information system

when it comes to comparing the physical data witbrimation on the economic activities or

to show specific monetary information related termgy issues.

It should be noted that all the examples preseatedoreceded by background information
on the purpose and detailed explanations of whgteggators are being used. Appropriate
conclusions are made after each example with engplaced on what are the general
implications of the analysis. Often this is follodvddy a short discussion of potential
indicators that directly follow.

This chapter is structured as follows. SectionrBspnts information on energy supply and
use. The main focus is the energy sector alony ihumber of immediate extensions and
applications that rely and build upon the supplyd arse data. This is followed by a

discussion of the relationship between the eneegyos and the economy at large in Section
C. Section D analyses the relationship betweenetiergy sector and particular sectors of
the economy. The last section looks at some ofitfy@acts of the energy sector on the
environment.

Energy supply and use

A natural initial step in the analysis of the eneggctor is to consider energy supply and
use. Having a good understanding of supply andsisecessary in order to better manage
energy resources as well as plan for the futurethEunore, such information is crucial to
deriving a number of indicators. For example, augtimg this data with data on population
leads to the important indicator of energy useqagita.



7.5.1 Overall supply and use of energy

7.13.

7.14.

7.15.

The total quantity of energy supply in a countryidg a year is the sum of the production
of primary energy and imports of energy producteaBuring the supply in this way avoids
problems of double counting, which occur when, if@tance, both the production of crude
oil and the production of refined oil products areluded. Figure 0.1shows the total
primary supply of energy.

Figure 0.1 Total primary supply and imports of enegy
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A number of immediate conclusions can be drawn ftbenfigure above. Energy supply has
steadily increased over the years, with the exoeptif 2009. Extraction of fossil fuels
(crude oil and gas) has level off /decreased okerlast 5 years of available data, while
energy supplied from renewable sources has incded3eer half of the energy supply in
2009 came from imports.

Next we consider how the supplied energy is useduré 0.2 shows how much of the
energy supplied is exported, and how much is ugedboliseholds and industries. Household
use has stayed roughly constant during the two discavhile exports have more than
doubled during the same period. Industry use argy has generally increased as well
though not at the same pace as exports. It shauldobed that conversion and distribution
losses have been allocated to the users of enemgyding to their end use.



Figure 0.2 End use of energy including losses
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7.5.2 Degree of energy self-sufficiency

7.16. An immediate indicator that can be derived using dlata inFigure 0.1landFigure 0.2is
the ratio of energy imports to primary energy syppValues greater than 100% indicate
self-sufficiency while values lower that 100% inglie dependence on foreign sources of
energy.Figure 0-3shows that the degree of self-sufficiency incrdafsem less than 50%
at the beginning of the period to more than 100%hi middle of the period. After some
years of full self-sufficiency the reliance on inrpohas again increased in recent year. This
development has a close connection with the pattérextraction of energy resources
presented above.

Figure 0-3 Degree of energy self-sufficiency
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7.5.3 Use of energy and expenditures by industries and beeholds

7.17. Figure 0.landFigure 0.2above provide a broad, aggregated view of eneogyply and
use. Often though, a further breakdown of the dataequired to answer more specific
qguestions. For instance, what energy products ameghused by households and industries
and at what costigure 0-4andFigure O-5provide the answers to these questions for
2006.

Figure 0-4 Physical use of energy by industries anabuseholds, 2006
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Figure 0-5 Expenditures for energy by industries ad households, 2006
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7.18. A myriad of policy relevant conclusions can be et by looking at graphs above and the
underlying data. Manufacturing and transportatiely heavily on oil as their main energy
resource. Oil is the largest energy resource éarskholds as well; other resources such as
electricity and heat are also important.



7.19. Even though the data underlying each of the grapbauseful on their own, there is added
value when one considers the monetary data alorij thie physical data. Household
expenditures on energy are the highest among treups. This is especially striking given
that households are only the 4th largest groumefgy users.

7.20. A number of further extensions can be made to thta dabove using the information
collected in the accounts. Figure 0-6 shows ondr sxtension in looking at the share of
energy expenditures to intermediate consumptionirfdustries and final consumption for
households over time. This information puts int@gar context the impact of energy
expenditures.

Figure 0-6 Share of energy costs to intermediateffal household consumption

20

16

Percent

12

4

T T T T T T T T T T T T T T T T T
90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09

‘ —e— Households — -= - - Agriculture, forestry and fisheries — -a— — Manufacturing Transportation Other industries ‘

7.21. As can be seen frorRigure 0-6 household energy expenditures as a proportiofinaf
household consumption have been stable over thedeeades varying within the narrow
range of 7.8%-9.0%. This is an important energyidatbr for sustainable development
along the social dimension. Furthermore except tfog transportation sectors, energy
expenditures as a proportion of intermediate condiom have remained fairly stable for all
other sectors of the economy. For the transponatexrtor the share has generally increased
since the early 2000s probably due to increased itosts.

7.22. Another potential extension is to consider the shair energy expenditures and use over
time by different sectors of the economy, furth@ha&ncing the policy relevance of the
information collected. This along with the shardspergy taxes paid is shown KFigure
0-7. Other extensions such as energy use by resfurdéfferent sectors over time are also
possible depending on the needs of the users analvidilable data.

Figure 0-7 Share of total energy use (petajoule)



100%

80% -

60%

40%

20%

0% -+ T T T T T T T T T
90 92 94 96 98 00 02 04 06 08

O Households @ Agriculture, forestry and fisheries B Manufacturing @ Transportation B Other industries ‘

Share of total energy expenditures (purchasers’ pces)

100%

80%

60%

20%

0% T T T T T T T T T
90 92 94 96 98 00 02 04 06 08

0O Households @ Agriculture, forestry and fisheries @ Manufacturing @ Transportation 8 Other industries

Share of energy taxes paid
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7.23. Juxtaposing the energy tax data with the physindlrmonetary data of energy use leads to a
number of conclusions with policy implications. €&hmost striking feature is that
households pay by far the largest share of energgst around 60% of the total energy taxes
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7.3

7.24.

7.5.1

7.25.

paid in 2008, even though their share of energyiosghysical terms is about 20% and
about 40-50% in monetary terms. Over the last teccades household share of energy taxes
has decreased from about 80% to about 60% of tiaé Tthe cause of such a shift could be
due to a number of factors, including changes i lew, energy regulations and the
increasing levels of extraction activity by domesfpiroducers and associated taxation.
Clearly such information would provide insightsgolicy makers regarding the impacts of
different policies.

The energy sector within the economy

The importance and contribution of the energy setdothe economy at large cannot be
overstated. All sectors of the economy depend darihecessary inputs to the production
processes. Hence the energy sector is an impoptaper in the economy at large and as
such monetary data collected via the energy acsoarg an invaluable tool to properly
understanding the role of this sector within therexmy.

Output and value added from the energy sector

Figure 0-8shows the output from the energy sector measurembmstant prices (chained
values) over time. The value of crude petroleum maiiral gas extractions increased at the
beginning of the period, but has in recent yeamnbggecreasing. Despite the decrease, the
extraction of crude petroleum and natural gas doutes the most to the overall output of
the energy sector. The other energy industriesvshmore even development over time.

Figure 0-8 Energy sector output over time

1000 Currency units, constant prices

—=&— Extraction of crude petroleum and natural gas ---A--- Manufacture of coke and refined petroleum products

— —®— — Electric power generation, etc. Steam and air conditioning supply

45

N h-/'"/.\.\‘\

35

30

25

20

15 ——

—e——e"

Z e ——a———

10

90 91 92 93 94 95 96 97 98 99 01 02 03 04 OS5 06 07 08

Manufacture of gas; distribution, etc.

7.26.

Figure 0-8presents the output of the energy sector in a wacuwithout giving any
indication as to how important this sector is te tlational economy. It would be useful to
consider the contributions of the energy sectorréfation to the overall economy by
comparing elements of this sector in relation te @tverall economy. Such statistics which
are easily accessible through the accounts arempiesdin Table 0-1.
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7.27. In particular Table 0-1 shows in monetary termsdabtput, intermediate consumption, gross
value added, consumption of fixed capita and né&ievadded by ISIC for all industries for
2006. The ability to make such presentations is @inthe major advantages of compiling
the accounts. The data clearly shows how impottaatenergy sector is to the economy at
large, counting for 5% of output and about 6% afsgrand net value added.

7.28. Within the groups of energy industries it is theragtion of the energy resources which
generates the largest value added. The shareasfrietliate consumption in relation to the
output is much smaller for the mining industry, cgnthe resource itself contributes
considerably to the value of output. This is rafate resource rent, i.e. the contribution to
the net value added by the resource itself andiépdetion, i.e. the decrease in the value of
the resource due to the extraction. The role ofatam is further investigated in the section
that follows. Resource rent is further discusseddction XYZ.

Table 0-1 Energy related industries’ share of outpuand value added, etc. 2006
Output Intermediate | Gross value | Consumption Net value
consumption added of fixed capital addded

ISIC 1000 currency units

A Agriculture, forestry and fishing 65 47 18 13 5

B Mining and quarrying 65 7 59 5 54

B.05 Mining of coal and lignite
B.06 Extraction of crude petroleum and natural gas 60 7 54 5 49
Other mining and quarrying 5 5 5
C Manufacturing 611 415 196 31 165
C.19 Manufacture of coke and refined petroleum products 28 27 1 1 0
Other manufacturing 583 388 195 30 165
D Electricity, gas, steam and air conditioning supply 57 29 28 10 18
D. 351 Electric power generation, etc. 24 12 12 4 8
D. 352 Manufacture of gas; distribution, etc. 20 13 7 2 5
D. 353 Steam and air conditioning supply 14 5 9 3 6

E Water supply; etc. 3 2 1 1 0

F Construction 215 136 79 6 73

G Wholesale and retail trade; etc. 334 145 189 16 173

H Transportation and storage 351 206 174 25 149

1-U Other service industries 1221 554 667 151 516

Total industries 2923 1541 1411 257 1154
Energy related industries total (B.05, B.06, C.19, D) 145 63 83 16 67
Energy related industries, per cent of total industries 5.0 4.1 59 6.0 5.8

7.5.2 Operating surplus of energy industries and the roleof depletion

7.29.

One of the important stories conveyed by the dat&able 1 is that the majority of the net
value added for the energy sector comes from thmetion of crude petroleum and natural
gas. Net value added (NV) can be further deconpasdollows:

NV=NOS+CE+OT-SU

where NOS is net operating surplus, CE is compensdb employees, OT is other taxes
paid by the industry and SU is subsidies receiwethk industry.

11



Once net operating surplus has been isolated, gnoasating surplus can also be calculated
by adding to it the consumption of fixed capitalhe decompaosition of gross operating

surplus by industry is presentedfigure 0-9

Figure 0-9 Gross operating surplus of the energy @ustries and its components, 1000
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Depletion, which is one of the more important cquisen the energy accounts, is the largest
component of gross operating surplus for the ektvamf crude petroleum and natural gas
industry. When depletion is taken into account lbfptsacting it from the net operating

surplus, the contribution of the mining to valueded is considerable smaller and the
differences between the mining industry and theio#nergy industries are less pronounced.

The effect of the depletion on net operating swspisl higher than the effect from the
consumption of fixed capital. However, this is sohmeg specific for the mining and
quarrying industry while for all other industries adjustments take place.

The impact of depletion of energy resources caw &l viewed in the context of the
operating surplus for the overall economy. Figur&00shows two curves presenting net
operating surplus and depletion adjusted net operaturplus. The distance between the
two lines corresponds to depletion of energy resesir The effect of taking depletion into
account corresponds to a downward adjustment obffezating surplus by approximately
30,000 currency units to a level of 200,000 curyemaits in 2007.

Figure 0-10Net and depletion adjusted operating surplus
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7.33. In order to get a better understanding of the ntagdei of energy resource depletion, it
might also be useful to look at what percent ofrafieg surplus is attributed to depletion.
As mentioned earlier gross operating surplus candeeomposed into 3 components:
consumption of fixed capital, depletion and depletadjusted operating surplus. The figure
below shows the relative weight of each of the Biponents of gross operating surplus over
time for the extraction of crude petroleum and ratgas industry.

Figure 0-11Operating surplus components-extractions of crude gtroleum and natural
gas
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7.34. During the period an increasing share of gross aipegy surplus is attributed to the
depletion of crude petroleum and natural gas. A& @nd of the period the depletion
corresponds to almost two third of the gross opegasurplus. The increase in the share of
depletion reflects partly an increase in the phaisguantities of energy resources being
extracted.

7.35. Related to this, and also reflected in Figure 0i$lthat the share of depletion may vary
significantly from one year to the next, althougle physical extraction does not necessarily
vary much. This is again explained by the conventilbat the total value of the energy
resources influences the estimate of the depleGamsequently, large increases in the stock
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7.36.

7.37.

7.5.3

7.38.

7.39.

of the energy resources due to new discoveriesrevaluations of the quantities may lead
to drastic downward changes in the estimate of dapletion even if the extraction of
resources is at the same level when measured siqatyuantities.

The relative role of consumption of fixed capitaldecreasing over time. This may, among
other things, be due to an increase in productilggding to more energy resources being
extracted by the same input of fixed capital anddossibly a decision not to replace
production capital as the accompanying naturaluesonears full exhaustion. In addition,
an increase in the oil and natural gas pricesiveldb the prices on fixed assets used for the
extraction will lead to a decreasing share fordbesumption of fixed capital.

When the depletion and the consumption of fixeditedps subtracted from the gross

operating surplus the depletion adjusted operatunglus is obtained. As can be seen, the
share of adjusted operating surplus varies ovee tieflecting the volatile nature of the

depletion estimate and operating surplus especalgurrent prices. This points at the

importance of establishing time series for depletamd the depletion adjusted operating
surplus, and the danger of drawing up to firm casidn based on only accounts for a single
year or short time series.

Energy taxes and resource rent

As discussed in Chapter 6, gross operating sutiplttsee starting point for the calculation of
resource rent which as it can be clearly seen from Figure O+h2kes up a considerable
part of the gross value added of the extractioarofle oil and natural gas industry.

From a policy perspective, a question of interesivhether the owner of the resource, i.e.
the government, has recovered a significant portdnthe resource rent through rent
payments and taxes. The accounts are perfectigdsto answer such question. Figure 0-12
shows that the share of resource rent to valuechdaes relatively low in the first few years
when extraction was low but it increases once tkteaetion is increasing. Similarly, the
share of rent payments and taxes was low in thénbegy of the period, while in recent
years the share has remained high. However, itlss® alear that in this case the
appropriation of the resource rent does not maka cpnstant share of either value added or
the resource rent. Other factors seem to influgheepayments of rents and taxes. The
magnitude of payments to government has in gemecetased over time.

Figure 0-12 Value added, resource rent and paymentd rent and taxes to the government

'Resource rent = Gross operating surplus - consampt fixed capital - return to fixed capital
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This analysis emphasises the importance of maimgira time series and regularly
assessing the relationship between resource rene@dy extractors and related payments
to government such as taxes and rent.

The importance of the energy sector to the finarmfebe government can also be seen by
looking at the share of total government revenbes tomes from payments related to the
extraction of energy resources and other energyedltaxes. (See Figure 0-13.)

In recent years energy related taxes have madeppmximately 10 per cent of the total
government revenue. Of this, half comes from paymeelated to the extraction of energy
resources and half from other energy related tarehjding taxes on CO2 emissions. Over
the years the energy sector has contributed aeasang share to government revenues.

Figure 0-13 Breakdown of total taxes (total econonmyby energy related and non-energy

related taxes
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7.5.4 Energy and foreign trade

7.43. An important conclusion from the initial supply ange analysis in Section 1 of this chapter
was that imports and exports of energy productssageificant components of the overall
picture. Furthermore data on imports and exporeskaty to understanding energy security.
In this section we explore some of the detailshi$ relationship with the help of the data
available through the accounts.

7.44. The data presented in Table 0-2 shows that for 2806onetary terms crude oil was the
most important energy product being exported, whilecessed oil in the form of fuel oil
was the main energy product import. Overall theesa trade surplus for energy products
which was mainly due to the extraction of crudeamt natural gas.

Table 0-2Imports and exports of energy products, 2006

Imports Exports Trade balancg

1000 Currency units
Crude oll 8 32 24
Natural gas 0 9 9
Electricity 2 4 3
Gasoline and diesel 7 8 1
Others 6 5 -1
Coal 3 0 -3
Fuel oll 33 10 -23
Total, energy products 59 69 10
All products 520 538 18
Energy products share 11 13 53
of all products, per cent

7.45. From Figure 0-14 it can be seen that the firstéragrplus occurred in 1999, increasing until
2004. By comparing téigure 0-8 which shows the output of the extraction industingre
is a close connection between the extraction didiviand the trade balance for energy
products. In years with significant domestic exti@t activities, there tends to be a surplus
in the national energy trade balance.

Figure 0-14 Trade balance for energy products
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In this section, the energy sector is viewed witthia larger context of national wealth. The
value of natural resources comprises only one com@pbof the total value of the assets
belonging to a country. Other components are hurmapital, land and other natural
resources and fixed assets in the form of buildinggchinery and equipment.

Leaving aside the value of human capital, the ntasetues of man-made and natural
capital are presented in Figure 0-15.

In this case we find that the fixed assets (bugdirmachinery and equipment, etc.) make up
the biggest part of the value of the assets. Alifnothe energy resources are important for
the economy (the trade balance, for instance) tbeitribution to the total wealth when
measured as the value of the assets is modest.

It should be noted that the value of the energywusss has increased over time. The
increase can be partly attributed to the fact #rwérgy resources such as oil acquire a
market value when exploration and evaluation aii¢isi have been carried out. A further

contributor is that increases in oil prices havieetd the value of the resources, and when
the oil price increases more than the general peieel, the value of the assets will also tend
to increase relatively to the value of other assets

Figure 0-15 Contribution to national wealth by fixed assets, energy resources, land and

other natural resources
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7.50. Clearly the value of the energy resources is teedhe available physical quantity of the
resource. Figure 0-16 illustrates how the valuethdd energy resources have changed
compared to the physical quantities. The value xnidecalculated from the current price
value deflated by the GDP deflatofherefore the changes in the index are influertmed
the fact that the energy prices have developecemdifitly than the general price level.
Changes due to new discoveries also influenceritiex.

Figure 0-16 Quantity and value index for the develoment of the stock of energy resources
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7.51. The physical stock of oil resources increased byé5cent over the period as a whole. In
contrast, the physical stock of natural gas deemtasibstantially by almost 40 percent. The
GDP deflated value index was almost 8 times highethe end of the period than in the
beginning of the period.

GDPCurrentPrices
GDF ConstanPrice:

2 Recall thatGDP Deflator=
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7.53.

To further shed light on the size of the energyueses Figure 0-17 presents the so-called
R/P ratio for oil and natural gas resources. Fgiven year the R/P ratio is equal to the
available stock at the opening of the period didity the extractions in the given year.

R/P: Stoclf

Extractior
It represents the number of years of extraction leffore the energy resource has been
exhausted assuming continuation of current levearks and extractions. For natural gas
50 years of extraction was left at the beginningheftime series, while a little more than 10
years is left at the end of the time series. Thdsrdase is due to the gradual exhaustion of
the natural gas deposits and the increasing lefvelktsaction. For oil, the R/P proportion
decreased from 25 years to a little more than ldrsyat the end of the period. It is worth
noting that despite a high level of extraction Ihy&ars, the R/P proportion remains fairly
constant above 10 years since 2000. The stabdizaif the R/P proportion is often seen,
and is partly a result of increased exploration awdluation activities, which make it
possible to extract from newly discovered depoait®ther deposits are being exhausted.

Figure 0-17 Years of extraction left with current kvels of stocks and extractions
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7.5.6 Economy wide energy decoupling

7.54.

7.55.

Decoupling of energy use and economic growth isegaly seen as a necessity to ensure a
sustainable development. The extent to which swdoulpling takes place can be illustrated
by comparing changes in GDP with changes in domeste of energy as in Figure 0-18.
The underlying data can also be used to calculaegy use per unit of GDP.

In this example we find that no decoupling has tagkace. In fact, there has been a parallel
development in GDP and energy use in most yeaiiggltine period. Towards the end of the
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period we find first big increase in energy usddwokd by a steep decrease. Indexed energy
use and GDP are at roughly the same value in 2009.

Figure 0-18Economic growth and domestic use of energy
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7.4
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7.5.1
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7.59.

Energy and other sectors of the economy

Sustainable development hinges on increased eifigieof energy use and decreasing
energy intensities. A number of energy intensitgi¢ators can be generated using the data
in the energy accounts. This section analyzes gnesg in relation to economic growth and
the efficiencies of industries. Energy intensitiBg various groups of industries are
presented, and results from decomposition analygishown.

Energy intensities for selected industries

Figure 0-19 sums up the development of economiwvigctand energy use for selected
industries by presenting energy intensities. Thergyintensities are calculated as the ratio
of value added to energy use by the given industry.

The first graph shows the development for industrigith relative low intensities.
Manufacturing shows decreasing intensities, whioflidates a tendency over time to use
energy more efficiently and/or an increase in tlsesuconverted energy. For construction
and services we see that the energy intensities limvat a constant low level after a
decrease in the beginning of the period.

The second graph shows the energy intensitiesaobport services and agriculture, forestry
and fishing. Both industries report high energyeitities. While the intensities for
agriculture have decreased slightly during the qerithe opposite is the case for transport
services.

Figure 0-19Energy intensities for selected industries
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7.60. Because the data in the energy accounts is colléntea manner consistent to the SNA, it
allows for easy integration of data from these tsystems. One such example which is
relevant to energy intensity is integration withpdayment data which leads to the ratio of
energy use to person employed in a particular sdetgure 0-20presents such information
for selected manufacturing industries. The energg per person varies considerably
between the manufacturing industries. For theseaistites no clear conclusion can be
reached on the question of whether there is deowypbetween energy use and
employment.
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Figure 0-20Use of energy per person employed in selected maaefuring industries
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7.5.2

7.61.

7.62.

7.63.

7.64.

Factors behind changes in energy use

In order to shed light on the factors behind theanges in energy use, structural
decomposition analysis based on input-output madelcan be applied. Structural
decomposition analysis is a well-established methiod reference can be made to a large
number of articles of reports describing the methadd presenting results (e.qg.
<references>).

Figure 0-21 presents the results of such an arsglyhie total change in actual energy use by
industries excluding the transportation serviceaB be decomposed into 4 components.
Over the period, overall energy use increased uBB00 petajoules. The other curves
show how the changes in energy use can be furttaiaed by changes in the growth of
final use/demand (i.e. private and government comion, exports, gross fixed capital
formation, etc.), the composition of the final demdathe industry structure and the energy
intensities of the industries.

Growth of final demand increased by over 800 petia® from 1990 to 2007 while energy

use attributed to the other three components deededf growth in energy use had followed

the growth in final demand, we would have seen raateiase in energy use of over 800
petajules. In fact the total increase in energywae about 200 petajules. The difference is
due to reduced energy intensity in industries,their use of energy per unit of output. This
factor alone decreased by about 400 petajoulesngadsain the composition of final demand

(i.e. which products were demanded) and the ingugtucture (i.e. how did the industries

interact) also decreased over the time series.

It should be noted that this analysis, and othexset on input-output modeling, cover a
shorter period than many of the other time semethis chapter. This is due to the fact that
that input-out put tables are normally publishethva larger time lag than other statistics.

% The transportation services have been excludeslferause they show a pattern which is much diftérem
the other industries
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Figure 0-21Changes in industriesenergy use and the factors behind the change
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7.5.3 Energy use attributed to final use of products

7.65.

7.66.

Increasingly, in relation to sustainable productaord consumption policies, policy makers
and others are focusing on the fact that resouseeand environmental pressures can be
seen from the perspective of the final use and wmpsion of products. The rationale is that
any kind of final use initiates a production ch&icluding domestic and foreign activities.
Therefore, the resource uses and the environmpregakures, which occur at the production
level, can in fact be seen as being caused by itted ftise, which have initiated the
production chain.

The data in the accounts can be used to propedgrstand how final demand drives energy
use. In particular, input-output analysis gives #imcation of energy use by final use
categories or specific products. Figure 0-22 shomes results of an input-output model
based allocation of the total domestic energy osthé overall final use categories, which
lies behind the production and corresponding enasgyin all industries.

Figure 0-22 Industries’ energy use by final use cagories
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7.67. The figure shows that the steep increase in enesgybetween 1990 and 2007 was mainly
related to an increase in export activities. Intcast private and government consumption
and gross fixed capital formation, etc. caused atntbe same energy use in industries in

2007 as in 1990.

7.68. This type of analysis can also be done for particuhdustry groups. Figure 0-23 clearly
shows that the activities and energy use of diffeiedustries are driven by different final
use categories. Exports are behind the energy usgreculture, etc., manufacturing, and
transport services. The increase in exports ofspart services lies behind much of the
increase in overall energy use. Finally, gross dix@apital formation and government

consumption are the drivers of energy use in thesicaction industry.

Figure 0-23Energy use of industry groups by causing final useategories
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7.5.4 Domestic and global energy use attributed to houseld consumption

7.69.

7.70.

7.71.

7.72.

For each of the final use categories it is possibléurther analyze the energy use in the
production chains by distinguishing between thealfinses of different products. As an
example of such analysis Figure 0-24 presents tedal household consumption. The
figure shows how much energy is used directly armdirectly when one currency unit is
spent on the product by households. A distinct®also made between energy used in the
production process domestically and energy usedthe production process both
domestically and abroad. The latter production psses include products that are imported
and products that are domestically produced usimgprted intermediate products.

Of the energy products, hot water and steam, stdhé most energy intensive, while
gasoline and diesel, etc. is the least energy &men It should be noted that the intensities
are calculated from purchasers’ prices, which metret energy taxes are included.
Therefore, products which are heavily taxed appedrave lower energy intensity per unit
of currency. For other types of products it is clé@at food is the most energy intensive
product group followed by beverages and tobacamishing and clothing, etc.

For energy products the difference between embedtbadestic energy use and global
energy use is small since most energy products usedhouseholds are produced
domestically using energy extracted domestically.

For other products there are considerable diffeertmetween domestic and global energy
use in production. Generally, the global energgnsities are twice as large as the domestic
intensities. This is in part explained by the fdahtt many of the products used by
households have been imported, Furthermore, inggsin the production chain also use
imported products, which require energy use abroad.

Figure 0-24Domestic and global energy intensities of househottbnsumption
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Energy and the environment

In this section we focus on how energy accounts lealp in clarifying the relationship
between the energy sector and environment. We slisthie role of energy related air
emissions and renewable sources of energy. The ignportant because of its direct
impact on the environment while the latter allows liess pressure on the environment. The
data presented is also necessary for the derivaifoa number of indicators related to
sustainable development such as air quality indisaand climate change indicators.

Energy sector and air emissions

One important use of the physical use table forggnés the calculation of air emissions.
The first part of this section describes how theocamts for energy related emissions might
be set up. The second part presents results frodeling based on the energy accounts and
the emission accounts. The results show which faatiect energy related emissions.

Energy related air emissions are the main (thougtthre only) contributors to most types of
air-emissions because most economic activitiescamnmected to the combustion of energy.
Combustion processes take place in many produ@iah consumption activities, such as
heating of houses and buildings, production of teigity, various industrial processes and
transportation.

The SEEA-Energy accounts may be used as the ladisd establishment of energy-related
air-emissions accounts. Such emissions accountc@rmpatible with the SEEA and the
SEEA-Energy physical flow accounts, and, more galherwith the National Accounts
principles with regard to underlying principles.

Before proceeding with the analysis it is worthingtthat the term *air- emissions accounts’
is different from the term ‘emission inventoriesThe latter is commonly used when
referring to data on greenhouse gas emissions amgsins of air pollutants assembled
following certain formats as agreed upon under ritaBonal conventions (e.g. United
Nations Framework Convention on Climate Change, ONE and the Convention on Long
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Range Transboundary Air Pollution, CLRTAP). Emissiinventories are technology-

oriented and may serve as the appropriate basigefthinology-oriented questions and
analysis. In contrast, air emissions accounts aen@mically-oriented and assign air
emissions to those economic entities that actwakycarrying out the activities from which

the air emissions are originating. Air emissiongcamts are developed to answer more
economically oriented questions and analyses. Baofbrmation systems — emission

inventories and air emissions accounts — complemaci other. (Eurostat, 2009 , p.9).

The presentation of energy related air emissioro@ats in this section is developed in
continuation and accordance with Chapter 3 on thesigal flow accounts on energy. They
are of course consistent with all the componentshef SEEA-Energy system, including
monetary aggregates.

Use of energy accounts for estimation of emissions

Table 3 is a detailed supply table for CO2 emissidimilar tables can be created for all
types of air emissions which are primarily causgabergy use, and they can be established
in the same way as the account for CO2 emissions.

Generally, the emission accounts for energy relaeissions can be established on the
basis of the energy use table (Table X.Y) by mijtig the energy use recorded in the
energy use table by a technical emission factoresging the emission per unit of energy
use. Formally it can be expressed by:

Emissions (E) = Energy use (EU) x Emission Fadib) (

It should be noted that in practice, it is necegdar carry out the estimations at a more
detailed level than presented in Table x.y and I&@b3. This is to ensure that the emission
factors are representative for the activity and éhergy use in question. It is necessary to
distinguish between all energy products since ckfié products usually have different

emission factors. For certain air emissions typiésmay also be necessary to have
information and data on types of technologies witimdustries because the choice of
technologies influences the amount of air emissgersunit of energy used4.

The table presents the quantities of CO2 emisgjenerated by the use of the various types
of energy. Thus, the items in the leading columiTalfle 3 correspond to those items in the
energy use table (Table X.Y), which are of inteiastelation to air emissions. The items in
Table X.Y, which represent extraction of energyorgses are not relevant for the air
emissions accounts, and are not included in Table 3

4

Eurostat's Manual for Air Emissions Accounts pded more information on how air emission accounts

can be established on the basis of energy accounts
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Table 0-3 Supply table for CQ emissions based on the SEEA-Energy use table

Consumption Capital | Total resi- ROW Total supply
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1000 tonnes
Energy related emissions
1. Coal, coke, gas work gas and peat
a) Coal, coke and peat 203 14 1693 21472 16207 5265 23382 59 59 23441 23 441
Use of products received from other units 203 14 1693 21472 16 207 5265 23382 59 59 23441 23441
Own use, etc.
b) Gas work gas 1 1 1 3 24 24 27 27
Use of products received from other units 1 1 1 3 24 24 27 27
Own use, etc.
“T2. 0il TZ03%TTIAYTTTTTTTTTTTT 17777693 777930 T 1771283 978" [ 280" 2771730677 T 113074860 T 214 T TEB056” 43509 | "5 8507 2504 T8 454 T T T TR 510 T T06)™ """ 86610
Use of products received from other units 2039 149 1 2583 930 1 1263 978 5 280 2 1406 1130 48160 1214 57946 43509] 5950 2504 8454 66 400 100 66 500
Own use, etc. 110 110 110 110 110
"7 3. Natural Gas TS 1728 1603 2211 27T TTTAT705T 2664 29 2003 T 286 T 26 4337 [/ 1606 1606) T mesi| T 117081
Use of products received from other units 115 125 2211 2 1 4705 2664 29 2013 21 236 26 433 7872 1606 1606 9478 9478
Re-injection
Own use, etc. 1603 1603 1603 1603 1603
. Electricity e ey T
Use of products received from other units
Own use, etc.
B Heat L e ey
Use of products received from other units
Own use, etc.
"" 6. Renewable fuels and waste
a) Solid biomass and wastes 263 9 396 6636 2355 4282 85 7389 3391 3391 10780 10 780
Use of products received from other units 263 9 396 2944 1493 1452 3613 3613 3613
Own use, etc. 3692 862 2830 3692 3692 3692
b) Liquid biofuels and biogas 25 14 126 87 39 165 165 165
Use of products received from other units
Own use, etc. 25 14 126 87 39 165 165 165
Energy related emissions, total 2645 1900 1604 7008 931 2 34202 22290 34 11879 2 1427 1367 48186 1733 98471 43509] 5950 7584 13534 112 004 100 112 104
Non-energy related emissions, total 425 425 1465 1890 1890 1890
Total air emissions 2645 2324 2029 8473 931 2 34202 22290 34 11879 2 1427 1367 48186 1733 100 360 5950 7584 13534 113 894 100 113994

Source: Calculation based on SEEA-E Table X.X actitical emission coefficients (at detailed level)
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The air emissions data related to energy use doeaabd to the economic activities in a
consistent manner with how the energy use is rexbrth other words, if for a specific unit
(industries and households) use of energy for catidou is recorded, then the
corresponding emissions are attributed to theiarguestion.

It follows that the use of certain types of conedrenergy does not lead to the recording of
emissions. This is the case, for instance, forue of electricity and heat by industries and
households. Emissions are recorded for the ebitgtrand heat producers’ use of e.g. coal
and oil in the production of the electricity andettheat. Since the main part of the
production often takes place within ISIC D Eledtyic gas steam and air conditioning

supply, this is where the main part of these emissiis normally recorded. Other parts of
these emissions are recorded for other industteeshe extent that combustion of energy
products for electricity and heat generation tgiase there for own use or for sale.

Emissions related to the use of gasoline and diesel for transport are similarly attributed
to the units carrying out the transport activitidhus, only parts of the emissions are
allocated to ISIC H Transportation and storage, levlather parts are attributed to the
households and industries, which use the petrol diadel, etc. For households, transport
related emissions include the use of energy fovapei cars. Energy use and emissions
caused by public transport are attributed to ISIC H

In order to complete the picture of the CO2 emissjanon-energy related CO2 emissions
are presented at the bottom of the table. Theseenergy related emissions are based on
additional information, for instance, from the esiis inventories complied in complying
with the United Nations Framework Convention onn@te Change, UNFCCC.

Analysis of energy related emissions based on theexgy accounts

Once the emissions accounts have been set up bagb@ energy accounts it is possible to
extend the analysis and consider what factors Uieddre changes in the energy related
emissions. Figure 24 presents the results of soatysis.

Figure 0-25 is similar to the Figure 0-21 on eneugg. Overall CO2 emissions have been
fairly constant over the 18 year period. Of theoBnponents shown in Figure 0-25, growth
in final demand has created substantial upwardspreson CO2 emissions while the other
components represent factors driving down over@lR@missions.

Changes in the energy mix imply that industries Aondsehold increasingly are using less
CO2 intensive energy products. Examples of sudhaage in energy mix are substitution of
natural gas for coal and wind energy for fossildzhaslectricity.

Figure 0-25Change in industries CO2 emissions and the factotsehind the change
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7.5.4 The role of renewable energy and waste

7.90.

7.91.

Renewable energy is high on the policy agenda imymeountries, and therefore it is

important to monitor the development in the prodciand use of renewable energy and to
assess the share of renewable energy of the toerige supply and use. This section
presents details on the use of renewable energywaste and clarifies how much of the

total use of energy is covered by renewables arsleva

Figure 0-26 shows the development in the supplgdpction and imports) of various types
of renewable energy, and the share of the totahgmy production and imports of energy
products that comes from renewable sources. Theuptmn of wind energy and the
imports of renewable energy products have beerasing. Similarly the production of fuel
wood and biodegradable waste used for energy ptmstubave been increasing. Altogether
the share of renewables has increased from 4 pwrtoeclose to 7 per cent of the total
supply during the period.

Figure 0-26 Supply of renewable energy and its sharof total primary energy production

and imports
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7.92.

7.93.

7.94.

Fi

Renewable energy is used both by households ansstines.Figure 0-27presents the use
of renewable energy in physical terms by househdigshe manufacturing industry and by
the electricity, gas, steam and air conditioningmy industry.

Household use of fuel wood increased drasticallyinduthe period, but despite this the
share of renewable energy was reduced by half f2oper cent to 1 per cent of the total
energy use by households.

The levels of renewable energy in the manufactuimdustries in absolute and relative

terms have been somewhat constant since 1990. Holdsen the other hand have

increased their use of renewable sources in alestduins, though the growth was less than
the overall growth in household use of energy. Aesult households’ use of renewable
energy has decreased from over 2% of householdygnese in 1900 to about 1% in 2008.

The electricity, gas, steam and air conditioningppy industry increased its use of

renewable energy considerable from 10 per centOt@é cent of its total energy use. It

should be noted that part of this increase is d@uart increase in the production of wind

power, which is recorded as a use (and subsequedtigtion) of this industry.

gure 0-27 Use of renewable energy by main useradshare of total energy use
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