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Chapter 1: Introduction

What is the System of Environmental -Economidccounting for Energy?

The System of Environmental-Economic Accounting forr@n€SEEA-Energy) is a
multi-disciplinary, multi-purpose, conceptual framek for organising energy-related
statistical information. It supports analyses & thle of energy within the economy and
of the relationship between energy-related acégitind the environment.

The concepts and definitions that comprise SEEA-nare designed to be applicable
across all countries, irrespective of how theirrgpes produced and used, their relative
state of economic development, or the compositimhsate of their energy from natural
inputs, and physical environment.

At the heart of SEEA-Energy is an accounting apginothat records, as completely as
possible, the stocks and flows of energy within éltsenomy as well as energy-related
aspects of environmental issues. The accountingoapp of SEEA-Energy is based on
the System of Environmental-Economic Accounting EBF, a conceptual framework
that has been developed over the past two decawdstdgrate measurement of
environmental and economic phenomena. In particBEEEEA-Energy is a subsystem of
the SEEA Central Framework which was adopted by Ulnéed Nations Statistical
Commission in 2012 as the international statiststahdard for environmental-economic
accounts. More broadly, SEEA-Energy and SEEA Cerfframework are satellite
accounts of the 2008 System of National Accound®82SNA).

SEEA-Energy also draws on the work undertaken ire thternational
Recommendations for Energy StatistiiRES) and formalises and extends the
possible range of accounts to inform policy makefsenergy-related matters by
presenting an integrated set of accounts for eneigyed stocks and flows (in
physical and monetary terms) and for combined ptes®ns of these physical and
monetary data. Thimternational Recommendations for Energy Statis{iB&ES) was
adopted by United Nations Statistical Commissior2@11 and provides guidance on
relevant concepts and definitions, classificatiothata sources and data compilation
for energy statistics and balances.

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

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

stocks and flows. Monetary measures of flows ofrgneroducts are organized in

monetary supply and use tables. For stocks, erstagjgtics record physical extraction of
energy from natural inputs; SEEA-Energy adds te thcture with monetary values for

resource depletion arising from this extractionisTimonetary measure of depletion is
directly relatable to physical measures of extoactf energy from natural inputs, and at
the same time can be used as part of the calculatficcuch measures as depletion-
adjusted national saving and depletion-adjustedsggomestic product (GDP).
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SEEA-Energy is not designed to provide or repléeerichness and depth provided by
various existing types of energy information. Ratltés the linkages and connections

developed in SEEA-Energy that provide an additi@mal broader perspective and hence
add value to the detailed energy information alyemdilable.

It is these linkages that underline the power oE&HEnergy. To formulate a policy
response to an environmental issue such as cliotetege affected by energy-related
carbon emissions to air, it is essential to undadsthuman impacts on the physical
environment (e.g. which industry generates the ararbmissions and what energy
products are involved?); to understand energy nesdbs possible constraints and
solutions (e.g. what are our ongoing energy requergs and what low-carbon energy
from natural inputs could we utilise?). It is aksssential to understand the effects on the
economy and the environment of using economic unsténts such as tradable carbon
emission permits carbon to solve problems in cedagas(e.g. impacts on energy prices,
household spending and business profitability andggially, on emissions of carbon by
domestic producers and as embodied in importsia paiduced through SEEA-Energy
has the capacity to inform these types of questions

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. Tleeteof human use of energy on
the environment has emerged as a critical polisyés There is a growing concern
about the impact of each country’s energy use dmetlated emissions upon global
and local environments. On the other hand, thera rgcognition that continuing

human welfare and development are dependent upbehefits obtained from the

use of energy.

As a multi-purpose system, SEEA-Energy informsgyotiecisions related to the supply
and use of energy. First, summary information inrEAHENergy can provide broad
guidance on issues and areas of concern that sheulde focus of decision makers and
provide indicators of progress towards policy obyes. Second, the detailed
information in SEEA-Energy can support a richer enstnding of the issues including
potentially identifying the key drivers of chandehird, the SEEA-Energy framework
supports the development of models and scenarsascém be used to assess the impact
of possible policies both within a country and bestw countries.

SEEA-Energy and IRES provide the conceptual franmkewior monitoring progress
towards energy policy objectives in countries andbp international scale. Energy policy
involves a number of actors including civil sociegpterprises, and political actors, each
with different perspectives and interests. Eacbratttrough its actions puts pressure on
different areas of the energy sector and on the@mwent.

The use of energy by households and by industrstesea range of pressures on the
physical environment. These pressures arise frotisidas on energy production and
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use, and could reflect for example a national decito adopt widespread use of coal-
powered electricity. These choices give rise tossuees, including those related to
depletion of non-renewable resources and of enwisgnal degradation arising from

energy-related emissions. These environmental ymessn turn impact the state of the
environment affecting, among other things, stodkenmeral and energy resources and
air and water quality.

Ultimately, environmental pressures will impact tive policy realm, where various
political, enterprise and civil actors develop pglresponses to these pressures. Given
the range of actors involved in energy-relatedgyofiaking, fully informed decisions on
energy policy require multi-disciplinary informatio systems to ensure effective
alignment among the various competing socio-ecooamerests.

Policies directed towards achieving secure anchsaile production and use of energy
will have varying emphases depending on the specifaracteristics and needs of each
country. However, the overarching policy objectivenild typically be framed against
three major categories: improving energy distritmutand access to energy; managing
energy supply and demand; and reducing pressuresnefgy production and
consumption on the environment.

The first categorylmproving energy distribution and access to engergfers to policies
that aim to ensure that all energy users (includumgl and urban households) have
access to appropriate, reliable and affordableggnéinergy production and distribution
services are delivered by a range of providersudieg networks operated by electricity
and gas utilities. SEEA-Energy can provide a rasfgaeasures to guide policymakers in
assessing and managing the performance of thesad@r® in supplying energy
including information on capital outlays.

SEEA-Energy accounts can monitor the various enprggiucts supplied to households,

government and enterprises (as well as energy ptedkported) and thereby assist
policy-makers in their efforts to ensure ongoingvision of energy supply services. It is

important to capture the cost and affordabilityenérgy products being offered to energy
users. Costs associated with providing these ssyviacluding both current and future

capital costs, as well as the means of financiegdhoperations need to be taken into
account. SEEA-Energy can provide ongoing infornmatio assess operational efficiency

of the energy providers. This is important sinceviers must be able to deliver a

reliable service to energy users, recover the cobtproviding these services, and

generate sufficient return to address ongoing ahpieeds (for example, to meet

infrastructure repairs and upgrades) while remgicommmercially viable.

The second categoryManaging energy supply and demanefers to policies that
address issues related to energy supply and aflocaFor these policies, energy
accounts can be used to monitor the amounts ofg@diocated for different uses (both
by the type of userconsuming the energy and by tharposeof this use) and the
associated losses during extraction and distributiois also essential to measure trade-
offs in the allocation of energy, since certainorgses such as timber and mineral and
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energy resources are scarce and should be usetbmffi — energy accounts can link
information on enterprise use of energy producthi¢oassociated value added generated
by these businesses. This information can be asbessngside information on the
relative prices paid by different consumers forrgggroducts consumed.

The third categoryReducing pressures on the environmeatognizes the key role of
managing energy-related emissions in order to azdigtrse environmental outcomes. In
this respect, it is important to identify and measthose variables inherent in energy
production and delivery which may have a negativeirenmental impact, for example,
SO2 emissions related to coal combustion; and gretgted CO2 emissions. SEEA-
Energy can inform on taxes and various instrumaimed at controlling these variables
(such as tradable permits to emit carbon) andugirats links to the SNA framework,
SEEA-Energy has the capacity to link these politiethe impacts on measures such as
household expenditure and saving; government reyeand gross domestic product.

Expenditure on environmental protection and resounanagement activities related to
energy supply is also relevant to this categoryESEnergy captures both current
expenditures and relevant investment expenditimekiding, for example, those related
to carbon capture and storage and those relatég: timfrastructure for capturing energy
from renewable sources. Various categories of enuiiental clean-up, including costs
of decommissioning of mines and energy-related pgent are recorded in SEEA-
Energy.

This category also recognises the importance dasable management of energy from
natural inputs. In this respect, SEEA-Energy presida number of fundamental
extensions to information presented in the SNA. Egample, following the SEEA

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

resources such as coal, oil and natural gas todosteof energy extraction which allows
for the calculation depletion adjusted measures.

The SEEA-Energy framework supports a number ofiegipbns that can inform across
multiple categories of policy interest. For examptee framework supports the
estimation of carbon embedded into various produktsountry adopting a policy to
deliver a low-carbon future may elect not to praglpeoducts with significant embedded
carbon. This has implications for the policy aredsmproving energy distribution and
access to energgndManaging energy supply and demafas discussed above). But a
full assessment of the carbon ‘footprint’ of theiotry would consider carbon embedded
in imports and the information is also relevantRaducing impacts on the environment

The nature of energy issues requires that a widgetyaof measures are needed to
understand the implications of decisions takerortiter to measure progress towards the
achievement of the goals set out in each of thécyalategories described above,
integrated information systems are therefore reguiThese systems will assist with
collecting data and converting it into informatifam benchmarking, monitoring progress

and identifying trends. But more importantly thesoyide the capacity to consider,

within a single framework, various environmentald aaconomic aspects of energy-
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related policy questions. It is therefore necessarhiave a comprehensive conceptual
framework to guide the process of data integradod its transformation into policy
relevant information. SEEA-Energy is the framewalte to meet this purpose.

SEEA-Energy as a system

SEEA-Energy consists of a coherent, consistentraedrated set of tables and accounts
related to energy. It informs on the role of enevgyhin the economy, the state of

mineral and energy resources and various energteteliransactions. The tables and
accounts of SEEA-Energy may be produced in botlsipalyand monetary terms and are
based on internationally agreed concepts, defimsticclassifications and accounting

rules.

Scope and coverage of SEEA-Energy

Generally, the accounts are compiled in respeca ofational economy — defined in
accordance with the SNA and the SEEA Central Framniewn geographic terms, the
economy is defined by the economic territory ofcurdry (which generally aligns
closely in physical terms with its national bouridsras commonly recognised). The
economic units of interest are those enterprisesséholds and governments with a
centre of interest in the economic territory (aaapt known as residence principle ). The
economy is defined by the production, consumptiad aaccumulation activity
undertaken within the economic territory by theewaint economic units. It should be
noted that transactions related to internationalkbung and international transport are
accounted for based on the residence of the operitbe transport equipment.

The scope of the environment, from which energgoisrced and into which emissions
are absorbed, is also bounded by these territooiasiderations. Thus, all energy from
natural inputs and the environment within a couastgconomic territory (including its
exclusive economic zone) are within scope of thE/SEnergy framework.

Types of SEEA-Energy accounts

There are three main types of accounts in the SHBAework: (i) physical flow
accounts, (ii) accounts for energy-related tramgastand (iii) asset accounts in physical
and monetary terms. Descriptions of these threestygf 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 ambin which flows of energy are
recorded in physical units. Physical flow accoufais energy aim to record flows of
energy from natural inputs from the environmenthi economy, within the economy (as
energy products), and from the economy to the enwient (as losses and returns of
energy to the environment). Within SEEA-Energy, $bgl energy flows are expressed
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in energetic units, joules. This provides a commpit allowing physical energy flows to
be directly compared and/or combined. In other ¢yp& accounts, physical flows of
energy may be recorded in a variety of units, feaneple the use of mass units (e.qg.
tonnes) or volumetric units (e.g. cubic metresh&le in material flow accounts.

Accounting for these various physical flows invavéhe application of basic laws
concerning the conservation of mass and energyefisas accounting rules concerning
supply and use. Thus the supply of energy fromrahtoputs by the environment must
be matched by the use of those inputs by the ecpnomluding use for non-energy
purposes, or the immediate return of those inputhé environment (e.g. flaring of gas
during natural gas extraction). Also, the supplyeofergy products (i.e. goods and
services) within the economy must equal the usthede products within the economy
(with relevant adjustments for the trade in goods &ervices between countries).
Finally, the generation of residuals by the econamyst be matched by either the
collection of these residuals by other economidsuior example the use of fly ash to
make building products or the release of the residuals to the enviroinenineration
of solid waste to produce energy is recorded inattmunts as supplied from within the
economy.

As a result of accounting for the various physerargy flows in this way, a framework,

known as a physical supply and use table (PSUT, b constructed in which the

various types of energy-related physical flowsraerded. The PSUT in SEEA-Energy
is based on supply and use tables of SEEA Centaah&work that have been developed
for environmental economic accounting and is extentb include consideration of

energy-related flows between the environment aedettonomy. The PSUT includes
only energy related flows. For example, even thoaigtimber could potentially be used

as a source of heat and energy, flows of timbepahlgincluded in the accounts when it
is to be used for energy purposes.

Accounts for energy-related transactions

Many of the physical flows of energy have corregting monetary flows reflecting
various transactions between economic units (dustries, households, governments).
For example, the use of refined petroleum prodbgtdhouseholds can be physically
measured in joules, but can also be recorded mst&f household spending on these
products. All such transactions between economiis ane recorded in the SNA.

Accordingly, flows related to the supply and useeokrgy products are recorded in
monetary terms. These are the monetary supply aedtables for energy and are
recorded in addition to the physical terms usedha PSUT framework as described
above. Monetary supply and use tables for energse fe narrower scope than the

! In practice residuals collected by other econoumiits either have no energy content or such corigent
unknown.
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corresponding PSUT in that they relate only to 8owof energy products within the
economy and not to energy-related flows betweemtiveonment and the economy.

Other transactions related to energy are of interddany of these will be
environmentally-related transactions, includingngactions relating to those activities
that reduce or eliminate pressures on the envirohraed that aim at making more
efficient use of energy from natural inputs. Exaespinclude investing in technologies
designed to prevent or reduce pollution; and teldgies leading to more efficient use of
energy.

There is likely to be policy interest in certaireegy-related monetary flows to and from
government for environmental purposes and in tbigext the measurement of energy-
specific taxes and subsidies and similar flows l{sas investment grants to capture
renewable sources of energy) is appropriate.

There are a number of other economic aggregatékedf interest related to extraction
and exploration activity. For example, measuregatfie added, and payments of rent to
access these resources may be particularly releVapte may also be a focus on the
level of investment in extraction equipment andtlom state of the associated produced
assets (for example concerning the condition aiumtry’s gas extraction infrastructure).
All of this information can be organised into redet accounts for energy-related
transactions.

Asset accounts in physical and monetary terms

Measuring the quantity of mineral and energy resesirand changes to these resources
over time, is a central feature of SEEA-Energy. edsaccounts focus on the various
components making up mineral and energy resoufidesy measure the stock of each
resource at the beginning and end of an accoup#rigd and record the various changes
in the stock due to extraction, discovery, catgdtivloss or other factors.

The compilation of asset accounts in physical tepmwides valuable information on
mineral and energy resource availability. An impaott feature of the SEEA asset
accounts is the estimation of depletion of minaral energy resources in physical terms.
For mineral and energy resources the quantity pfetien is equal to the quantity of
resource extracted.

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

The underlying basis for valuation in SEEA-Energymarket prices, the same basis as
used in the SNA and SEEA Central Framewok. Theaiiglis valuation basis allows
mineral and energy resources to be readily compgarptbduced and financial assets.
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Because there is no market for many mineral andggneesources assets (i.e. the
environmental assets situ such as coal and oil are rarely bought and saltgrnative
valuation methods often must be used to compiletasounts in monetary terms. The
method described in SEEA-Energy is the net presaie (NPV) method which
calculates the value of an asset based on theefitobome streams that are expected to
accrue from the use of the asset.

The relationships between the accounts

The accounts within the SEEA-Energy framework anenected to each other but each
focuses on a different part of the interaction leetwthe economy and the environment.
Examples of the relationships between the diffeaesbunts include:

* Changes in the stock of mineral and energy reseufitem the asset account) are
most often the result of economic activity whichtumn is the focus of physical flow
accounts. Measurement of flows of mineral and gnezgources within the PSUT is
consistent with the measurement of extraction énatbset accounts.

» Measures of the flows of energy from natural inartd energy residuals can also be
related to transactions recorded in accounts ferggrrelated transactions, including
investment in cleaner technologies and flows ofg@né&xes and subsidies.

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

Building on existing energy information

As an integrated accounting system, SEEA-Energydstapart from individual sets of
energy statistics. While sets of energy statistiesusually internally consistent, there is,
for good reason, often no strict consistency betwere set of statistics and another.
Energy statistics are often collected with a patticregulatory or administrative purpose
in mind and the way in which they are structuredyrba specific to this need. For
example, data on energy use by energy productsifrdostrial sources would ideally be
classified according to the industrial classifioatused in ISIC (which is used in SEEA-
Energy, the SEEA Central Framework and the suitmtefnational economic statistics
standards, including the SNA). This would allowithacorporation into physical flow
accounts and combined accounts.

In contrast, SEEA-Energy is an integrated systenaatfounts which, to the fullest
extent possible, provides consistency between #&dgous accounts in terms of
concepts, definitions and classifications. In addit implementation of such an
integrated system aims for consistency over tinfes Ts of the utmost importance in
developing the comparable time-series estimates dha important in the policy
process.
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A final important difference between energy stidistand SEEA-Energy is the
latter’'s coherence with the economic information tie SNA and other
environmental-economic accounts of the SEEA Cenfiramework and its other
subsystems. This adds considerable value to ble¢h physical and monetary
information, as it facilitates integrated analyseghin a common framework.

Nevertheless, SEEA-Energy relies heavily upon enstgtistics for the basic inputs
required in its implementation. In this regard, thee of IRES complements and
supports the implementation of SEEA-Energy. IRE8susoncepts, definitions, data
sources, data compilation methods, methods of tuakssessment and
classifications that provide the basic data allgwihe compilation of SEEA-Energy
accounts and tables. For example, the energy bedansed in IRES employ an
organising principle very similar to the PSUT. ARRES and SEEA-Energy use the
same energy product definitions. In effect, by makidata collected through IRES
and organising these data into a framework cohewvétit the SNA, we develop

SEEA-Energy. Thus SEEA-Energy and IRES are compiearg frameworks.

It is reasonable to expect that over time the imm@etation of SEEA-Energy and
IRES will result in changes to the way in which egyestatistics are collected and
structured in a given country. However, a spiricoflaboration and respect between
environmental accountants and energy statisticiameeded for this to happen. The
former group must understand that collecting data énergy accounts may be a
secondary concern for energy statisticians resptms$or providing information to,
for example, a regulatory programme. The latterugronust be convinced of the
importance of generating highly structured and ¢ieat data within an accounting
framework. The beneficiaries, among others, inclpdécymakers in the field of
energy using this information and members of thenmanity who benefit from
better-informed policy decisions.

Combining information in physical and monetay terms

One of the most powerful features of SEEA-Energygsi®rganisation of information in
both physical and monetary terms following consistescope, definitions and
classifications. This feature especially appliesh® compilation of accounts and tables
where information in physical and monetary termsc@nbined. The structure of
combined presentations depends on the topic ohtbasurement (e.g. decoupling of
energy use from economic output, decoupling of ggneise from emissions to air, cost
per Joule of various energy products used by varindustries etc.), the questions of
interest and the availability of data. NonethelEssscombined presentations there are
certain common features and benefits.

First, combined presentations allow users to findirege of relevant information in a
single location and without needing to make speamiflistments to ensure coherence and
consistency.
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Second, combined presentations promote dialogueekeat those familiar with data
organised according to economic accounting strastuand those familiar with
information organised with reference to specifiygbal flows. Thus these combined
presentations provide a basis to integrate enemgyironmental and economic analyses
and thereby reduce the tendency to divide anabfsissues along disciplinary lines, in
which analyses of issues are carried out indepédiydaineach other.

Third, combined presentations structure informationa manner that supports the
derivation of combined indicators — for examplesalgling indicators that track the link
between the use of energy from natural inputs anowtp in production and

consumption.

Fourth, combined presentations provide an inforomatbase for the development of
models and detailed analysis of energy-relateddnt®ns between the economy and the
environment.

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

Flexibility in implementation

Although SEEA-Energy is presented as an internabnsistent and complete
system, its design is such that it can be impleexegually well in part or in whole.

A country may choose to implement only a selectodrthe accounts included in

SEEA-Energy, with such decisions dependent upore#tent and type of its energy
from natural inputs, the characteristics of its rgyeproduction and use, and any
specific energy-related issues faced. Even if antgu wants eventually to

implement the full system, it may decide to foctssinitial efforts on those accounts
that are most relevant to the issues it most utgevants to address.

For example, a country with few mineral and energyources may choose not to
compile asset accounts these resources. Even toaseries with abundant mineral
and energy resources may wish to concentrate dinsthose inputs with greatest
economic value, or on those that are subject toudision for the way in which

government appropriates revenue from their extoacti

Countries with a high dependence on imports ofaterénergy products may find it
useful to build physical flow accounts for thesedrcts in order to highlight which
industries and outputs are most exposed to thism#gnce. Thus, a country may not
feel a need to record physical flows for all enepggducts and might instead decide
to focus on those energy products where importsrarst critical.

If a country is concerned to reduce its energyteglacarbon emissions through the
use of tradable permits to emit carbon, it wouldsimbkely be informed about
carbon emissions arising from the use of specifiges of energy products, and
about the industries and households using thestupts.
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These examples illustrate the flexibility of appliion of SEEA-Energy. It is
important to bear in mind, however, that whateveartp of SEEA-Energy are
implemented, these parts should be implementedu@hh & way as to be internally
consistent, and complementary to the broader syagemwhole.

While there is flexibility in the implementation tie system, much benefit from SEEA-
Energy comes from it being implemented at an irtional level. Consequently, the
ability to compare and contrast relevant informatfioom a range of countries is a
significant advantage supported by the widesprdagtzon of SEEA-Energy for specific
modules, particularly with regard to energy-relaisdues that are multi-national or
global in nature.

SEEA-Energy and related statistical standardsrad publications

The integrated nature of SEEA-Energy and in padicus coverage of data in both
physical and monetary terms means that it hasioektips to a number of other
international statistical standards and framewofkese relationships are of four main
types: relationships to the SEEA Central Framewamil to other SEEA sub-systems;
relationships to the IRES and the ESCM,; relatigpsto the SNA and related economic
accounts standards; and relationships to standéednational classifications. Each of
these is described in turn.

SEEA-Energy and related environmental accous manuals

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

statistical standard for environmental economicoanting, and is entirely consistent
with this framework. The starting point for the d&pment of SEEA-Energy is the
SEEA Central Framework. The SEEA-Energy brings ttogiethe energy-specific tables
and accounts of the SEEA Central Framework andbeddés in greater details the links
between energy accounts and energy statisticsaladdes as described in IRES.

Users of the present manual include energy sta#das/analysts and
environmental/national accountants. As such thesgoie manual provides a bridge
between the two communities by elaborating on gneogncepts which are familiar to
energy statisticians, and accounting concepts @aled,rincluding the integration of basic
energy statistics into the accounting framework, iclvh are familiar to
national/environmental accountants. It is fullynsistent with the SEEA-Central
Framework and coherent with IRES. One of the doutions of the SEEA-Energy is
that it provides an all encompassing documentiigkhe concepts in energy statistics to
the concepts used in energy accounts. It thergiangdes a useful tool for those experts
willing to compile energy accounts coming from drént disciplines.

Some of the elaborations include, for example, ioiiog further details on definitions
and concepts related to energy from natural ingunsrgy products and energy residuals.
Physical flow accounts are extended to explicitiglide own use of energy products.
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From the physical flow accounts a number of reldtddles are derived including tables
on energy transformation and end use of energy.dideission on monetary accounts is
expanded to include transactions for energy. Physind monetary asset accounts are
presented not only for mineral and energy resoubctsalso for inventories of energy
products.

The SEEA Central Framework provides the overarclitagework for all SEEA sub-
systems. These sub-systems will contain more ddtastructures and explanations.
Sometimes some of these issues may be overlappimgeen different subsystems. In
this case both subsystems will address the issareexample, the practice of hydraulic
fracturing to release coal seam gas relates to Igtirological systems and the
production of energy. An integrated analysis ofregnic and environmental aspects of
this issue could potentially utilise data from SERAter and SEEA-Energy, as well as
from the SEEA Central Framework.

SEEA-Energy, IRES and ESCM

SEEA-Energy has a close relationship with IRES. SRitovides valuable input to the
production of tables and accounts of SEEA-Energypdrticular, it recommends use of
harmonised definitions of energy products followiagstandardised energy product
classification (theStandard International Energy Product Classificatio SIEC) and
guidance on data sources and data compilation. &/hesountry has produced energy
statistics and balances according to IRES, the @atigm of SEEA-Energy tables and
accounts becomes an extension to the existing bbdifficial energy statistics.

The concepts presented in IRES are therefore anpey to SEEA-Energy. However, it
should be noted that a number of important extaissiand adjustments before their
integration within physical and monetary accoumtifotving principles of the SNA are
needed. In addition, SEEA-Energy incorporates abwmirof structures that are needed to
undertake integrated environmental-economic anslysehe area of energy. That is,
while IRES and SEEA-Energy are complementary, SEHB&rgy is essential for those
who wish to undertake energy-related analyses efriteraction between economy and
environment.

The SEEA-Energy remains a conceptual manual andisnée be supported by
compilation manuals. The Energy Statistics Compildanual (ESCM) is an important
document for the implementation of both IRES andE&Energy. It will cover the
implementation of the recommendations containeRES as well as SEEA-Energy to
ensure that countries set up a multi-purpose engrgymation system. While IRES
provides internationally agreed recommendationtherstatistical production process for
energy statistics, the ESCM is expected to providge practical guidance to assist
countries in the implementation of IRES and SEE/Agy. In particular, it will provide
clear guidelines on data sources, on the use oinggtrative data and on a range of best
country practices.
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SEEA-Energy and the 2008 SNA

The relationship between SEEA-Energy and the SNunslamental. The 2008 SNA is
the conceptual framework used as reference foSHIEA and in turn SEEA-Energy. In
many respects SEEA-Energy might be viewed as disagecount of the 2008 SNA.

Many of the accounting concepts and definitiondduseSEEA-Energy are drawn from

the SNA and users of SEEA-Energy may be requirembtsult the 2008 SNA for more

detailed guidance on particular accounting isst&go primary areas of distinction

between the systems, which are also representdteiSEEA-Central Framework, are:
the scope of the recording of physical flows corepgato monetary flows (which is

somewhat broader in SEEA-Energy); and the incotfmrén SEEA-Energy of depletion

as a cost against the income earned from the éxtnaaf natural energy resources i.e. in
addition to being a reduction in the value of thessmurces.

SEEA-Energy and standard international clasBcations

The consistent use of classifications in the coatipih of data in physical and monetary
terms is a central feature of SEEA-Energy. Intéomal comparability of data is
enhanced through the collective use of standargriational classifications where these
are available.

Several classifications used in SEEA-Energy ardrakto integrated environmental and
economic analysis including the classification @omomic units to industries, the
International Standard Industrial Classificatiom £dl Economic Activities (ISIC); and
the Standard International Energy Product Clasgifio (SIEC). These classifications
are used throughout SEEA-Energy and the SEEA Qdfiaenework.

In the physical measurement of energy products SEBR#gy uses the Standard
International Energy Product Classification (SIES)EC should be linked to the Central
Product Classification (CPC) in order to best suppoegrated environmental-economic
analysis. The CPC is used throughout the SEEAtarglib-systems. In the assessment of
the status of different mineral and energy resayrttee UN Framework Classification
for Fossil Energy and Mineral Reserves and Ressufd®&FC-2009) is the relevant
international standard.

In addition, SEEA-Energy contains a range of otlies and sets of classes that are
aimed at providing support for the compilation @ftal Examples include the SEEA-
Energy classification of energy from natural inphystype and the description of types
of residuals.. These are not standard statistleskifications but do provide a structure
for compilation and international comparison.

The organisation of data following standard classifons is an important step that
facilitates the development of accounts that areoasrent, consistent and comparable as
possible over time and across countries.
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Overview of SEEA-Energy
Introduction

SEEA-Energy is the internationally agreed concdptélmework relating to
environmental-economic accounting for energy. lilises accounting concepts,
definitions and principles from the SEEA Centrahfework, the SNA and IRES and
describes the relevant accounting concepts andtstes that are needed for to present a
variety of environmental-economic accounts inclgdphysical supply and use tables,
monetary accounts for energy-related transactioms asset accounts for mineral and
energy resources.

The conceptual framework presented here is desigoede applicable to countries

around the world. This publication therefore redegs the different conditions and

different institutional arrangements that may benfb in developed and developing

countries. Further, it attempts to present theonatie for the treatments applied so that
statisticians can better decide on treatments dar developments and new institutional
arrangements in the future.

The publication does not attempt to provide guigaore how to make estimates or on the
priority with which different accounts should be pl@mented. Instead, practical

guidance is to be found in the ESCM. Specialiseédance on accounting for economic

statistics is available in the 2008 SNA and integlananuals.

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. Thediapter introduces SEEA-Energy
and provides an indication of its policy relevarecel the general aims and purposes of
environmental and economic accounting for enefye chapter briefly outlines key
elements of the SEEA-Energy framework and its plache broader suite of statistical
information and conceptual frameworks on environalesind economic measurement.

The second chapter, “The SEEA-Energy frameworktlimes the key elements of the

SEEA-Energy framework and the accounting approasdgd.uMuch of the organising

principles and accounting rules used in SEEA-Enargydrawn from the SEEA Central

Framework. The chapter aims to describe the mapestyof accounts and the key
classifications used in SEEA-Energy. It also déssithe basic principles of accounting
for stocks and flows, the definition of economidtsrand the rules of recording and
principles of valuation.

An important aspect of SEEA-Energy that Chaptemasao highlight is the integrated
nature of SEEA-Energy with all of the different {sabeing founded within a common
accounting approach. The chapter concludes witbsarigption of concepts and building
blocks used in combining physical and monetary.data

The third chapter, “Physical flow accounts”, exphain detail the recording of physical
flows in SEEA-Energy. The different physical flovenergy from natural inputs; energy
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products; and energy residuals, are placed indime 6f a physical supply and use table.
Chapter 3 describes the boundary between the egoandhthe environment since flows
of energy products are considered to be ‘withindb@nomy’ while flows of energy from
natural inputs and energy residuals are, respégtivieom the environment to the
economy’ and ‘to the environment from the economy’.

In addition to the presenting the physical supplg ase tables which follow the general
structure of those in SEEA Central Framework, Cérat also describes the various
types of flows making up the physical supply and @& energy, including production,
consumption, changes in inventories and exportdrapdrts. Presentations to emphasise
the purpose of energy use are discussed. The clapteprovides a detailed discussion
of the relationship between energy statistics, gnéalances and energy accounts and
the use of bridge tables to link these presentstion

The fourth chapter, “Monetary accounts and combipegsentations” focuses on the
identification of economic transactions within tBBIA that are considered to be energy-
related. It presents a supply and use table forggneroducts, measured in monetary
terms.

Of particular interest within this chapter are #@nergy-related transactions with clear
significance for the environment. This includesi@as energy-related taxes, subsidies
and similar transfers and a range of other paymemdstransactions that are all recorded
in the SNA framework but are often not explicitidentified as related to the
environment.

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

The fifth chapter, “Physical energy asset accourigg€uses on the recording of physical
stocks and flows associated with mineral and enemppources. This chapter also
includes a discussion of the United Nations Franmkv@assificaton for Fossil Energy
and Mineral Reserves and Resources 2009 (UNFC-208fh is used to determine
which mineral and energy resources meet the SNhiteh of an economic asset. The
chapter presents a physical asset account withadledbdescription of the various data
items within the account. Many practical and comgajpmeasurement challenges that are
unigue to energy assets are discussed in chapéers 6.

The sixth chapter, “Monetary energy asset accoudgstribes the monetary valuation of
those mineral and energy resources considered tecbromic assets. It essentially
makes the link between physical asset accountgmiexs in Chapter 5 and the accounts
of the 2008 SNA. Monetary asset accounts are ptegemd the structure and principles
underpinning these accounts are described. Inclimdbis chapter is a discussion of
monetary asset accounts for assets related toetheration of energy from renewable
sources
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1.87 Chapter 6 provides a detailed example of the nesemt value (NPV) approach to the
valuation of mineral and energy resources and eudson on discount rates and other
factors important to the NPV approach.

1.88 The seventh chapter, “Presentation and use of g@eunts”, aims to build a bridge to
those people conducting specific research on eretgied environmental-economic
topics who could usefully employ SEEA-Energy datss@As such it takes a different
tone than the rest of the chapters by demonstrdimg analyses of energy-related
interactions between the economy and environmeglhiniie carried out. This is done by
presenting various extensions and techniques #drautlise the data of SEEA-Energy.
The chapter also introduces a range of indicatmasmay be compiled from the SEEA-
Energy dataset.
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Chapter 2: The SEEA-Energy framework

Introduction

The conceptual framework for ti8ystem of Environmental Economic Accounting for
Energy (SEEA-Energy) is a subsystem of tBgstem of Environmental-Economic
AccountingCentral FrameworkSEEA Central Framework) focusing exclusively on
energy. While the two frameworks are coherent, SEE&rgy gives further details
on issues of energy accounting as well as proviggislance on a number of
additional tables that can be of use to policymakeesearchers and the public at
large. This ensures that SEEA-Energy uses pringifib@t are consistent with the
2008 SNA. Data in SEEA-Energy can be used to assess things as changes in
energy intensity and decoupling of energy use fr@monomic production.
Importantly, it means that SEEA-Energy can inform igsues within the broader
context of integrated environmental economic actiogn for example how energy-
related issues relate to various environmentalgatan activities.

International Recommendations for Energy StatisfiBES) provides a basis for high
quality energy statistics by recommending data #tetm be collected and their
concepts and definitions, and classifications foergy statistics and balances. Basic
energy statistics collected using the recommendataf IRES can be used as a data
source for the compilation of the physical supphdaise tables in SEEA-Energy.
SEEA-Energy builds upon basic energy statisticpbgsenting an integrated set of
accounts that allow full accounting for energy-tethstocks and flows (in physical
and/or monetary terms) and by combining the prediems of these physical and
monetary data. It is underpinned by a systems ambravhich ensures that it achieves
full coverage without gaps or overlaps and thastdtistics within SEEA-Energy can
be related to each other.

The SEEA-Energy framework expands the conventiom@dnomic measurement
framework (the SNA), to incorporate flows betweehe teconomy and the
environment, and to highlight certain environmerdativities and expenditures not
shown explicitly in conventional national accouptesentations. The SEEA-Energy
framework also incorporates energy from naturattsgpoth inside and outside of the
scope of conventional economic measurement, andrdecstocks of mineral and
energy resources and changes in these stocks iower This chapter provides an
overview of the SEEA-Energy accounting structurel ats rules and recording
principles.

Section 2.2 provides an overview of the SEEA-Enefrgynework placing various
energy-related aspects of the economy and the @amwient into a coherent
framework. Using the broad framework describedSection 2.2, Section 2.3
presents the accounting structure of SEEA-Energichvis reflected in supply and
use tables, asset accounts, and functional accousdstions 2.4 and 2.5 describe
economic units and classifications respectively.
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Section 2.6 presents a range of specific accountitegs and principles that form the
basis of the recording and compilation of SEEA-Ejyemlccounts. Section 2.7
concludes the chapter by introducing combined predgmns of physical and
monetary data which is one of the key outputs ftaemSEEA-Energy framework.

Overview of the SEEA-Energy Framework
Introduction

This section provides an overview of the SEEA-EgyeFgamework discussing the
scope of the economy for the energy accounts. Betag provided on the definition
of national economy and the application of the dest principle. Moreover an
elaboration of certain measurement issues is ptesen

Scope of economy for energy accounts

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

The national economy is defined in accordance with concept of economic
territory. Economic territory is the area undereetfve economic control of a single
government (including the EEZ) and is the conceggduby the SNA and the SEEA
Central Framework. A national economy therefore pogses the set of institutional
units that are resident in an economic territo&mn institutional unit in turn is an
economic entity that is capable, in its own rigbf, owning assets, incurring
liabilities and engaging in economic activities dndransactions with other entities.
A resident of a country is an institutional unittivia centre of economic interest in
the economic territory of that country (residencegiple ). A unit is non-resident
if its centre of economic interest is not in theowomic territory of a country. In
general, there will be a large overlap betweenehasits that are resident and those
units located within the geographically defined bdaries of a country. For energy
accounts there are two important points relatetthiooverlap.

i.  Resident producing units may operate outside ofritagonal territory, for
example ships and aircraft, and fishing operationsternational and other
nation’s waters. In these cases they are consideragmain residents of
their national economy irrespective of their looatiof operation.

ii. Extraction of mineral and energy resources is abvapnsidered to be
undertaken by resident units. This is consistenthvihe SNA treatment
which states that an enterprise that undertakesaaiin is deemed to
become resident when the requisite licences areedssif not before (2008
SNA, paragraph 4.15).
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The SEEA-Energy geographic scope of the economg #iigns with the scope of
the economy as defined in the SNA and SEEA Cemramework, allowing a strong
alignment between flows in physical and monetaryngee However, this geographic
boundary is different from that commonly used fom& important energy related
statistics such as air emissions, energy statisticsenergy balances. Such statistics
are usually based on the territory principle whassigns flows to the country in
which the producing or consuming unit is locatedltet time of the flow. Where
these latter statistics are an information souocettie compilation of SEEA-Energy
accounts, adjustments to the data are likely todeded to account for differences in
geographic coverage. This is especially true fountries with significant
international transport operations, where markeffedince may exist between
energy accounts and energy balances for certaireggtes.

Figure 2.1 illustrates the principles for recordiegergy use according to the
territory principle and residence principle. Energpatistics and balances capture
operations in the national territory as designatedhe second row. In particular

energy statistics and balances include energy usede territory by resident units

and energy used in the territory by non-residenkschv includes energy products
used within the territory by transport equipmeneigied by non residents or foreign
entities. In contrast, SEEA-Energy aims to captaivity of residents (as

designated in the second column) regardless of rgpbic location. SEEA-Energy

includes energy products sold to residents, whetparating within the national

territory or abroad including energy products sedrérom bunkers (i.e. from stores
of inventories) located abroad and used by transgguipment operated by

residents.

Figure 2.1 Residence vs. territory principle for eergy use

Residents Non-residents

National territory

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

N

Sold to residents operating
Rest of the World abroad (tourists, transport
companies, etc.)

SEEA-Energy
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The measurement scope of the economy is generallinetl by the production

boundary. SEEA-Energy does not measure flows that @nsidered entirely

‘outside of the economy’. The production boundamfimes the scope of those
economic activities that are carried out under tomtrol and responsibility of

economic units and that use labour, assets andsgaodl services to produce outputs
of goods and services (collectively known as prasjuc

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

The economy can also be considered from the pelispeof economic assets.
Economic assets are stores of value which are ownddrom which benefits can be
derived over time; such assets have a monetaryevaloey provide capital inputs to
production processes and are a source of wealthetonomic units, including
households. Many economic assets are producedieilgings and equipment) but
many are non-produced, for example, mineral andggnesources.

The measurement of physical flows related to energy

A key focus of measurement in SEEA-Energy is the afsphysical units (joules) to
record flows of energy and energy-related materidlat enter and leave the
economy and corresponding flows within the econatsgif. In broad terms, energy
from natural inputdlow from the environment into the economy, enegpducts
circulate within the economy, and energy residuats energy losses and other
energy residuals — flow from the economy into thginment

From Figure 2.2 we see that energy may enter tlomauy as a natural input.
Alternatively, energy enters the economy througipoms of energy products from
the rest of the world.

For energy products a distinction is made betweemary energy products and
secondary energy products. Primary energy prodaretghe result of the removal or
capture of energy from natural inputs from the eowinent. In Figure 2.2 we see
that once energy from natural inputs have beenaetdd they become energy
products and are delivered to economic units fa wihin the economy. Primary
energy products include heat and electricity preduby harnessing energy from
renewable sources from the environment (for exaraplar or hydropower).

Secondary energy products result from the transéition of primary or other
secondary energy products into other types of gnergducts. Examples include
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petroleum produced from crude oil, electricity puodd from fuel oil and charcoal
produced from fuel wood.

Energy products may be used directly for fuelsythey be converted into other

energy products or they may be exported to theaktte world. However, in some

cases, energy products may be used to produce mengheproducts such as plastics
or lubricants. Further, some energy products aoeyced from inputs which are not
normally considered to be energy products, foransé, energy produced from the
incineration of waste, and crops transformed intduels.

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

Figure 2.2 Physical flows of energy

National territory \

Energy from natural inputs
and imports

Rest of the world
territory

Rest of
the world economy Non-residents

2 on national

(EC‘:‘_“_O_'“'C territory
activities

by non-residents)

&N

\\
\m ports :

National economy
Residents on
rest of the {economic activities
world territary by res:dents)
use of energy
- by industries
and households
\/ \ remduals J

DALY 2 'b Flows between the environment and the economy

removal and*%tapture of energy
-

—p  Flows within the economy

Energy products used as fuels are subjected to gsiiom or fission in order to
release the stored energy. These processes ammpacied by an output of residuals
in the form of solid waste such as fly ash and skxgissions of greenhouse and
other gases, and evaporation of water, and soldwse residuals are represented by
the dotted line in Figure 2.2 going from the nadibeconomy to the environment.
The solid waste from energy combustion is usedeeifs inputs into the production
of products (for example, fly ash may be used i@ pinoduction of plasterboards;
energy content of residual might be unknown) os iaccumulated in waste disposal
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sites. In some cases, waste may be exported & otuntries, just as some may be
imported into the economy in reference.

Energy residuals flow from the economy to the emwinent. Examples of energy
residuals include: mineral and energy resourcesdosng the process of extraction
(such as flaring of natural gas during extracticgnergy lost between the point of
extraction/supply and a point of use (for exampédectricity lost from the
distribution network into the environment); lossdaring storage (for example
leakages of energy products such as LNG duringag®r and losses occurring
during transformation, such as occurs when coasexl to generate electricity.

Flows within the economy include flows between tiadional economy and the rest
of the world, as seen in Figure 2.2. Since theomati economy is defined in terms of
the activities of resident units, a one-to-one tieteship does not exist between the
national economy and the national territory. Soofethe flows to the national
economy may take place on foreign territory and edlows on the national territory
may relate to activities of foreign units. Sucbwk are often related to international
transport activity and tourism, and their treatmisrdescribed in Chapter 3.

The measurement of energy from natural inputs

The use of certain natural inputs such as coahbyeconomy is linked to changes in
the stock of assets that generate those inputsotimg for energy from natural
inputs in both physical and monetary terms is apdrtant feature of SEEA-Energy.

SEEA-Energy includes as environmental assets miirsgrd energy resources such
as coal, oil, natural gas and uranium ore to theergxthat they are able to bring
benefits to humanity. Timber and cultivated biomass are also include&HEA-
Energy in so far as they are used in energy praaluctChapter 5 of the SEEA
Central Framework provides extensive guidance endéfinition of environmental
assets and the principles of asset accounting.

An overview of the measurement of mineral and epeegources including various
individual components is presented in Chapter SBEA-Energy.

Other energy-related stocks and flows

In addition to the measurement of stocks of mineratl energy resources, and
energy-related flows between the environment ardettonomy, the SEEA-Energy
framework includes certain other energy-related neooic stocks and flows.

Examples of other energy-related economic stockksflows include inventories of

energy products and produced assets used in thacdgnh of mineral and energy
resources and in the generation of energy prodesenditures to decommission
power plants, and taxes and subsidies designedhdaoge the amount and type of
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energy used. These types of flows are becominge&asingly important tools in
achieving energy-related environmental policy objess.

Main accounts and tables of SEEA-Energy
Introduction

SEEA-Energy organises and integrates the informatio the various energy-related
stocks and flows of the economy and the environmen& series of tables and
accounts. SEEA-Energy utilises the following typafs tables and accounts: (i)
supply and use tables showing flows of energy fratural inputs in physical terms,
products in physical and monetary terms and ressdumaphysical terms; (ii) asset
accounts for mineral and energy resource in physind monetary terms showing
the stock of resources at the beginning and endach accounting period and the
changes in the stock; and (iii) accounts showingergyrelated stocks and
transactions. In addition, functional accounts nb&yprepared to highlight certain
economic activities undertaken for environmentatppges. A range of additional
data may be introduced into these tables and a¢gspuncluding population,
demographic and employment information relevanthi analysis of energy-related
issues.

The strength SEEA-Energy framework comes from «ipstly applying definitions

for stocks and flows across different types of ggefrom natural inputs - defining
the different economic units and locations in tlzene way; and using common
classifications for physical and monetary accounts.

The compilation of energy accounts using SEEA-Ewemdpes not require

completion of every table and account. SEEA-Enecgy be implemented in a
modular way taking into account those aspects efdghvironment and the energy
situation that are most important to a countrytifd same time the ambition should
be to fully account for the environment-economi@myy structure within a country
and to provide information on energy-related issakgational and global concern
using a common measurement framework.

This section introduces the different tables the¢ part of the SEEA-Energy
framework and shows the nature of their statisticd the integration between them.
The explanation is stylised, as the reality of aste compilation is more complex,
but the basic logic and intent of the approach &xged in this section applies
throughout SEEA-Energy.

Supply and use tables

Physical supply and use tables (PSUT)

Physical flows are recorded in SEEA-Energy by cdmgisupply and use tables in
physical units of measure. These tables are conyriomown as physical supply
and use tables, or PSUT. PSUT are used to assessam economy supplies and
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uses energy products and can also be used to exachenges in production and
consumption patterns over time. In combination wi#tta from monetary supply and
use tables, changes in productivity and intensitghe use of energy from natural
inputs and the release of residuals can be examined

The physical supply and use table is an accountimgstruct for compiling and
presenting all energy flows that enter, leave amné ased within the national
economy of a given country for a period of time.ndcessarily expresses energy
flows in a common unit (joules) and shows the ietethip between inputs to and
outputs from energy transformation processes. Tysipal supply and use table for
energy aims to be comprehensive and records atggritows within the economy
and between the economy and the environment.

Table 2.1 provides an introduction to PSUT. Thare a range of additions and
refinements that are required to this basic PSUdoteer all relevant flows of natural
inputs, products and residuals. These are explaimgreater 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 extensionsntmorporate rows for energy
from natural inputs and energy residuals.

The column for Government does not appear in theTP®r energy because, in
physical terms, government activity is completelcorded within the second
column, industries. The column for Households edapurely to the consumption
activity of households. Many households also uraderta range of production
activity including the collection of fuelwood antieé generation of energy through
the use of solar panels, etc. All of this productaxtivity and the associated natural
inputs and residuals are recorded in the columdustries’.

The supply and use identity applies within the PSidim energy. Thus as shown
below, for each product measured in physical teffimsexample joules of coal) the
guantity of domestic production (output) and impgoittotal supply of energy
products) must equal the consumption (both inteiatedand final), changes in
inventories and exports (total use of productshe €quality between supply and use
also applies to the total supply and use of natumalits and the total supply and use
of residuals.

Total Supply of Energy Products@utput + Imports
is identical to

Total Use of Energy Products latermediate consumption + Household Consumption +
Changes in inventories + Exports

Physical energy flow accounts are a special caseaasubset of the physical flow
accounts of the SEEA Central Framework. Physicargy supply and use tables
may be compiled first by using original mass antlure measures such as tonnes,
litres and cubic metres or units specific for eyerguch as Sm3 (standard cubic
metres). However, because it is useful to measuergy from natural inputs and
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energy products by their calorific energy conténis recommended that accounts use
a common energy unit of Joules.

Table 2.1 Basic form of a Physical Supply and Useable for Energy

SUPPLY TABLE

Energy from
natural inputs

Households Accumulation | Rest of the Environment Totals
World

Industries

Energy inputs Total supply of
from the energy from

environment natural inputs

Energy Output Imports Total supply of
products energy products
Energy Energy residuals| Energy residuals | Energy Energy residuals | Energy residuals | Total supply of
Residuals generated by generated by residuals from | received from the | recovered from thg energy

industry household accumulation | rest of the world environment residuals

consumption

USE TABLE

Industries Households Accumulation | Rest of the Environment Totals

World

Energy from Extraction of
natural inputs | energy from

Total use of
energy from
natural inputs

natural inputs

Energy Intermediate Household Changes in Exports Total use of
products consumption consumption inventories energy products
Energy Collection & Accumulation | Energy residuals | Energy residual Total use of
residuals treatment of of energy sent to the rest of | flows direct to energy residuals
energy residuals residuals the world environment
2.38 The SEEA-Energy framework includes additional tabtéempared to SEEA Central

2.39

2.40

Framework which follow the general supply and userat, but which introduce a
range of features specific to energy accounts. &uwh additional SEEA-Energy
table is a use table showing the purpose for wiiehenergy product is used, for
example, for transport, heating, etc., and for otkaergetic and non-energetic
purposes.

Three additional SEEA-Energy tables focus on a)dingply of primary energy and
imports; b) the conversion of energy; and c) theé ese of energy. The latter presents
energy use without the gross recording of energiclviis a general feature of the
standard supply and use tables. This arises fhaniniclusion of both primary energy
(for example, coal) and converted energy (eledyicithe latter being the result of
primary energy used by energy supply industriehe $pecific presentation of the
energy flows and the split between supply of primamergy, energy conversion and
end use of energy is similar to the presentatioersdrgy flows in energy balances
according to IRES.

In addition to the supply and use identity, the FSlidcorporates an identity
concerning flows between the environment and treney. This second identity,
known as the input-output identity, requires thme total flows into the economy (for
example in the form of natural gas extracted froatural deposits) are, over an
accounting period, either used in production preees consumed by final users,
accumulated in the economy or returned to the enwirent. The input-output identity
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also applies at the level of households and in@asstrSince natural inputs are
transformed and combined in a wide variety of wagd multiple times, recording a
full balance is difficult to achieve in practice.

Energy into the economy Energy inputs from the environment + Imports reEgy
residuals received from the rest of the world + fyeresiduals recovered from the

environment

is equal to
Energy out of the economyEnergy residual flows direct to environment +HBxs +
Energy residuals sent to the rest of the world

plus
Net additions to stock in the economyhanges in inventories + Accumulation of energy

residuals

Monetary supply and use tables

2.41 The basic form of a Monetary Supply and Use TablkeHEnergy is shown in table
2.2. Monetary supply and use tables in SEEA-Endtdly articulate in monetary
terms the flows of energy products in an economyvben different economic units.
Monetary supply and use tables have their origimgdonomic accounting and the
PSUT utilise the organisational principles and eleteristics of these tables.
Nevertheless, while the PSUT for energy contairegehmain types of flows i.e.
energy from natural inputs, products and residutile, monetary supply and use
table for energy records only those flows relateénergy products.

Table 2.2 Basic form of a Monetary Supply and Use dble for Energy

Industries Households Government Accumulation  Rest of Total
the world

Supply table
Energy products Output Imports  Total supply
Use table
Energy products  Intermediate Household final Government final Changesin Exports Total use

consumption  consumption consumption inventories

expenditure expenditure
Value added

2.42 Monetary supply and use tables for energy providlectural information on the
energy sector and the level of activity in thisteec They also provide detailed
information on the industries within the economyatttare using these energy
products. Monetary supply and use tables for gneem readily be integrated with
PSUT for energy to create a powerful analytical.too

2.43 Chapter 4 provides greater detail on the orgaraeati structure of monetary supply
and use accounts for energy, as well as the fl@esrded and aggregates contained
in these accounts. Full details on the definitiafsthe different variables that
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comprise the monetary supply and use tables amided in Chapter 14 of the 2008
SNA.

Classifications for supply and use tables

2.44 In the compilation of supply and use tables in bplilysical and monetary terms, an
important factor is the use of consistent clasatfians for the main economic units
and products. In SEEA-Energy, industries are caestly classified using the
International Standard Industry Classification off Aconomic Activities (ISIC),
energy products are consistently classified ushey $tandard International Energy
Classification (SIEC) and the determination of wiegtparticular economic units are
within a particular national economy is based oa¢bncept of residence.

2.3.3 Asset accounts

2.45 The intent of asset accounts is to record the oygeand closing stock of assets and
the various types of stock changes over an accogipériod. In SEEA-Energy asset
accounts are compiled only for mineral and eneapourced.A key motivation for
accounting for mineral and energy resources issgess whether current patterns of
economic activity are depleting and/or degradingilable mineral and energy
resources. More broadly, information from assebaots can be used to assist in the
management of energy from natural inputs.

2.46 Mineral and energy resources within SEEA-Energylude known deposits of oil
resources, natural gas resources, coal and peairoes, and uranium and thorium
resourced, including those with no present economic value. guch, they are
defined more broadly than in the 2008 SNA whichludes only those inputs
meeting the definition of an economic asset.

2.47 An asset account is generally structured as showiable 2.3. It starts with the
opening stock of resources and ends with the apsinck of resources. In physical
terms, the changes between the beginning and ttiekthe accounting period are
recorded as either additions to the stock or redostin the stock and wherever
possible the nature of the addition or reductiomeisorded. In monetary terms, the
same entries are made but an additional term Isdied to record revaluations to the
resource stocks. This entry accounts for changethéenvalue of assets over an
accounting period due to price movements for tiseueces.

2 SEEA Central Framework provides guidance for cdimpiasset accounts for timber.

% In SEEA Central Framework, mineral and energy resgmlinclude known deposits of oil resources, @étgas
resources, coal & peat resources, non-metallic raiseand metallic minerals. In SEEA-Energy minenadl energy
resources are restricted to those resources ratagtergy production.
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Table 2.3 Basic form of an asset account

Opening stock of resources

Additions to stock of resources
Growth in stock
Discoveries of new stock
Upwards reappraisals
Reclassifications

Total additions to stock

Reductions in stock of resources
Extractions

Normal loss of stock
Catastrophic loss
Downwards reappraisals
Reclassifications

Total reductions in stock

Revaluation of the stock of resources *

Closing stock of resources
* Only applicable for asset accounts in monetarmte

Other changes in environmental assets are causedhabyral phenomena, for

example, an earthquake causing the collapse anddahaent of a mine. Some

changes between the opening and closing stock are purely accounting in nature

and reflect changes due to improved measuremerdpgraisals) or due to

differences in the definition or composition of tlsset (reclassifications). The
reassessment of the size and quality of oil resmiis an example of a reappraisal.
Reclassifications are recorded when for exampleirgeral and energy resource is
reclassified as another type of mineral and eneeggpurce.

Asset accounts can be compiled for individual typ#s mineral and energy

resources. However, in monetary terms, there maynteest in aggregating the

values of all mineral and energy resources at tbgirming and end of the

accounting period. Such aggregations can be preddentbalance sheets alongside
the value of various other assets (e.g. producsetasnd financial assets).

Energy from renewable sources presents a specs® athat renewable sources
used in the generation of energy cannot be exhdustea similar manner to non-
renewable natural inputs such as oil. In SEEA-Carfiramework the value of the
renewable source is in general included as pathefvalue of associated land (for
solar, wind, wave and tidal and geothermal) or wétgdro). The treatment of asset
accounts for assets related to the generation efggnfrom renewable sources is
further discussed in Chapter 6.

The capacity to account for levels of mineral ameérgy resources and changes in
these levels, and to analyse the state of thesgsns a fundamental role of SEEA-
Energy. There are however many conceptual and ipehecheasurement challenges,
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often unique to particular energy assets. Thesesarement issues are discussed in
detail in SEEA-Energy Chapters 5 and 6.

The connections between supply and use tables sset accounts

The different tables of SEEA-Energy are compilea fiifferent purposes and

highlight different aspects of the relationship vee¢n the economy and the
environment. At the same time, there are closeslihktween the supply and use
tables and the asset accounts, such as the inclog§ifiows of energy from natural

inputs in both accounts.

The opening and closing stocks for a given peripplear in the asset account. Some
components of the changes in the stocks also appehe supply and use tables, for
example, gross capital formation and extractiorenérgy from natural inputs are

included in both tables. Some aspects of changestoicks are not recorded in the
supply and use tables and these are labelled ‘aih@nges in assets’. Examples of
such changes include discoveries of mineral andggneesources, losses of energy
from natural inputs following catastrophic natuealents and, within the monetary

accounts, changes in the values of mineral andggneesources due to price

changes.

Specific-purpose accounts

While monetary supply and use tables can be usemtganise and present certain
types of energy related transactions of particuddevance to the environment, such
transaction within supply and use tables usuallyuiee additional disaggregation
because the conventional industry and product ifleasons do not necessarily
highlight environmental activities or products.

By highlighting energy related activities and prothy information can be presented
on the economic response to environmental issuasicBlar items of interest could

include energy-related subsidies and taxes; traimsecrelated to tradable permits to
emit carbon; and expenditures to decommission mugewer plants.

The construction of specific-purpose accounts arsdoeated information is
discussed further in Chapter 4.

Economic units
Introduction

In addition to defining various stocks and flowketkey component in accounting
for the interaction between the economy and theérenment is the definition of the
units involved.

For SEEA-Energy, the units involved are economiitsumwho interact with each
other and that are able to make decisions aboupthduction, consumption and
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accumulation of goods and services. They are dladsin different ways depending
on the type of analysis being undertaken. The fadfukis section is a description of
these economic units. The section also provideseudsion on reporting units for
statistical purposes. In this context, both ecomommits and ‘units’ within the
environment — for example mineral and energy deppare relevant notions.

Institutional sectors

The starting point for considering economic uniss d focus on the purposes,
objectives and behaviours of individual economidtainnstitutional units are those
individual economic units that are capable of ovgnassets, incurring liabilities, and
engaging in transactions and other economic a@#vitvith other economic units.
These institutional units may be either househabdsegal or social entities (such as
corporations) that are recognised independentlyhef people that own or control
them. Groupings of units that are similar in thairposes, objectives and behaviours
are defined as institutional sectors.

SEEA-Energy, consistent with the SEEA Central Fraoix and SNA, recognises
five institutional sectors: households, non-finahcicorporations, financial
corporations, general government and non-profititunsons serving households
(NPISH). Although important in the context of th&l&, the distinction between
non-financial and financial corporations is fardesgnificant in SEEA-Energy and
hence, generally, these are presented as one s€mgoorations. The 2008 SNA
Chapter 4 defines and describes the differentturtgtnal sectors in detail.

Enterprises, establishments and industries

An enterprise is the view of an institutional uag a producer of goods and services.
Enterprises undertake production in a range ofedfit ways including as profit
making businesses, as a part of household actimitys part of the function of
government. Importantly, an enterprise can owntassed acquire liabilities and has
the capacity to engage in transactions and othenaic activities with other
economic units.

An enterprise may be comprised of one or more &stabents and hence may be
located across multiple locations within a singtereomy. An establishment is a unit
situated in a single location and within which ordysingle type of productive

activity is carried out or within which a single goluctive activity (the primary

activity) accounts for the majority of the valuedad.

The ability to define and observe establishment$ emterprises and determine the
types of goods and services they produce is at hbart of supply and use

accounting. Meaningful analysis can be undertakénam aggregate level by

grouping units that undertake similar types of protd/e activity and by grouping

goods and services that display similar charadtesis
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In SEEA-Energy, as in the SEEA Central Framewort tre SNA, the groupings of
establishments that undertake similar types of petigde activity are referred to as
industries. Within SEEA-Energy, establishments @dessified into industries using
the International Standard Industrial Classificatiof All Economic Activities
(ISIC). Industries cover, broadly, agriculture, mmig, manufacturing, construction
and services — the latter including electricitys gsteam and air conditioning supply
services. Ideally, an industry is composed of ldi&ghments that undertake the same
activity and only that activity — i.e. the groupisgould be homogenous. In practice,
many establishments undertake a variety of actisibiut have a primary activity that
can be used to assign a specific industry clasthfirestablishment.

In both physical and monetary terms the productiod use of goods and services
within establishments are referred to as ‘own-aotoactivities. In the SNA, own-
account activity covers activity relating to eithigmal consumption or investment
undertaken by the economic unit (own account fusd). The SNA does allow the
possibility of recording separately some own acd¢ouintermediate use activity,
described as ancillary activity, but this is lindteo a specific set of activiti€'s.

For some purposes of environmental and economioueting, it may be relevant to
identify the secondary activities of an establishinand also activities undertaken
within an establishment but where output is notdstd other units. This is

particularly the case in accounting for physicamfs of energy where measuring all
transformations of energy products is likely to bé interest. Generally, the

recording of physical flows internal to establishnteeis only undertaken in specific
circumstances. However in some cases there mayds gpterest in these types of
flows, for example, there is considerable inteiestogeneration of energy within
business sites using heat recovery steam generators

In the compilation of functional accounts, it mag lbelevant to identify the
secondary and other activities of establishmenes #re being undertaken for
environmental purposes such that a complete deguripf relevant activity can be
made. An example of such activity is the use ofigouent designed to remove
sulphur dioxide from coal. For the compilation afmttional accounts on energy-
related activities and flows, SEEA-Energy aims ¢éparately identify these types of
activities and flows.

A particular area of own-account activity in botlmygical and monetary terms
concerns households. The activities of househaldfpotential interest in SEEA-
Energy, for example, in informing of household wfecertain energy from natural
inputs e.g. collection of fuel wood; or the usesofar panels sited on houses. As in
the SEEA Central Framework where such activity igni§icant, it is recorded
together with that of industrial units undertakithg same activity.

* See 2008 SNA Chapter 5.
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The discussion of economic units in this sectior fecused on the ability of these
units to operate within an economy as active pigitts. In statistical terms, these
units are often also the focus of measurement @s of observation or reporting
units. Depending on the structure of informatioithim a country, economic data
are likely to be available for most types of ecomonunits particularly for
enterprises and, in some cases for individual éstahents. However, since the
ownership structures of enterprises can vary siganitly and since some enterprises
may produce a range of different products, matchimg conceptual model to the
information available may not be straightforward.

In the physical supply and use table of SEEA-Endhgyenvironment is added as an
additional column alongside industries, househaldd the rest of the world. This

reflects the importance of recording flows betwedme economy and the

environment. Nevertheless, in SEEA-Energy the mmment is not considered an
additional type of unit akin to economic units. tRex, the environment is seen as
passive with decisions regarding the supply of ratunputs to the economy and the
receipt of residuals from the economy being madednnomic units.

At the same time, the collection of information abthe environment, particularly
as it concerns environmental assets, requires derstion of appropriate
environmental reporting units for statistical pusps. These reporting units reflect
the parts of the environment about which statistiesy be collected and presented,
for example, mineral and energy deposits. In maages, it will be possible to align
the environmental reporting unit and an associatshomic unit.

Classifications
Introduction

The SEEA-Energy framework covers a range of disegd and therefore utilises a
number of classification systems ranging from thesth an essentially physical

focus to those typically used for economic accouSB8BEA-Energy is a subsystem of
the SEEA Central Framework and its defining chagastic is its specific focus on

energy-related flows and stocks — in both physigal monetary terms. It is

therefore important how SEEA-Energy defines andsifées the various stocks and
flows of energy included in the framework.

It is important to know those industries that ardra&cting mineral and energy
resources; producing and using energy products; wmdertaking energy-related
transactions. The classification of industrieghierefore important. This section
starts by describing the basic structure of theerimtional Standard Industrial
Classification of All Economic Activities (ISIC) a&nhpresents a more detailed
correlation between various mineral and energy uess and the industries that
typically extract them.
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This section also introduces the classificatiorenérgy from natural inputs. These
inputs are discussed more fully in Chapter 3 arel dosely related to the energy
products arising from these inputs. In turn, thefindtion and classification of
energy products is of fundamental importance to SHaergy since this essentially
determines the scope of this framework. SEEA-Eynemgd IRES use identical
notions and classifications of energy products &b eut in the Standard
International Energy Product Classificatigi®IEC). From an analytical viewpoint,
there is great interest in knowing whether energydpcts are primary or secondary
in character. There is also considerable inteiestvhether these sources are
renewable or non-renewable. Therefore, a discussifoprimary /secondary and
renewable/non-renewable energy products appeaosvbel

Classification of industries
Industries

Industries are groupings of establishments engagé¢ide same, or similar, kinds of
activities. An establishment is assigned to an &tduaccording to its principal
activity, i.e. the activity whose value added exdsthat of any other activity carried
out within the same establishment. An establishmaal in addition carry out
secondary activities for own use, or for deliverytside the establishment or
ancillary activities. Steam, for instance, may freduced by a steelworks from
surplus heat as secondary activity and a manufiacilgompany may, for instance,
produce electricity for own use as an ancillaryhaut.

The classification of industries in SEEA-Energyldels the International Standard
Industrial Classification of All Economic Activitg ISIC, Revision 2

ISIC includes all the relevant economic activities describing the removal or
capture of energy from natural inputs, and the sfamation and distribution of
energy products. These activities mainly take plagéhin the following 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 rassuas grincipal activity are
included in ISIC Section B, Mining and quarrying.he section is further divided
into the following divisions:

« ISIC Division 05 - Mining of coal and lignite

» ISIC Division 06 - Extraction of crude petroleundamatural gas

® The following description of the industries is bdn the description of ISIC rev. 4,
http://unstats.un.org/unsd/cr/registry/regcst. &p27&Lg=1
® Specifically this division includes hard coal, seituminous coal and lignite.
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» ISIC Division 07 - Mining of metal ores
* |ISIC Division 08 - Other mining and quarrying
* ISIC Division 09 - Mining support service activisie

2.79 These industries also carry out certain supplenngrtetivities aimed at preparing the
crude materials for marketing, for example, crughigrinding, cleaning, drying,
sorting, concentrating ores, liquefaction of natugyas and agglomeration of solid
fuels.

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

2.81 Some of the technical operations of mining and g, particularly related to the
extraction of hydrocarbons, may also be carriedfoutthird parties by specialized
units as an industrial service. Such servicesrakided in Division 09 and represent
specialized support services incidental to miningvjgled on a fee or contract basis.
It includes exploration services through traditibpeospecting methods as well as
drilling. Other typical services cover constructiof oil and gas well foundations,
cementing oil and gas well casings, draining anehping mines, overburden removal
services at mines, and so on.

2.82 Section B excludes the processing of the extractederials (which is included
instead in Section C - Manufacturing), separate gieparation activities for mining
(see Class 4312) and geophysical, geologic andm&eisurveying activities
(included in Class7110).

2.83 The ISIC divisions are further subdivided into Gpswand Classes on the basis of
the principal mineral produced. Table 2.4 linksdfie mineral and energy
resources to the ISIC industries which undertaleeetktraction activities for these
specific resources.

Table 2.4 Mineral and energy resources and industeis extracting them

Mineral and energy resources (SEEA-Energy ISIC Groups and classes within Section B
classification, cf. Chapter 3)

Oil resources 061 — Extraction of crude petroleum

Natural gas resources 062 — Extraction of natural gas

05 - Mining of coal and lignite; 0892 - Extraction

Coal and peat resources
of peat

Uranium and thorium ores 0721 - Mining of uranium and thorium ores

Industries capturing energy from renewable sources

2.84 Energy from renewable sources is recorded as adiiomputs of such sources to the
economy equal to the actual output produced. Thieidtry capturing this energy
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then records a produced output (same as the imptite form of an energy product,
for example electricity. Accordingly, the use taliteen records the use of this
electricity product.

The principal activities of capturing heat and #lietty from renewable sources, i.e.
as primary energy, are included in ISIC Section BcHicity, gas, steam and air
conditioning supply. More specifically Class 351Qed&ric power generation,
transmission and distribution include the operati@in generation facilities that
produce electricity including thermal energy, whidass 3530 - Steam and air
conditioning supply include production of steam drat water for heating, power
and other purposes.

Further discussion of industries involved in extiac and production of energy

Within ISIC C, Division 19 Manufacture of coke argfined petroleum products is
of specific relevance in relation to the producta@frenergy products. It is further
subdivided into the following Groups:

* ISIC Group 191 — Manufacture of coke oven products
e ISIC Group 192 — Manufacture of refined petroleuodoicts

These industries transform crude petroleum and delwered from ISIC Section B
Mining and quarrying into other energy productsheTdominant process is typically
petroleum refining, which involves the separatiof cude petroleum into
component products through techniques such as iogekd distillation, and results
in the manufacturing, for own account or sale, odducts such as coke, butane,
propane, petrol, kerosene, fuel oil etc. Provisibmprocessing services (e.g. custom
refining) are also included. Petroleum refinerieaynalso produce petroleum based
gases such as ethane, propane and butane.

The enrichment of uranium and production of eleradgntallow the use of uranium
in nuclear reactors takes place in ISIC Class 2@ahufacture of Basic Chemicals.

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

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

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

* ISIC Group 353 - Steam and air conditioning supply

These industries provide electricity, natural gagam and hot water through a
permanent infrastructure (network) of lines, maamsl pipes. Also included is the
distribution of electricity, gas, steam, hot waterindustrial parks or residential
buildings. The operation of electric and gas ti&§, which generate, control and
distribute electricity, gas and steam is also idell
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These industries produce secondary energy by ctingesther energy products, but
in addition they produce, as described above, psmimenergy by capturing, for
instance, energy from sun and wind, and produclagtecity and heat from it.

Note that the separate ISIC classification of elegpower (ISIC Group 351) and

steam (ISIC Group 353) is artificial, when it com@sunits generating combined

heat and power (CHP). The output of electricity aheat can be measured
separately, but the inputs of energy products fer CHP process have to be split
based on assumptions. As a default option the smplenergy products for the CHP
process may be split based on reference valuesefparate production of heat and
electricity.

Other industries involved in extraction and prodoctof energy

While the bulk of energy products are imported oyduced by the abovementioned
industries, other industries may in principle be&adlved in the capture of energy
from natural inputs. Moreover, it is not unusuattiother industries are involved in
the production of energy products (such as eldttricr heat) as a secondary or
ancillary activity.

The starting position for recording such activitigsthat such activities should be
assigned to the industries actually carrying tham oFor instance, electricity and

heat produced in relation to incineration of wastteuld be recorded as the result of
activities of ISIC Class 3821 - Treatment and dssgioof non-hazardous waste.
Nevertheless, it should be observed, that in praaiften a reallocation of activities

in such industries as agriculture, constructioadér and energy supply take place
when the national accounts are set up. This requinat data from basic statistics
regarding secondary activities in industries bendfarred to the relevant primary

industries when the data are entered into the gugpd use tables.

Therefore it may be necessary to make a simildtoeation of the flows of energy
products in order to ensure consistency with th&onal accounts. If such a
reallocation is made the result is that the sugphle becomes sparse in the sense
that all industries must be shown but that moswvélare concentrated into a small
number of industry columns (i.e. those industriesatibed in the previous sections).

In addition to the core activities of extractingdaproducing energy products by the
abovementioned industries, supplementary activittee carried out by other

industries. Examples include transport activisesh as long-distance transport of
gas through pipelines, or transport of energy pctslby ships, trains and trucks
carried out by ISIC Section H Transportation aratage.
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Energy from natural inputs

The classification of energy from natural inputs type (Table 2.5) is used in the
supply and use tables in order to show the flowsrarious energy from natural
inputs to the economy. It is also used in the taaseounts to show the various types
of mineral and energy resources held within theneawy. This supports one of the
aims of physical supply and use tables for enengynely, the presentation of a full
correspondence between the recording of energyectffows and stocks.

Table 2.5: Energy from natural inputs

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

The classification of energy from natural inputeyides a classification biype of
resource and is based on the purpose of the nahpats. At the top level the three
types of energy from natural inputs are naturabuese inputs, inputs of energy
from renewable sources and other natural input@rdéier to make an assessment of
whether mineral and energy resources are also eticrassets it is also necessary to
assess ‘quality’ and ‘knowledge’ aspects of thessources. Consequently, the
classification of mineral and energy resources tedclosely related determination
of ‘economic’ mineral and energy resources arewudised more fully in Chapter 5.

When energy from natural inputs are removed oraexéd from the environment
and subjected to production processes, the resudtaput typically takes the form
of an energy product.

42



254

2.100

2.101

2.102

2.103

2.104

2.105

Classification of energy products
Energy products

IRES states that energy products relate only teghmroducts exclusively or mainly
used as a source of energy. Such products inéodegy in forms suitable for direct
use (e.g. electricity and heat) and energy prodwdisch release energy while
undergoing some form of conversion (e.g. coal fambustion, etc.). By
convention, energy products include biomass andevgsther solid or liquid) that
are converted for the production of electricity amcheat (IRES, 2011, 2.B)

This definition of energy product emphasizes the afthe product instead of its

physical characteristics. Within the IRES defioitiof energy products, the qualifier
mainly should be noted, since even if a product is ndgmeharacterized as an

energy product, it might still be used for non-eepurposes. Similarly, many

products which are not normally perceived as engrggucts may be to some extent
used as a source of energy. In SEEA-Energy, thpesobenergy products is defined
in view of the purpose of the product.

For a product such as crude oil by convention,ftlleamount of its use is normally
described as an energy product in SEEA-Energy.s Thbecause it is mainly used
for energy purposes, even though crude oil canseel @ior non-energy purposes, e.g.
to produce plastics. In the SEEA-Energy accountBstinction is therefore made
between use of energy products for energy purpasésion-energy purposes.

Wood can be used as fuel wood or for other purpaaesh as for building materials
and pulp and paper. To the extent that wood isused for energy purposes, it is
excluded from the energy accounts; while the paeduas fuelwood is included
among energy products in SEEA-Energy accounts.

As a further example, corncobs can be burned tdywe heat; they can be used in
the production of ethanol-based biofuels; or thegn dbe consumed as food.
Although, it might be argued that corncobs usethaproduction of biofuels should

be regarded as a source of energy, according t& [fREy should not be included as
energy products. Only those corncobs used for cmtidn are included as energy
products (IRES, 2011, 2.11). This conclusion arid@ectly from the use of the

distinction between primary and secondary energydpcts — a distinction that is

important for analytical purposes and discussedenfiolty below.

Thus, those corncobs used for combustion are terpredary energy products,
while the heat or electricity resulting from thi®nobustion is classified as a
secondary energy product. Biofuels made from aolbsc are, however,
characterized as a primary energy product and tbexeall inputs used for the
production of such biofuels fall outside the scomé energy products.

"IRES is currently being revised and this paragnajihbe updated once the IRES revision is complete
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Primary and secondary energy products

Primary energy products result from the removatapture of energy from natural
inputs from the environment. When energy from ratinputs has been removed it
typically becomes an energy product and it is agkd from extracting industries to
other parts of the economy. Biofuels, heat andgnproduced by capturing energy
from renewable sources from the environment (eydrdpower, solar and wind) are
included as primary energy products.

Secondary energy products result from the transéition of primary or other
secondary energy products into other types of gnergducts. Examples include
petroleum produced from crude oil, electricity puodd from fuel oil and charcoal
produced from fuel wood.

Note that electricity and heat may be producedeeitas primary or secondary
products. If heat is captured directly from theviemnment through solar panels or
from geothermal reservoirs it is considered to Ipgimary energy product. If heat is
produced from other energy products such as caadrelectricity it is considered
to be a secondary energy product. For electrisityjlar distinctions apply.

Renewable and non-renewable energy from naturaltsp

Energy products can be obtained from both renew@bbte solar, biomass, etc.) and
non-renewable (e.g. coal, crude oil, etc.) energynfnatural inputs. It is important
for both energy planning and environmental concetasdistinguish between

renewable and non-renewable energy from naturalt;pas well as to distinguish
between non-depletable inputs (such as solar) aptethble renewable inputs such
as biomass.

The notion of renewability involves energy from wal inputs that can be
replenished for an indefinite time period. InW&rious forms it derives directly or
indirectly from the sun, or it is generated witlitre earth. It includes solar energy,
wind energy, geothermal energy, wave and tidal gnerydropower and biofuels.

References to renewable energy inputs might alstudie the requirement that the
energy from natural inputs should be replenished &ite comparable or faster than
its rate of extraction. Related to this requiretrisrthe question of whether the input
underpinning and providing the energy product isaam-depleting factor such as
wind and solar energy, or whether it relies on alical renewable input such as a
forest.

For cyclical renewable inputs, time and appropriagnagement have a role to play
in the replenishment of these inputs. For thesergninputs the re-growth and
reproduction takes time. If a renewable energyuin used too rapidly, for

example, under circumstances where forests areehe more rapidly than they are
re-growing, they cannot provide energy for an imi&é period of time. Hence,

proper management of a potentially renewable inguch as a forest, could be
considered necessary to uphold the ‘renewableustat the input.
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In contrast, for renewable energy from natural isptelying on non-depletable
inputs, ongoing energy production depends largelythe capacity of the available
fixed capital such as windmills and solar panels.sbme cases changes to the
surrounding area might impact energy productiom @eample a new tall structure
blocking the sun to already installed solar panels)

Although sustainable management is a reasonablg@resgent for determining the
renewability of the cyclical renewable energy inpiit seems for statistical and
accounting purposes appropriate not to includenla@agement dimension since it
relates to factors which cannot be observed diyegtien the information on supply
and use of energy products is collected and recbiméhe accounts.

Standard International Energy Product Classificatid¢SIEC)

IRES presents a list of internationally agreed mi&fins of energy products. These
products appear within th8tandard International Energy Product Classificatio
(SIEC) in IRES and are presented at the broadest ie Table 2.6.

Table 2.6 Standard International Energy Product Cassification (SIEC)
Classes of energy products

0 Coal

1 Peat and peat products

2 QOil shale / oil sands

3 Natural gas

4 Oil

5 Biofuels

6 Waste

7 Electricity

8 Heat

9 Nuclear fuels and other fuels n.e.c

Source: IRES, 2011

In contrast to the physical flow account of SEEAeEyy the monetary flow
accounts use the Central Product ClassificationQICPThe direct comparison of
monetary and physical flow accounts for SEEA-Enengquires a working
correspondence between the SIEC and CPC classiinsat

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

IRES (Chapter 3 and Annex A) provides further dsstan on SIEC and the
definitions of energy products as well as the ddibns between primary and
secondary energy products, and energy productyetefrom renewable and non-
renewable sources. In addition, correspondencesvelem SIEC and other
international product classifications, such as tiarmonized Commodity
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Description and Coding System (HS) and the CerRralduct Classification (CPC)
are provided in IRES.

Main and Auto producers of electricity and/or heat

Within energy statistics and energy balances, daarprise that produces electricity
or heat as its principal activity is described advain Activity Producer. An
enterprise that produces electricity for sale omowse where such activity is not
their principal activity is described as an Autogucer (electricity). The electricity
production of an autoproducer can be also claskidi® ancillary activity when used
by the producer or secondary activity when soldd Am enterprise that produces
heat for sale where such activity is not their pipal activity is described as an
Autoproducer (heaf) The heat produced by an autoproducer is a secprdivity.

Information related to Main Activity Producer and/autoproducer status could be
reflected in the tables to support specific anabjtiapplications, though this has not
been done in the standard tables of SEEA-Energy.

Accounting rules and principles

Introduction

The recording of accounting entries requires thee afsa consistent set of accounting
rules and principles. Without these, related tratisas and flows may be recorded
on different bases, at different times or with difint values thus making accounting
far less useful and reconciliation difficult.

SEEA-Energy uses accounting rules and principlessistent with those of the
SEEA Central Framework and the SNA. This sectiotroiuces the rules and
principles of most relevance to the SEEA. Readeesesmcouraged to refer to the
2008 SNA Chapter 3 for more detail.

Recording rules and principles
Time of recording

One requirement of SEEA-Energy and SEEA Centralmienaork accounting
principles is that transactions and other flows s recorded as occurring at the
same point in time in the various accounts for haihs involved.

In monetary accounts, the general principle is thamsactions are recorded when
ownership changes and the corresponding claims abligations arise, are
transformed, or are cancelled. Transactions inteimane unit are recorded when

8 Paragraph 5.48%nternational Recommendations for Energy Statis@€4.1.
http://unstats.un.org/unsd/statcom/doc11/BG-IRES
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economic value is created, transformed or extifgeds This approach to timing of
recording is called an accrual basis of reporting.

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

Ideally, the time of the recording of physical flewghould align with the time of
recording of the flows in monetary terms. Adjustriseto account for different
underlying cycles of data in physical and monetéeyms should be made as
required.

Units of measurement

For accounts compiled in monetary terms, the commptsmfrom which the entries
are built up and hence all entries must be measuredonetary terms. In most
cases, the amounts entered are the actual tramsadtking place, but in other cases
the amounts entered are estimated by referencguivaent monetary values (for
own-account consumption) or valued at the cost mfdpction (for non-market
output).

For accounts compiled in physical terms, the ufilm@asurement will reflect the

mass, volume or energy content of the resourcearyct. Measurement units that are
specific to an energy product and are employechatpbint of measurement of the
energy flow are often referred to as ‘original’‘natural’ units. Typical examples are

kilograms or metric tons for solid fuels; and bésrditres or tonnes for oil; and cubic

metres for gases. The actual units used vary acmsstries and local conditions and
often reflect historical practice within a coun{HRES 2011, 4.9).

For statistical and accounting purposes and forymgpes of analyses it is useful to
convert original units into a common unit, for exde) to compare quantities of
different energy products and/or to estimate edficies. The conversion from
different units to a common unit requires convenrsiactors for each product. In the
International System of Unilsthe joule is the common unit used, though other
common energy units are also applied in practise, ifistance, toe, GWh, Btu,
calories, etc. The use of the joule as a commonisinecommended by SEEA-Energy
and by IRES (2011, 4.29).

For each physical energy account, only one unitmeasurement should be used
within the account such that aggregation and reitiation is possible across all

accounting entries. For monetary energy accournil, monetary units should be

used. However, in combined presentations of physicd monetary data a range of
measurement units may be used.

® See International Bureau of Weights and MeasuB#3\) http://www.bipm.org/en/si/
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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 thatmémnes both physical and
monetary data is one of the most powerful featwESEEA-Energy. It enables
SEEA-Energy to provide a wide range of informatammspecific themes, to compare
related information across different themes andle¢dve indicators that reflect the
use of both physical and monetary data.

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

integrated formats are sometimes referred to abrily presentations or accounts
because they contain data in different units. Destne use of different units of

measure, the data sets are presented following @mrmrlassifications and

definitions, and hence these presentations arereefdo as combined physical and
monetary presentations in SEEA-Energy.

Different forms of combined physical and monetarggentations are possible and,
indeed, there is no standard form for these prasiems or accounts. Commonly,
physical flow data are presented alongside informmatfrom monetary supply and
use tables but even for this basic approach diftembinations are possible.
Ultimately, the structures of combined presentatiof monetary and physical data
are dependent on data availability and the vargmlgy questions to be resolved.

While no standard structure can be prescribed, domgpand contrasting monetary
and physical data in meaningful ways is at the the&arthe SEEA-Energy. This
section provides a general introduction to combinglysical and monetary
presentations. Chapter 4 discusses the compilaifothese presentations. More
detailed presentations involving structures such passentations that cover a
particular theme or topic, for example decouplinfyemergy use and economic
growth, are considered in Chapter 7.

The concept of combining physical and monetadata

At the core of combining physical and monetary detahe logic of recording
physical flows in a manner compatible with econortransactions as presented in
the SNA. This data can be used to compile emissiocounts for example and
linkages can be made that guarantee a consistanpar@son of environmental
burdens with economic benefits, or environmentahdiiégs with economic costs.
This linkages can be examined not only at the mafiolevel but also at
disaggregated levels, for example, in relationggions of the economy, or specific
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industries, or for the purpose of examining thevBoassociated with the extraction
of a particular natural resource and/or of certgpes of emissions.

These presentations combine physical data that meagf more immediate use to
scientists, with monetary data familiar to econdsjignd for environmental issues
they therefore have the potential to form a bridggween the perspectives and
concerns of these two groups.

Combined physical and monetary presentations majtineately and usefully
include only a limited set of variables, dependargthe most relevant and pressing
environmental concerns to be taken into considemati It is not necessary to
complete an exhaustive physical supply and useetéblorder 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 itapoe of this interaction to so
many environmental issues, provides a powerfuldtmi analyses required to tailor
the appropriate policy response. Because combipkgsical and monetary
presentations provide consistent environmental @whomic indicators, the trade-
offs in environmental (and economic) terms betwakarnative environmental and
economic strategies can be observed and analyaéif;iparly in the context of time

series.

Building blocks for combined presentations

Within SEEA-Energy considerable flexibility exidstshow compilers may choose to
present combined physical and monetary data rekateshergy. However, there are
some typical areas that combined presentationsgeillerally include. At a broadest
level these areas cover all of the content desdriheSEEA-Energy and from this
content, combined presentations include the veemldnd aggregates that best
inform on the topic or theme of interest.

SEEA-Energy presents a number of combined monetadyphysical presentations
in Chapter 4. These are supply and use tableshichwthe physical and monetary
flows are combined and they are useful, first,dovviding a basis for analysis of the
links between these monetary and physical flowsd aecond in developing
consistency between the physical and monetary guppl use tables.

The basic building blocks of a combined presentatould include energy-related
monetary flows, physical flows, assets and key egates and indicators. Additional
variables and levels of detail may be added acogrth the questions to be informed
and as data and information requirements allowE/&Energy is able to provide a
guite comprehensive set of indicators concerning ghate of mineral and energy
resources; the supply and use of energy produntsiize links between energy and
the environment. Possible types of indicators aeussed more fully in Chapter 7.
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Chapter 3: Physical Flow Accounts

Introduction

SEEA-Energy records various physical flows relatied energy. This chapter
describes the definition, organisation and purpifstne SEEA-Energy physical flow
accounts. The physical flow accounts of SEEA-Enesiggre certain commonalities
with the presentation of energy balances as desdtiit IRES.

Physical flows of energy in SEEA-Energy are orgadisnto three broad groups
(energy from natural inputs, energy products andrgy residuals) according to
whether they represent a supply of energy or aaisenergy. Energy is supplied
when it becomes a product — either when extraciegttly from the environment

(e.g. extraction of natural gas or capture of eparging solar panels); or when an
energy product is created from another source (gapsformation of coal into

electricity). Energy may also be imported (e.g. artp of crude oil).

The supply of energy and the use of energy arenisgd and presented in supply
and use tables. In concept and organisation tredded closely resemble supply and
use tables as described in the 2008 SNA. They latesamilar to energy balances;
however the SEEA-Energy supply and use tables aorganumber of important
distinguishing features. These features such asitbheof residence principle and the
use of classifications consistent with economicoacts allow for direct comparison
with key economic aggregates such as gross domgstduct, 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 accourftereergy, but also with monetary
and physical asset accounts. In such a system,yaiqath flow of energy (e.g.
extraction of coal) can be directly linked to ecomo 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 physical energy floves dlso aligned with the
monetary energy flow accounts (Chapter 4) and nainand energy asset accounts
(Chapter 5). This is a particularly important coatien for mineral and energy
resource flows and for the assessment of produgtiramtesses undertaken within
extracting industries. Relevant flows are recortdeth in the asset accounts and in
the physical supply and use tables.

Section 3.2 describes a number of principles ofdamental importance to
understanding and recording physical energy flawSEEA-Energy. In particular, it
explains the treatment of international flows ahd telated accounting of goods sent
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3.8

3.2

3.21

3.9

3.10

3.2.2

3.11

abroad for processing. It also describes in gerterats the practice of consolidating
and aggregating the various energy-related phyfivalk.

Section 3.3 commences with a general descriptiorthef types of energy from
natural inputs and energy products that are thedfaf SEEA-Energy. The supply
and use tables for energy contain a range of imgwstail — this chapter provides
guidance on the types of energy flows and spetifatments to be considered for
each industry. The chapter then gives a descriptiotihe various tables making up
the physical flow accounts of SEEA-Energy — andves an explanation of the
function and purpose of each of these tables. Abmmof tables closely related to
the supply are use tables are shown including satwethe supply of primary energy
products and imports, transformation of energy, esel of energy and energy use by
purpose.

Section 3.4 completes the chapter with a descriptib interrelationships between
energy statistics, energy balances and energy atzoUhere is clearly much
common ground between these three bodies of erretgied information; however
this section focuses on the key differences betwemergy accounts and energy
balances. It provides a description of how bridgi@lés can be used to reconcile data
contained within energy accounts and energy baknce

Principles of physical flow accounting
Introduction

The application of the broad framework for physiflaw accounting outlined in

Chapter 2 requires the adoption of a range of aut@og principles and conventions.
A number of these, including units of measuremant] the definitions of economic
units and industries, are explained in Chapter 2.

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

Treatment of international flows

In SEEA-Energy flows of energy are attributed te ttountry of residence of the
producing or consuming unit (residence principlejhe time of the flow of energy.
This differs from the territory principle of recand) that is applied in a number of
statistical frameworks, including IRES.
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3.13

3.14

3.15

3.16

This treatment is consistent with the SEEA Cenffeimework and the SNA
While in most cases energy flows would be assigioetthe same country regardless
of whether the resident or territory principle {gpéed, there are important activities,
in particular international transport and tourismhich need to be considered
directly so that the appropriate treatment can d&igndd. This part examines the key
areas of international transport, tourist activitiyning of imports 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 udeeaergy and the associated
release of emissions. The appropriate and consistigribution of physical flows

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

As with all other activities in scope of SEEA-Engrghe treatment of international
transport is based on the residence of the opemdttine 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 seriscsupplied to non-residents or
whether the transport service is between two locati not within the resident
country; inputs (including fuel wherever purchasadll emissions are attributed to
the country of residence of the operator.

Once the determination of the residence of the atperof international transport
equipment using standard SNA and BPM principlesthlien 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 Gdve returning home. In
this case purchases of fuel are attributed to Ggukt(being exports of fuel
from Country C and imports of fuel of Country A)llAnergy used by the
ship is attributed to Country A.

« A passenger aircraft, whose operator is a resigei@ountry X, transports
people from Country X to Country Y and returns tou@try X. The
passengers are from various countries, X, Y andIrZ.this case any
purchases of fuel are attributed to Country X aral r@corded as imports if
purchased in Country Y.

Special note is required in relation to the bunkgrdf fuel, primarily relating to
ships and aircraft. Special arrangements may beremtnto such that a unit resident

19See 2008 SNA, paragraph 4.10 — 4.15.
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3.18

3.19

3.20

in a country stores fuel in another country whiid 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, f®ooust be on the ownership of the
fuel. Thus if Country A establishes a bunker in Goy B and transports fuel to
Country B in order to refuel a ship that it opestéhen the fuel is considered to
have remained in the ownership of country A anderport of 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 eeéatkto align to this treatment.

Tourist activity

Akin to international transport, tourist activitys irecorded using the residence
principle. Tourists include all those travelling tsude their country of residence

including short term students (i.e. less than 121the), people travelling for medical

reasons and those travelling for business or pteadthe use of energy by a tourist
travelling abroad is attributed to the tourist'suntry of residence and not to the
location of the tourist when the energy is usedusiHor 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 theiiu

Emissions from local transport used by tourists iforeign country are attributed to
the local transport company and, as noted in regardnternational transport,
emissions from aircraft and other long distancegpmrt equipment are attributed to
the country of residence of the operator. In neittese is the emission attributed to
the tourist.

Emissions from cars are also attributed to the tgusf 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. Emissiomsnfrtaxis, local minibuses and
the like are also attributed to the driver or relelv business 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 thpdrhand export concepts based on
the residence principle used in SEEA-Energy. Theparts/exports of energy
products need to be adjusted for purchases byeaesidabroad/purchases by non-
residents on domestic territory.
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Table 3.2 Imports and Exports of Energy Products

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

= total imports of Energy products

Bunkering of oil abroad for sea transport and fighiessels

Bunkering of jet fuel and kerosene abroad forrainsport

Refuelling abroad of gasoline and diesel for lanadigport

Tourists’ and business traveller's purchases ofggnabroad including fuel for private cars
Energy purchased by military bases on foreignttaras

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 keroseméeaitory

Foreign vehicles’ refuelling of gasoline and dieselterritory

Foreign tourists’ and business traveller’s purchadeenergy on territory including fuel for privatars
Energy sold to foreign military bases on natioeafitory

Energy sold to foreign embassies on national teyrit

3.21

3.2.3

3.22

Ownership of timber resources and mineral and epeegources

Energy from natural inputs denote physical flowsnir the environment to the

economy. In the area of energy, they principallyivde from stocks of timber and

mineral and energy resources. All of these stoaglkscansidered to be owned by
residents of the country in which the stocks amated. By convention, even where
these stocks are legally owned by non-residentg #éine considered to be owned by
a national resident unit and the non-resident leyaher is shown as the financial
owner of the national resident unit. This meang &xraction of mineral and energy
resources must by definition take place within airdoy’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 cguiur further processing

before being returned to the original country, soldhe processing country, or sent
to other countries. In situations where the unpssed goods are sold to a processor
in a second country there are no unusual recortiages. However, in situations
where the processing is undertaken on a fee faticgebasis and there is no change
of ownership of the goods (i.e. the ownership remavith the original country) the
financial flows are unlikely to relate directly tbe physical flows of the goods being
processed.
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3.23

3.24

3.25

3.2

3.31
3.26

3.27

This goods-for-processing arrangement is commomplat the production of
petroleum products, for example. In the monetargpsy and use accounts, such
goods sent abroad for processing are not treatdthasg crossed national borders
and therefore are not treated as exports or impdtis 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 likewisergterned 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
physical flows as they take place. Therefore, iditghn to the import and export
flows as recognized by the national accounts, maydiows related to goods sent
abroad for processing are recorded in the physiloal accounts. Tracking the
physical flows in this way enables a clearer redaaton of all physical flows in the

economy and also provides a physical link to theoréing of the environmental
impact of the processing activity in the countryvitnich the processing in being
undertaken, including for example, emissions to air

Information on the physical flow of goods betweeauctries is generally available
in international trade statistics — these statéstisually record flows of goods sent
abroad for processing and the return flows, togetwéh various other flows
crossing the national border. However, it is neagsgo identify those flows of
goods where the ownership has not changed and gly apdifferent treatment in
monetary terms compared to the international tdate.

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 from natural inputs from the emvinent into the economy, to the
flows within the economy in the form of supply anmde of energy products by
industries and households and, finally, the flowswergy back to the environment
(as energy residuals). Detail is provided herermnvarious types of physical energy
flows (natural inputs, products and residuals) rded in SEEA-Energy. In addition,
guidance is provided on the recording of industgtail 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 flow tyared industry. These physical
flows can be combined with corresponding monetafgrimation on supply and use

' |RES recommends that goods-for-processing be dieclas part of imports/exports.
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3.28

3.3.2

3.29

3.30

3.31

3.32

of energy products to derive indicators of energyemsity, efficiency and
productivity.

Energy accounts could be compiled by using datanfenergy balances, energy
surveys and other sources which are presentedulagoEnergy accounts data could
also be compiled by converting physical measuresnaés and volume such as
tonnes, litres and cubic metres into a common teypresenting energy content in
calorific terms. The use of the joule as a commant with SEEA-Energy is
consistent with IRES.

Energy from natural inputs

Where energy is removed or captured from the enwirent by resident economic
units, this is described in the flow of energy fromtural inputs. Such flows include
energy from natural resource inputs (e.g. oil, reltgas, uranium, coal and peat,
timber resources), inputs from renewable energyrcssu(e.g. solar, wind, hydro,
geothermal), and other natural inputs (energy ispatcultivated biomass).

In SEEA-Energy terms, the supplier of these flosvghie environment and the user is
the economy or, more specifically, the user isehenomic unit responsible for the
extraction or capture of energy from the environtndfxtraction of mineral and
energy resources can only be undertaken by residaestitutional units. An
enterprise that undertakes extraction is deemdtht@ become a resident when the
requisite licences or leases are issued, if natrieef4.15, 2008 SNA)

Energy is removed or captured either to be usedth®y 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 resasiritem the environment as its
principal activity is classified under Section BISIC Rev. 4, Mining and quarrying.
The capture of energy from renewable sources issifiad under ISIC Section A —
Agriculture and forestry and fishing (e.g. biofuets ISIC Section D — Electricity,
gas steam and air conditioning supply (e.g. solémd, hydro). The elements of the
ISIC industry classification which are of specifiterest to the energy accounts are
presented in Section 3.4.3.

Energy from cultivated biomass, including from cowdted timber resources, is

treated as being produced within the economy am¢dés first recorded as the flow
of an energy product. However, to ensure a complatance of energy flows in the

PSUT, a balancing entry equal to the energy pradfr@m cultivated biomass is

recorded as a component of energy from naturaltgpu both the supply and the
use tables. In the energy from natural inputs pathe use table the corresponding
value for energy inputs to cultivated biomass isegally split among a number of

industries depending on end use.
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3.34

3.35

3.36

3.37

Solid waste incinerated for energy purposes is #lsated as being produced with
the economy. The energy embodied in solid wast&h@vn as entering the energy
system as a residual flow before becoming an enprgguct. By convention, the

energy from solid waste is shown as supplied frofthiw the economy in the

accumulation column.

Classification of energy from natural inputs

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

Table 3.3: Energy from natural inputs

(Energy) natural resource inputs
Mineral and energy resources
Oil resources
Natural gas resources
Coal and peat resources
Uranium and other nuclear
Timber resources (natural)
Inputs of energy from renewable sources
Solar
Hydro
Wind
Wave and tidal
Geothermal
Other electicity and heat
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 exangual, 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 relates its extraction from the

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

In other cases, the item of energy extracted frobmdnvironment is very different
from the resulting energy product subsequently usgtthin the economy. The
following paragraphs describe those types of enémgy natural inputs that undergo
a fundamental physical transformation as they ethiereconomy.

Natural timber resources represent an energy ifiguh the environment. These
resources may be incorporated into energy prodiwath as biofuel or waste.
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3.39

3.3.3

3.40

3.41

3.42

3.43

Inputs of energy from renewable sources are thefonehsources of energy provided
by the environment and include the following itemsslar, hydro, wind, wave and
tidal, geothermal, and other electricity and hédk.of these natural inputs are used
in the production of electricity or heat/steamisltessential that natural inputs used
in the generation of electricity are recorded samensure a complete balance of
flows of energy between the environment and thenemty). The amount of
electricity/heat produced from solar, hydro etcurses must be shown as a
corresponding (and equal) natural input of energymf the environment to the
economy. Inputs of energy sourced from natural wueses, such as natural timber
resources, are not included under this heading, do@s it include energy inputs
from cultivated timber resources, other cultivabéomass, or from solid waste.

Energy inputs to cultivated biomass is the energyi 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, bisfume 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 ortelpreserve the input output
identity for energy flows.

Energy products (flows of energy products)

Energy products are those products that are usedsxely or mainly as a source of

energy. They include fuels that are produced oregeied by an economic unit;

electricity that is generated by an economic unid heat that is generated and sold
to third parties by an economic unit. Some energydpcts 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 consumpiipthe rest of the world (as
exports), or are stored in the form of inventories.

Energy-supplying industries and other industriepidglly carry inventories of
energy products. Changes in inventories are redondehe accumulations column
of the supply and use table.

Energy products are classified based on the Stdnlernational Energy Product
Classification (SIEC). At the first level, energyopucts are classified into 10
sections and are described below.
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3.46

3.47

3.48

3.49

3.50

3.51

3.52

Description of energy producfs

Chapter 2 describes the broad categorisation ofggntows: energy from natural

inputs from the environment to economy; energy potsl produced and used within
the economy; and various residual flows from thenseny back to the environment.
This section provides a summary description of émergy products used in the
physical flow accounts of SEEA-Energy. The destuipd relating to energy

products are drawn from SIEC (2011 IRES, 3.19),lsvtiie classification of energy
from 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 recoended that compilers attempt to
produce data at the 2 digit or division level oESIlin order to deliver a much richer
data set for data users. Nevertheless, the Idvetanluct detail used in the physical
flow accounts for energy will depend on the regoiemts of data users and on data
availability; compilers will need to adapt the puad detail used in their physical
flow accounts.

Coal is a solid fossil fuel consisting of carbomizaeegetal matter. Coal products can
be derived directly or indirectly from the variodkasses of coal by carbonization or
pyrolysis processes, by the aggregation of finelyidéd 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 humidihd limited air access (initial
stage of coalification) and any products deriveahfrit.

Oil shale / oil sands are sedimentary rock contgjrmorganic 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 hydrocarborimasily methane but generally
also including ethane, propane and higher hydraoeashin much smaller amounts
and some non-combustible gases such as nitrogenaahdn dioxide.

Oil comprises liquid hydrocarbons of fossil fuelgins made up of (i) crude oil; (ii)
liquids extracted from natural gas (NGL); (iii) lalor partly processed products
from the refining of crude oil; and (iv) functiomal similar 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 cantlue 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 wassadther party, it is considered a

12|RES Chapter 3.
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3.56

3.57
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3.59

3.60

3.61

product. Where no payment is received by the ddingr unit, the waste is a
residual.

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

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

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

Residuals

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

Energy residuals

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

Oil tankers at sea may lose their cargo throughdeirecked. Such flows should be
recorded as losses during distribution flowing frdme economy to the environment.

Efforts might be made to recover residuals, inahgdnatural resource residuals,
from the environment and bring them back into thern®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 incigeand/or particular locations (such
as the wreck of an oil tanker near a protected typamy arouse a sufficient degree
of concern to merit identifying these flows exptligi

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

Other residual flows

Controlled and managed landfill sites, emission tuap and storage facilities,
treatment plants and other waste disposal sitescansidered to be within the
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3.3.5
3.63
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economy. Therefore, flows of residuals into theaeilities are regarded as flows
within the economy rather than flows to the envirmmt. Subsequent flows from
these facilities may lead to the creation of otpeyducts or residuals, for example,
waste from managed landfill sites may be combustedenergy purposes. When
waste is combusted for energy purposes, it is ceEmbrseparately 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 oil in the production of lubmisa

Industry reporting

The SEEA-Energy physical flow accounts are compil®d the ISIC industry
classification, making it possible to integrate thteysical energy flows reported in
SEEA-Energy with economic statistics from the nia#ilb accounts. It is
recommended that countries report, at a minimum lekel of industry detail shown
in Tables 3.4 to 3.9 in order to support internadidy comparable data. The
following paragraphs provide a descriptive guideeb@rgy supply and use for those
industries shown in the SEEA-Energy tables of thiapter.

Agriculture, forestry and fishing would not gendydbe expected to be a significant
supplier of energy, although forestry operationg/reapply fuelwood and charcoal.
These are energy products (biofuels) produced bgstoy operations that utilise

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

table.

Agriculture may support biofuel production throufglt example the supply of corn
and/or sugarcane for bioethanol. In this case tite 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 sugaecal herefore, the production of
biofuel is recorded as production by the manufaotuindustry using energy from
natural inputs (specifically ‘energy inputs to ¢udtted biomass’) supplied by the
‘environment’.

Mining and quarrying is often the most significasdmestic supplier of energy
products. This industry is responsible for the astion of oil and natural gas —
including the extraction of oil from oil shale awidl 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 correspondingam of flow of energy from

natural inputs (though, where energy is lost dumgraction, the amount of energy
from natural inputs will exceed the correspondingoant of energy product
supplied).
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Manufacturing is an important industry in the protlan of energy products since it
is responsible for converting a range of primaregrgy products into a usable form,
i.e. secondary energy products. For example, caibles extracted by the mining

industry and refined by the manufacturing indusirigus, the ‘environment’ supplies
energy from natural inputs to the economy as asbteces — the mining industry
extracts these as (crude) oil and supplies thisemril as an energy product to the
manufacturer, who refines the product and who im tsupplies the (refined) oil

product to others.

In some instances the manufacturing entity willateeenergy products from other
non-energy products. For example, corn is produmethe Agriculture, forestry and
fishing industry that may be used to produce bibflrethe supply and use tables for
energy the environment supplies energy from natun@uts (in the form of
cultivated biomass) to the economy (agricultureustdy) — the manufacturing
industry uses these to create a biofuel such asthmool. The Agriculture industry’s
production of corn is not explicitly recorded inetiSEEA-Energy tables, since this
supply is not of an energy product.

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

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

The supply of electricity includes the activity @iktribution of electricity to the final
consumer. The supply of gas through a system ofsnigi also included in this ISIC
class; the activity of transporting gas throughetiipes over long distances however
is considered to be a transport activity. Thus,tle use table of the PSUT,
transmission losses related to electricity supptg attributed to the electricity
supply industry while losses related to gas supply attributed to either the gas
supply industry or the transport industry dependingvhere the losses occur.

Natural gas supply includes both distribution o$ glarough mains and the extraction
of certain gases. Distributed and extracted natgesl are recorded into separate
rows the PSUT. Sometimes natural gas is suppliedcdy by the extracting
industries without further processing. In this esashe supply of gas would be
recorded as output of the mining industry in thpy table and directly used for
intermediate or final consumption by industries &odiseholds.

For waste, the PSUT records waste as an energygréar each industry supplying
this product. By convention, the energy from salidste is shown as supplied from
within the economy in the accumulation column andchatching positive entry is
recorded in the use table in the column for theugty incinerating the solid waste.
Where the waste has not been purchased (i.e.aitresidual rather than a product)
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and is used for electricity generation, the wast@evertheless treated as a flow of
energy from other industries. In the use table, rélated transformation losses are
recorded against ‘waste’ and are attributed to HEhectricity, 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 gasesmpiéed by the manufacturing
industry and/or the mining and quarrying industdgpending on the processes
involved.

Transport activity is an important energy consumémtjvity. 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 pmithately engaged in mining
activity, then energy used by this business isitatted to the mining industry;
whether the energy is used specifically to powdraetion 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 mothicle operated by a householder
is attributed to households and not the Transpuodtstorage 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 condiis attributed to the Electricity,
gas, steam and air conditioning supply industry.

Where units are predominately engaged in Storagévitgc related to energy
products (such as gas), losses incurred durin@géorepresent an 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 fromidavaste 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 circumstancesctbp is purpose-produced for
biofuel production and the link to energy from nafuinputs is much more direct

and occurs within the same accounting period.

Where households generate energy products, thiplsughould generally be
attributed to the industry that would typically sy such a product. For example, if
households produce electricity through the use aérsphotovoltaics panels, the
supply table of the PSUT should show a flow of itgpaf energy from renewable
sources from the environment to the Electricitys,gateam and air conditioning

13 International marine and aviation bunkering isleded from the balances of an individual country’s
supply of energy and transport activities.
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supply industry. The resulting supply of electycis then used by households —
unless households have generated electricity amtiedothis back into the grid.

Under these circumstances, the use of the eldgtiniouted back to the electricity

supplier should be allocated across the industaied households served by the
electricity supplier. In the absence of specifitormation to guide this allocation, it

should be done on the basis of general patterreaftricity use observed for the
various users 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 ofhreflow 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 Uséle for Energy are the
standard physical supply and use tables for enftogys. These tables include flows
of all energy from natural inputs and energy prdduincluding those energy
products that are transformed into other energydypcts. Therefore, the energy
content of some products is counted more than oGoel, 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 colusnof the energy supply and use
tables is designed to highlight those industry gothat most commonly play a
significant role in energy production or use. Bgre is no restriction in the amount
of industry detail that may be incorporated. Theusculation column records

changes in the inventories of energy products tlaat 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 emermproducts, 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. Bision of these five areas
comprises the remainder of this section.

Supply and use of energy from natural inputs

The first part of Table 3.4 Supply Table for Enetgyd the first part of Table 3.5
Use Table for Energy record flows of energy fromunal inputs. In Table 3.4 the
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various energy from natural inputs are shown asdeupplied by the environment.
In Table 3.5 the energy from natural inputs arewshaas being used by the
extracting industries. Across these two tablestdial supply of each energy from
natural input must equal its total use.

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

In principle, the inputs of energy from renewabteisxes should reflect the amount
of energy incident on the technology put in plasectllect the energy. In practice,
inputs of energy from renewable sources are recbideterms of the amounts of
heat and electricity produced via the technologyduso harness the energy.
Consequently, in practice, losses of energy incdygture of energy from renewable
sources are not included in the PSUT. Energy fromrdrelectric schemes is also
recorded here in terms of electricity produced.

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

Supply of energy products

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

Energy products are mainly produced by establishmelassified 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 recoded separtialystinguish between natural gas
that is taken out of the environment and naturalthat is processed and is ready for
consumption. The difference between extracted aiddrilbuted natural gas is
accounted for in losses during distribution, steraand transformation. A similar
approach should be taken with all energy produEts. example, coal should be
separated into primary coal products (hard codi;lsituminous coal and lignite) and
secondary coal products.

Energy products are produced as a secondary gctiwihin many establishments,
and in some cases as own account production andWhkere it is possible to
guantify the own account, intra-establishment piddun and use of energy

14 For presentation purposes such breakdown is motrskexplicitly in the table.
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products, these flows should be recorded separatelthe accounts as flows of
energy for own use.

Table 3.4 Supply table for energy, joules

Physical supply table for energy

Production (including houschold preduction on own-account); Generation of residuals Accumulation Flows from Flows from  Total supply

environment
and Mamufachring E y Transportaion  Other Households Tmports
steamandair  and storage  industries
conditioning
supph
ISICD ISICH

ISIC £
Enersy natural inputs || /] [ | |

Natural resource inputs
Mineral and energy resources
Oil resaurces 7340 7440
Natural gas resources 4170 417.0
Coal and peat resources
Uranium and other mclear fuels
Timber resources 50 50
|Tnputs of energy from renewable sources |
Solar 200 200
| Hydro 100.0 100.0]
Wind 40 40
| Wave and tidal |
Geothermal
| |Other electricity and heat |
Other natural inputs
| Energy inputs to cultivated biomass 20 20
Total energy from natural inputs 12920 12920
Energy products |

Production of energy products by SIEC class (exchiding own use)

[Coat | \ | | \ \ \ \
Peat and peat products
|0 shale’ il sands \ | | \ \ \ \
Natural gas (extracted) 3950
Natural gas (distributed) 369 1
Ol (¢ £ conventional crude off) 7210
0l (oil products) | | | 3470 \ \ \
Biofinels 53 02 15
[Waste 390 | 545 |
Electricity 2120
| Hem \ L \ s \ \
Nuclear fitels and other firels nec | | | | | | |
Prodnction of energy for own use
[Coar \ | | \ \ \ \
Peat and peat products
O shale/ o sands \ | | \ \ \ \
Natural gas (extracted)
Natural gas (distributed)
Ol (¢ g conventional crude ofl)
0 (oil products) \ | | \ \ \ \
Biofuels
[Waste \ | | \ \ \ \
Electricity
e
Nuclear fuels and other furels nec
" |Total energy products 113 11160 1017 661.1
[l

2250

930.0

16.9
22.0

2250
395.0
369.1
7210
1277.0
7.0
1104
2340
785
34170

11939
Energy residuals
|Losses during extraction | | 450 | | | 450
Losses during distribution 120 120
[Lasses during storage | | | 60 | | [l 60
Losses during transformation 70 2044 2114
Other energy residuals | 503 32| 4187 20.6 632.0 %60 | 240.0 15308
Total cncrey residuals 503 48. 4317 307.0 632.0 96.0 240.0 18052
Other residual flows
Residuals from end-use for non-energy 510 510
Energy from solid waste 9 935
Total supply 946 11642 8844 9681 I . 935 11939 66587
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Table 3.5 Use table for energy, joules

Physical use table for energy

Intermediate consumption; Use of energy resouiReseipt 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 Exports
forestryanc  and steam and air  and storage industries
fishing  quarrying conditioning
supply
ISIC A ISIC B ISIC C ISIC D ISIC H
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
Uranium and other nuclear fuels

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 electricity and heat
Other natural inputs
Energy inputs to cultivated biomass 0.3 0.2 15 20

Total energy from natural inputs 53 1161.0 0.2 525 1292.0
Energy products
Transformation of energy products by SIEC class

Coal 223.0 223.0

Peat and peat products

QOil 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

Oil (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 11120
End-use of energy products by SIEC class (excludimg use)

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

Qil (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 12110

Biofuels 0.3 0.2 15 5.0 7.0

Waste 3.0 0.1 4.0 37.0 1.0 33.0 03 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 -217 7449 2254.0
Own end-use of energy products by SIEC class

Coal

Peat and peat products

Oil shale/ oil sands

Natural gas (extracted)

Natural gas (distributed)

Qil (e.g. conventional crude oil)

Oil (oil products)

Biofuels

Waste

Electricity

Heat

Nuclear fuels and other fuels nec

Total end-use for energy purposes
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 39.0 545 935
Total use 946 1164.2 884.4 968.1 632.0 96.0 240.0 29.3 9744, 18052 6658.7

Imports and exports of energy products

3.91 Within Table 3.4, imports of energy products areoreled as a separate column item
among the components making up total supply of@nerable 3.5 similarly records
exports of energy products as a separate columm #&mong the various uses of
energy.
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In general, imports and exports of energy prodwgtisuld be recorded when a

change of ownership of the product between a resiég@d a non-resident unit
15

occurs.

SEEA-Energy uses the general trade system to deterimports and exports, which
is in accordance with the convention used in thgonal accounts. Thus, imports of
energy products include those products brought énfeee 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 ffowf electricity and heat into a
country may therefore in practice be recorded gmms, and all outgoing flows may
be recorded as exports. Energy products sent alfoogatocessing should be treated
following the treatment of goods for processingaldmed in Section 3.3.4.

Energy use by resident units abroad, essentialgring tourists driving abroad and
companies engaged in international transport disi should be recorded in the
accounts either as the use of the industries egrtiie value added from these
activities or as a use of the households operating transport equipment.
Conversely, all energy use by non-resident entitigthin the national boundary
(ships, planes, trucks and tourists) should beusbet.

Transformation and end-use of energy products

The use of energy products is split into two maut®ns in the use table. The first
section, ‘Transformation of energy products’, retothe transformation of energy
products into other energy products. For examgile,nhining and quarrying industry
may produce coal as an energy product in the suggtlle and the use of coal to
produce electricity would be shown in the transfation of energy products as the
use of coal by the electricity supply industry.

The second section, ‘End-use of energy productgomds the use of energy products
to produce goods and services that are not energgupts. These goods and
services may be used for intermediate consumptitor, household final
consumption, as a change in inventories of energgycts, or for export. Some end-
use will relate to non-energy uses of energy prégluimr example the use of oil
based products as lubricants or in the productibrplastics. In this section a
distinction is made based on whether the used gngrgducts were produced for
own use.

In total, intermediate consumption includes the wdeall energy products by
industries as inputs in a production process, igas of the nature of the
production process, i.e. whether it is a processveding an energy product into

15 “Imports and exports can be recorded accordingtt@ethe general trade or the special trade syst&imder the
general trade system, goods are recorded as they enleave the national boundary including gotiust are
imported into and exported from custom-bonded wauebs and free zones. Under the special tradensygt®ds
are recorded as trade only when they cross therssboundary (i.e. enter free circulation).” (2@MA, 3.166).
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another energy product for further use in the econ@ransformation), or whether it
is a process which ultimately uses the energy cumé the energy product so that
no further use of the energy is possible (end-useypme cases by incorporating the
energy in a non-energy product.

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

as well as flaring and venting of natural gas. Ehi#fews are not recorded as part of
the intermediate consumption of energy products,ihstead as flows of residuals,

as described below. The same applies to losseaasfyg products, when the losses
are related to products before any change of oviaefsom the producer to the user

has taken place. If a product is lost after it hasn handed over from the producer
to the final user of the product, the loss shoulnt be recorded as part of

intermediate consumption of the energy producer.

Some energy products may be stored by industrie¢afer transformation or end-
use. The net changes in the quantities storeder@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 consumptiohdayseholds of energy products
purchased or otherwise obtained from energy sumplidll such consumption
reflects an end use of energy. Final consumptiatuges energy products produced
by households themselV&sfor example, electricity generated by windmillsred
by households. These ‘other uses’ correspond ta Wieanational accounts would
call ‘final use’ (or final demand). However, therrte ‘final’ is avoided in SEEA-
Energy because the same term is used with a someliffexent meaning in energy
statistics and energy balances. In IRES, for ingtafinal consumption is measured
by the deliveries of energy products to all constavexcluding deliveries of fuel and
other energy products for use in transformationcpsses and the use of energy
products for energy needs of the energy industREG 2011, 8.33). In SEEA-
Energy this concept is instead called ‘end usesradrgy.

Energy residuals

The bottom parts of Table 3.4 and Table 3.5 conéatries associated with energy
residuals i.e. the materials and energy discardednatted as a result of energy-
related production, consumption and accumulatiotivitg. Different types of
energy residuals are recorded — losses during @idra distribution and storage,
losses during transformation and other energy uedsd The different energy
residuals are recorded as being supplied by vaiioaigstries and households in the
supply table and received by the environment inuse table.

Groups of residuals

8 As noted earlier, household production of enesyghifted to the industry producing the productas
main activity.
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There is a wide variety of different types of rests and they are not usually
accounted for as a single type of flow using mugu&xclusive classes. Rather,
different groups of residuals are analysed dependim the physical nature of the
flow, the purpose behind the flow or simply to exfl the balance of physical flows
leaving the economy. The following groupings ofidesls are of relevance to
SEEA-Energy.

Losses

Within the context of SEEA-Energy, losses of energy physical terms are
comprised of flows from the environment to the emoy 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 processislhoted that some types of
losses may be necessary for maintaining safe dpgrabnditions — 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 occureatiime of extraction of mineral and
energy resources prior to any further processirggtment or transportation of the
extracted mineral and energy resource. Such Idasasle, for example, flaring and
venting of natural gas during extraction. Some redtgas may also be re-injected
into the deposit in order to increase the pressur@ facilitate further extraction.
These flows are not treated as losses since tirgaeted gas could be extracted at a
later period (and it is being used in a productoocess).

Losses during distribution/transport are lossest thecur 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 fadtotise case of energy, they may
involve evaporation and leakages of liquid fuetssl of heat during transportation of
steam, and losses during gas distribution, elattritransmission 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. €hegors in the measurement of
flows are commonly referred to as apparent lossdsaae recoded under distribution
losses.
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Losses during storage are losses of energy prothetdisin inventories. They include
evaporation, leakages of fuels wastage and ac@tidamage.

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

While losses due to evaporation and leakages aea dfitially measured in quantity

terms (cubic metres, tonnes etc.), they shoulddmverted to joules for the purposes
of SEEA-Energy account. Losses of heat are fredqueneasured in energy terms
(terajoules, KWh etc.).

From the perspective of suppliers of products, dheunts of electricity and other
energy products that are illegally diverted frorstdbution networks or from storage
may be considered losses due to theft. Howevecgesim 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 thatdesdue to theft may be difficult to

measure in practice and may often be includedssds in distribution.

Other energy residuals

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 oftenrgatefrom the end use of energy
products (e.g. fuel used for vehicles, electricised for heating)’ In this case the
flow of residual heat is equal to the energy input.

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

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

Other residual flows

For other residual flows, the energy embodied irrgy products used for non-
energy purposes is shown as supplied by varioussings and by households and is

" Energy can also dissipate in the form of lighhoise.
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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 solad or liquid state but excludes
small particulate matter released into the atmosphEnergy from solid waste is
recoded separately in the supply and use tablecdwention it is shown as being
supplied from within the economy in the accumulatioolumn and matching
positive entries are recorded in the use table ha 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; anhl€a3.8 End Use of Energy.
These tables focus, respectively, on the supplyrixinary energy products and
imports; the transformation of primary energy anmgports 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 ebeartipe Energy Statistics Manual,
IEA 2005, chapter 7) though the classifications aedminology 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 energy made available through elstin
extraction of energy from natural inputs and thidougnports of primary and
secondary energy products. To avoid double counitg 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.

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

different to the level shown in the previous tableemcause the focus here is on
presenting the primary energy products. Electricdtyd 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 fsdifficult to quantify until after

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

the resultant electricity should be recorded is thble.

18 Secondary products are only part of the importarna. The production columns include only primary
products. For example, only hard coal, sub-bitum&ooal and lignitare included in the row “Coal” for
all columns “Production”.

72



Table 3.6 Supply of primary energy products and imprts, joules

Physical supply table for energy

Production Flows  Flows Total
from the fromthe primary
rest of environm energy
theworld ent  supply and
imports

Agriculture, Mining and Manufact Electricity, gas, Transport ~ Other Imports
forestryand quarrying uring  steam and air ation anc industries
fishing conditioning  storage
supply

ISIC A ISIC B ISIC C ISIC D ISIC H
Energy products
Production of energy products by SIEC class
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 B3 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 54.7 125.5 11939 2534.4

3.121 For each industry, the column sum shows the amo@mtrimary energy products
supplied. The figure in the intersection of thet lemv and last column of Table 3.6
represents the total domestic supply of primaryrgneproducts and imports of
primary and secondary energy products.

3.3.8 Transformation and end-use of energy products

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

3.123 Table 3.7 shows how energy products entering tlm@my through the domestic
supply of primary energy products and through inpare converted to other types
of energy products before being used by industideshouseholds — either for end
use or for non-energy purposes. For example, tlde tavould show that coal
(initially produced by the mining and quarrying usdry) is subject to an energy
transformation by the electricity supply industnythe production of electricity.

3.124 Within Table 3.7 negative numbers correspond touispof 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 fromalo

3.125 By following a column within Table 3.7, informatiae obtained about the amount
and type of energy used by that industry as intdiate inputs for the
transformation (i.e. the negative numbers), and hoveh of each secondary energy
product is produced by the same industry as atrefuhe transformation (i.e. the
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positive numbers). A transformation from one tygespergy to another is normally
associated with some losses of energy. The totaluatmof energy lost from each of
the industries’ transformation processes is shaowthé bottom row of the table.

Table 3.7 Transformation of energy, Joules

Physical supply table for energy

Agriculture, Mining and Manufacturing  Electricity, Transportati ~ Other Net  Available
forestryand  quarrying gas, steama  on and industries for end use
fishing g storage

conditioning
supply
ISIC A ISIC B ISICC ISIC D ISIC H

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) 282.1 282.1 282.1
Qil 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
total losses
Losses 13 216.4 229.4

3.126 The rows of Table 3.7 show how much of each typen&rgy is produced as a result
of the energy transformation processes (i.e. pasitiumbers) or used as inputs for
energy transformation processes (in the case déthegnumbers). When all inputs
and outputs are respectively, subtracted and adibedfotal net output from the
transformation processes is obtained.

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

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

3.129 Table 3.8 End use of energy, records the use afggneroducts for purposes other
than transformation into other energy products. &@pecific energy product, ‘end
use’ is what is available after the energy transfation processes are complete.
These goods and services may be used for interteediesumption, for household
consumption, as a change in inventories of energdycts, or for export. Some end
use will relate to non-energy uses of energy prétgjuior example the use of oil-
based products as lubricants or in the productigulastics.

3.130 In total, intermediate consumption includes the wdeall energy products by
industries as inputs to a production process, ddgas 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 eaoptransformation), whether it is
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a process which ultimately uses the energy cordéthe 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 latartff{e.g. plastics)- in some cases by
incorporating the energy into a non-energy prodiieibbles 3.7 and 3.8 can be used
to calculate intermediate consumption of energydpobs.

Table 3.8 End use of energy, joules

Agriculture, Mining and ManufactElectricity, gas, stea: Transportation Other industries Households Exports
forestryand quarrying uring  and air conditioning and storage Accumul

fishing supply
ISIC A ISIC B ISIC C 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
Qil (e.g. conventional crude oil) 361.0 361.0
Oil (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 2.0 105 2.0 1.0 19.0 44.0 785
Nuclear fuels and other fuels nec 0.0
Total end-use for energy put 50.3 3.2 418.7 90.6 632.0 96.0 240.0 -21.7 744.9 2520
End-use of energy products for non-energy purposes 51.0 51.0

Total Use 2305.0

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

3.132 Household consumption refers to the consumptiohdayseholds of energy products
purchased or otherwise obtained from energy sumplidll such consumption
reflects the end use of energy. Household consumpgiso 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.

3.133 For each type of energy product, Table 3.8, shole ¢énd use of energy by
industries, households, as well as by other ussgoates. In contrast, most industries
will have entries for use of secondary energy potslin Table 3.8, since a range of
energy products is typically used by businesses.

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

3.3.9 Use of energy by purpose

3.135 The tables in the previous part of this chapter mmt include any specific
information on the purposes of the energy use. Hewefor some types of analysis
it is useful to know whether the energy is used f&ay, transport or heating or for
non-energy purposes. This section presents a piysse table which includes such
information — Table 3.9 Energy Use by Purpose. Nb&t additional data sources to
what is needed for the compilation of the physisapply and use tables might be
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required to complete Table 3.9 so as to distingbistween each end use. Depending
on policy needs, countries might wish to have a endetailed energy product
presentation within each purpose.

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

Table 3.9 Energy use by purpose

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

forestryand quarrying uring and air conditioning  and storage ation
fishing supply
ISIC A ISIC B ISIC C ISIC D ISIC H
Transport
Oil 220 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 15 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 2.0 105 20 1.0 19.0 44.0 78.5
Other energy purposes
Coal 17.0 17.0
Natural gas 1.0 34.0 35.0
Oil 20 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 19 -19.1
Natural gas 20 201.0 203.0
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 -21.7 744.80%0

3.137 An energy product is classified as being used fogrgy purposes if it is used to
raise heat, or for transportation or for electrica@rvices (IRES 2011, 5.74). In
addition, within SEEA-Energy, energy products used transformations (e.g.,
electricity used in the transformation crude otloirgasoline) are seen as being used
for energy purposes.

3.138 Within the broader group of ‘energy used for enepgyposes’ a distinction is made
between energy used for transport, energy usecddating, etc, and other energy
purposes. The category energy used for heatingidiesl energy used for cooking,
lighting, and household appliances. Other energp@ses includes energy used for
stationary machines in industrial applications.

3.139 In some cases it is straightforward to determireeube of an energy product. Energy
products bought by private households, for instaace most likely used for energy
purposes. In other cases, for instance, when teenwal industry buys oil products,
it is necessary to obtain information from the valet business units to determine
the purpose of the product.

3.140 Non-Energy uses comprise those fuel uses for clenfiégedstock and other non-
energy applications. Chemical feed stock relatefuébs used as raw materials for
the manufacture of products which contain hydrogad/or carbon taken from the
fuel. Non-energy products are fuel products usedninafor their physical and
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3.141

3.142

3.4

34.1

3.143

3.144

3.145

3.146

chemical properties in non-energy applications. raples are lubricants, paraffin
waxes, coal tars and oils as timber preservatietes,(IRES 2011, 5.21).

Almost all consumption of electricity is for powedreat and electronic use resulting
in the disappearance of the electricity (as hedge of electricity for electrolysis
occurs in some industries but statistics distinigimg this use from other uses in the
enterprises are not usually available. (IEA, Enesggtistics manual, p. 30).

Exports, distribution losses and inventory changeated to energy products are
always classified as non-energy purposes in SEE&-@neven though the energy
products being exported or put into inventories roagourse 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 baleas
Introduction

Energy statistics, energy accounts and energy bataall provide information on

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

Energy statistics deal with the collection and cdatpn of information on
production, imports, exports and domestic use argy products on the basis of
specific surveys and by using for example busingsgistics and foreign trade
statistics. Energy balances reorganise the bascggrstatistics by confronting and
consolidating the supply and use sides, and byligigting the transformation of
energy within the economy. Similarly, energy acdsurcan be seen as a
reorganization and extension to energy statistiu @nergy balances with the goal
of producing a systems-based energy informatioonctire that uses definitions,
principles and classifications that are consisteith the national accounts. Both
energy balances and energy accounts apply theiplenthat supply equals use, but
total supply and total use are defined somewhatemintly between these two
systems in order to meet different needs.

The main differences between the energy balanceéstenenergy accounts relate to
the activities considered to be in scope, and huese activities are classified. The
energy accounts use the residence principle torméte whether a specific energy
transaction should be included (for instance, asoirts) and whether it is included
as part of energy use or not. The boundary of thergy balances follows the
national territory just as basic energy statistiosmally do.

Energy balances normally include only physical dataenergy. Energy accounts
support both physical and monetary measures ofggreand a key purpose of energy
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3.147

3.4.2
3.148

3.149

3.4.3
3.150

3.151

3.152

accounts is to link these physical and monetarg d@ata consistent and meaningful
way.

The following sections describe the main differenbetween energy balances and
the energy accounts. A key difference between gnacgounts and energy balances
is the use of, respectively, residence and texrifinciples in defining the national
boundary. This has been comprehensively describeavea in Section 3.3.3,
treatment of international flows (though Sectiod.3.is also relevant) and is not
further discussed here. The text below correspandkarge part to descriptions
contained in Chapter 11 of IRES.

Energy balances — products

As in SEEA Central Framework (and the SNA), in SEE#ergy a physical energy
unit is generally regarded as a ‘product’ when angaction of positive monetary
value occurs between two economic units. This esswoherence between the
physical flows of energy products and the monetHows (Chapter 4). Note

however that energy produced for own use is induakean energy product.

In contrast, the energy balances do not make tisigndtion 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 combie 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 specifiderprise / establishment (on either
the production or consumption sides) is, as a gdnete, presented under the ISIC
division/class of the principal activity of the tiimvolved.

While the ISIC is used for both the energy accouwand the energy balances, in
some cases they include different activities. Tlemmest example of the difference
relates to own-account transportation undertakerrtgrprises — within the energy
accounts this activity is allocated to the indwdtrsection based on the principal
activity of the enterprise, according to ISIC piiples. While in the energy balances,
consumption of fuels for own account transportatamtivity is simply allocated to

the transport sector, regardless of what the préd@mmh activity of the business
might be.

A similar treatment applies to the generation efcélicity and generation of heat for
sale where this generation occurs outside of tleegnproducing industries of ISIC.
In the energy accounts this type of activity isameted as secondary activity leading
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to the output of energy products from the spedifatustries involved. An example is
the production of electricity and heat from theiiveration of waste — such activity is
generally allocated to the energy sector within #émergy balances. However, the
incineration of waste is an activity related to @SClass 3821 (Treatment and
disposal of non-hazardous waste) which is not predantly an energy-producing

industry. Therefore, within the energy accounts tiroduction 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 transformatioricsec

More generally, the energy balances provide a dasan of the transformation of
energy broken down by transformation technologythivi the energy balances,
plants undertaking energy transformation are grdupg various transformation
technologies. These include: electricity plantanbined heat and power plants; heat
plants; coke ovens; patent fuel plants; brown dwajuette plants; coal liquefaction
plants, and so on.

The transformation block of the energy balancescrdes inputs and outputs of
energy for these technologies. However, the endrglances do not explicitly
describe energy flows from the environment to thxéraztion industries. Though
they do show the resulting production of energydpiais arising from the extraction
activity.

As described above, within the energy balancegraltiuction of energy, including

industries’ own generation of electricity and héatsale, is allocated to the energy
industries. On the use side, the energy industo@si use of energy is included in
the energy balances as a separate category.

The concept of Energy industries own use as definddRES is different from the

concept of own use used in the SNA and SEEA. EBSRenergy industries own use
refers to consumption of fuels and energy for tivea support of the production
and preparation for use of fuels and energy, exalydse for transformation. In the
SNA and SEEA, own use refer to intra-establishnmgotuction and use of energy
products. As such, the concept of energy industoi@n use includes, using SEEA
terminology, the end use of energy products frommestic production for energy
purposes and the own use of energy products forggnpurposes by energy
industries.

SEEA-Energy accounts include the following ISICegairies of energy producing
industries:

Mining and quarrying:
ISIC Division 05 - Mining of coal and lignite

ISIC Division 06 - Extraction of crude petroleumdamatural gas
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Energy production:

ISIC Group 191 - Manufacture of coke oven products

ISIC Group 192 - Manufacture of refined petroleuroqucts

ISIC Group 351 - Electric power generation, trarssian 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 producingadtity and heat. This distinction
is irrelevant in the tables presented when we kcproduction of heat and
electricity in combination. The energy balancedude heat and power generation as
a combined activity.

Energy balances — transport activity and industry atistics

In the energy balances energy use related to rmaédair, sea and pipeline transport
are placed under the separate aggregate item:sSpoati. The exceptions are energy
used for fishing vessels, which are allocated ishihg’ (IRES 2011, 5.89); and
energy use for tractors and other off-road vehidesot regarded as transport (IRES
2011, 8.41).

In contrast, the energy accounts attribute the womion of fuels by transport

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

associated with this activity is allocated to theustry 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. Thefulkesls 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 householutgl £€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 ‘supppresents 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 =
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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, tlftemmodity balances’ define
supply in the following way (IRES 2011, Annex C)

Supply =

Production

+/- Transfers between commodities

+ Imports

- Exports

- International (aviation and marine) bunkers (@sliaable)
- Stock changes

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

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@ries’ in SEEA-Energy (and in
the 2008 SNA, as well as in commercial accountikgiyther, energy balances place
stock changes (inventory changes) as part of syupglgh that an increase of
inventories is seen as decreasing the supply ofptiogluct, 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 energyruas excludes exports and fuel
purchased abroad by domestic ships and aircrafentiaking international voyages.

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

Supply (SEEA-Energy) =
Production (output) + Imports (according to tesidence principle)

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

The ‘use’ concept operating within SEEA-Energy ud#s all final use — as defined
in the national accounts — including exports andeiriory 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-residemit. It should be noted that
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refueling and bunkering by resident airplanes arigssabroad is also included in the
supply and use of the energy accounts.

By SNA convention, inventory changes are recorde@ ase in SEEA-Energy, that
is, an increase of inventories is a use, while erelese in inventories is a negative
use (since it leads to more of the product beirgjlable for other uses).

The term ‘final consumption’ within the energy batas excludes the use of energy
products in the energy industries and by other ggnegroducers as input into
transformation and energy industry own-use. InrtAgonal accounts, the term ‘final
consumption’ is used to denote the use of goods sewvices by individual
households or the government to satisfy individmatollective 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 satmien within the energy balances.
Instead reference is made explicitly to householthsamption, changes in
inventories, exports and so on. In addition, thentéend use’ is introduced into
SEEA-Energy to denote a concept of energy use dikuu the use for
transformation processes.

Energy balances - statistical difference

In concept, supply of energy products will equat w$ these products. However, in
practice there are usually differences between rtteasures of supply and use
generally due to the use of different data souered conversion factors from mass
to energetic units Energy balances will, in pragtiexplicitly include an item for
statistical difference. The difference as calcudate the energy balances can be
positive or negative depending on whether the dated supply is higher or lower,
respectively, than the calculated use.

SEEA-Energy accounts do not include an item fotistiaal difference as this is an
issue of compilation practice. Energy accountanty mvish to investigate the
reasons for the discrepancies and decide on alpasase basis how to reduce and
allocate them. The forthcoming ESCM will providetaitss on compilation issues
related to statistical difference.

Bridge tables linking energy balances and energy aounts

When a country introduces SEEA-Energy accountsggdly the accounts will be
implemented using energy statistics and energyniceka as the basic data providing
the vast bulk of information required. Under thesecumstances, 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 d&septed by energy statistics and
energy balances must be made. Box 3.1 summarizemdn adjustments needed.
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3.176 Further, in order to show the links between themmincepts and aggregates of the
energy accounts and the underlying energy stadisticl energy balances, countries
may choose to compile bridge tables. Tables 3.1D3&h1 present bridge tables for
supply and use, respectively. The bridge tablesvstin® additions and subtractions
needed to reconcile the bases used in the enepgpuats and energy balances.

3.177 Table 3.10 starts with the supply of the energyabeés. By adding international
marine bunkers, exports, inventory changes andhases by residents abroad the
total supply as presented in the SEEA-Energy acisoisrobtained.

3.178 Table 3.11 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 imr twdecsach the end use as
recorded in SEEA-Energy.

3.179 For both Table 3.10 and Table 3.11 the bridgingasied out in respect of energy
product details. Such details are available in dgaad accounts of both the energy

accounts and the energy balances.

3.180 Table 3.12 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 imports/exparts order to include imports and exports from énergy balance
onto an energy accounts basis, adjustments areethdedrelate them to transactions betw
resident and non-resident units independently @fdbation where the transaction takes plact

Other adjustments for geographical coveratyeorder to compile energy accounts, a numb
items in the energy balances, in addition to ingpa@mnd exports, need to be adjusted fo
residence of the units involved. This is the caseirfternational marine bunkering and for

items in the bottom block of the energy balancedsted to ‘final consumption’ (IRE$

paragraphs 8.33 — 8.34, and Table 8.1). In faetdifierent uses of energy products of the en
balances need to be disaggregated so that theybearecorded as intermediate/house
consumption when the unit is resident — or expdrénvthe unit is non-resident and need t
complemented with the use by resident units abrdhd is similar to the case of internatio
bunkering.

It should also be noted that, in principle, theighhbe some additional adjustments necessg
the geographical coverage to exclude and/or inctadéorial enclaves in the rest of the wo
These areas are clearly demarcated land areas &#suembassies, consulates, etc.) locats
other territories and used by governments that owment them for diplomatic, military
scientific purposes. These areas are excluded thherbasic statistics and energy balances,
they are included in the statistics presented byatttounting framework.

Reallocation/regrouping of data to the relevant@Sdlivision/class In order to compile th
energy accounts, information has to be regroupedrding to the different ISIC division/class
Information on ‘transport’, ‘non-energy use’, ‘eggrindustry own use’ and ‘primary productic
are example of items that need to be reallocateddar to present information on an ISIC-bg
tabulation such as that used in SEEA-Energy.
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Additional data items necessary for the compilatbbenergy accounts

In order to compile energy accounts, it is impdrtam have information that allows for the
adjustments presented. Such information includesefample, the breakdown of the delivefies
for international bunkering of resident and noridest units; deliveries to resident and non-
resident final consumers; and use of energy predugctesident units abroad. The additional gata
items depend to some extent on the methods usadke adjustments to the energy balances.

In view of the above differences countries are armmged to clearly document and make
available the methods used for the reallocationasiidstments of data provided by basic engergy
statistics and balances to the energy accountsil®ein good country practices in this respect
will be provided in the forthcoming Energy StatistCompilers Manual.

Source: International Recommendations for Energsistics (IRES, 2011), Chapter 11.

Table 3.10 Bridge table for domestic supply and tai supply*®

Supply (Energy +international Purchased by ~ Supply (SEEA-
Balances) marine bunkers Exports  Accumulations residents abroad Energy)
Coal 244.1 1.9 -21.0 225
Peat and peat products
Oil shale/ oil sands
Natural gas (extracted) 395 395
Natural gas (distributed) 166.1 201.0 2.0 369.1
Qil (e.g. conventional crude oil) 360 361.0 721
Qil (oil products) 996 44 80.0 -3.0 160 1277
Biofuels 7 7
Waste 109.1 1.0 0.3 110.4
Electricity 134 100.0 234
Heat 78.5 785

Nuclear fuels and other fuels nec

Table 3.11 Bridge table for final consumption andnd use of energy

Energy sectors use of

Final consumption +international energy for supporting Purchased by End use (SEEA-
(energy balances) marine bunkers Exports ~ Accumulations activities residents abroad Energy)
Coal 21.1 1.9 -21.0 2
Peat and peat products
Oil shale/ oil sands
Natural gas (extracted)
Natural gas (distributed) 77.1 201.0 2.0 2.0 282.1
Qil (e.g. conventional crude oil) 930 361.0 1291
Qil (oil products) 44 44 80.0 -3.0 6.0 160 331
Biofuels 7 7
Waste 78.1 1.0 0.3 79.4
Electricity 131 100.0 3.0 234
Heat 76.5 2.0 785

Nuclear fuels and other fuels nec

19 Exports are removed prior to the calculation of sigpply or availability in the energy balances and
hence need to be added back.
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Table 3.12 Comparison of Energy Statistics, EnergBalances (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

85

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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Chapter 4: Monetary Flow Accounts

Introduction

The production and use of energy is important tahbthe economy and the
environment. While energy production is an ecoroathy significant activity,
energy itself is required for virtually all formd$ economic production and therefore
the energy products used, how they are produced,they are distributed and by
whom they are used are all of socio-economic imguré. Equally, these choices
have profound implications for the state of the gibgl environment.

SEEA-Energy provides a range of monetary infornratd interest to policymakers.

The principles and structures underpinning this etary information allow it to be

integrated with a range of information about thggbal environment and to thereby
support powerful analyses of economic and envirartale 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 controlah®unt and type of emissions
arising from energy production and use. It isinstive to identify environmental
transactions within the key aggregates of the SN @& combine this with
information on changing environmental pressuregorimation on these transactions
may be used to assess whether economic resoureeteddo reducing pressures on
the environment and maintaining the capacity oféhgironment to deliver benefits
are being used effectively. The information alaports 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 charatiterisand uses of combined
presentations and provides a combined presentafiaronetary 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 itapborenergy-related transactions.
This chapter largely summarizes the discussionB&E/ Central Framework which

presents a more detailed treatment of some of ¢hermgl concepts.

Valuation rules and principles for monetary fow accounts

Introduction

For monetary accounts, there are clear guidelime®igning the valuation of various
types of flows within the economy. This section aé@ses valuation based on market
prices, which is the starting point from which tsantions are valued within SEEA-
Energy. In many cases, the prices received byywmext differ from the prices paid
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by purchasers. Accordingly, this section providesggeneral description of the
various types of prices used in SEEA-Energy andr tlgplication within the

monetary supply and use tables. It provides furthescription of the impact on
these prices arising from the recommended treatnoértaxes and subsidies on
products, and trade and transport margins.

4.2.2 Valuation rules and principles
Valuation at market prices

4.6 In SEEA-Energy as in the SEEA Central Framework #r@SNA 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 somethfrmm willing sellers. Market
prices involve an exchange between independenteganh the basis of commercial
considerations only, sometimes called ‘at arm’gtah

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

Basic, producer and purchaser’s prices

4.8  When energy is purchased or other energy relatuséctions occur, the amount
ultimately received by the producer or supplietttd product is likely to differ from
the amount paid by the purchaser. The differermeldc be due to a number of
factors such as taxes, transport costs, wholesaleetail margins and/or subsidies.
To take these different factors into account thdidgerent 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.

4.9 The basic price measures the amount retained byribgucer and is, therefore, the
price most relevant for the producer’s decision mgkThe purchasers’ price of a
good includes any transport charges paid separbtetiie purchaser to take delivery
at the required time and place. This is the pnuest relevant for the purchaser. A
more detailed description of prices is presentedSEBEA Central Framework,
Section 2.7.3

20 Applying the market price principle to the valwatiof mineral and energy assets is challengingesinc
market prices are generally not observable. A nunebéechniques are suggested in the SNA (see 2008
SNA Chapters 10 and 13) for the estimation of miapkizes of assets in situations where no developed
asset market exists. A full description of the eliéint techniqgues and approaches relevant to
environmental and economic accounting, in particdlacussion on the use of Net Present Value (NPV)
approaches, is contained in Chapter 6.
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4.10

4.2.3

4.11

4.12

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

Due to the importance of imports and exports ofrgneproducts 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 #p@rer's and importer’s borders.
For imported products, c.i.f. valuation correspotala basic price valuation.

Taxes and subsidies on products

Of special interest in the area of energy polioy #ose taxes and subsidies payable
per unit of energy product. These taxes on pradeen be subdivided into value
added type taxes and other taxes on products. |atter include taxes named for
their tax base, e.g. petrol taxes, but also CORBdaxhere the tax base is the unit of
energy involved in the transaction. However, if @nissions tax is levied on the
emissions and not on the use of energy, the tamoiscategorised as taxes on
products, but instead asher taxes on production(2008 SNA, 7.97).

Taxes and subsidies on products are often a pbinigb focus in the area of energy
policy. Taxes are compulsory, unrequited paymeimszash or in kind, made by
institutional units to government units. The tax may be a specific amount per unit
of quantity (e.g. volume or weight), or it may beaculated 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 produprasluced, sold or imported,
but it may also become payable in other circumstansuch as when a good is
exported, transferred, delivered, or used for ownstmption. (2008 SNA, 7.88).

21 For details on the definitions of the differenpég of taxes refer to 2008 SNA paragraphs 7.79%, 7.

8.52 —

8.64 and 10.207.
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4.13

4.2.4

4.14

4.15

4.16

4.3

43.1
4.17

4.3.2
4.18

Examples of taxes on products include: value addad(VAT); taxes on exports;
and taxes on imports.

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

Trade and transport margins

When energy products are sold through wholesaledsratailers, 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 & khyer. If the transport
activities are charged separately, regardless dthdr it is the producer or another
unit which undertakes these transport activitiae,¢harges are recorded as transport
margins. Transport margins, together with tradegms, and taxes and subsidies on
products, make up the difference between basiepramd purchasers’ prices.

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

Monetary supply and use tables

Introduction

This section describes the form of a monetary suppd use table.Monetary supply
and use tables are closely related to the physigpply and use tables, described
earlier. This description is followed by a mordalked discussion of the workings

of the monetary supply table for energy productd #me monetary use table for

energy products.

Monetary supply and use tables

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

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

i.  produced by industries in the national economyida known as output)
ii. brought in from the rest of the world (a flow knows imports).

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

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

ii. the products can be consumed by households (akitmwn as household final
consumption);

ii. the products can be consumed by governments (akimwn as government
final consumption);

iv.  the products can be sold to the rest of the walfldw known as exports); or
v. the products can be held as inventories for lase?4u

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

4.3.3 Monetary supply table for energy

4.22 The monetary supply table for energy products, &ahl2, shows the value of
domestic production for various energy products #relvalue 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.

22\When products are withdrawn from inventories ibsguent accounting periods they are effectively re
supplied to the economy at that time. By accountiogvention, the net change in inventories (addgio
to inventories less withdrawals) during an accaunperiod is recorded as a “use” of products.
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Table 4.2 Monetary supply table for energy products

Flows Total Taxes (net) Trade andTotal supply|
from the supply at transport at purchaser|
rest of thi basic prices margins

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

Peat and peat products

Qil shale/ oil sands

Natural gas (extracted) 12 289 12289

Natural gas (distributed) 19344 19344 4252

Oil (e.g. conventional crude oil) 48 455 48 455

Qil (oil products) 26818 52757 79575 27372 7800

Biofuels 105 10 a7l 286

Waste 768 257 932 1957 482 894

Electricity 23741 1778 25519 16 148

Heat 13538 13538 6135

Nuclear fuels and other fuels nec

Energy for own use

Total 873 60744 27085 56 794 59250 204 746 54 592 8798
4.23 Following the typical national accounts practicecamts of taxes and subsidies are

4.3.4
4.24

4.25

4.26

4.27

presented as taxes less subsidies (taxes, net)ableT4.3. If information is
available, it is possible to show the taxes andsklibs separately.

Monetary use table for energy

The monetary use table for energy is presentedeueral stages. The top part of
Table 4.3 shows the monetary use table for energyurchasers’ prices. It records
the amounts paid by users for the various energgymts used. As in the physical
use table for energy (Table 3.5), the use is divigo intermediate consumption by
industries and other uses including household cmpsion, exports and inventory
changes. In contrast to the physical use table, ttonetary use table includes
entries only where monetary transactions take pladeus, for example, residuals do
not appear in the monetary use table for energy.

For each energy product, the total use at purcbaggices is equal to the total
supply at purchasers’ prices as presented in the dalumn of Table 4.2. This
reflects the following accounting identity for threonetary energy flows:

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

Total use at purchasers’ prices = Intermediatewopsion + private consumption +
inventory changes + exports
All energy used by the government is recorded aput® to intermediate
consumption; hence this column is omitted. The ofeenergy products is not
regarded as capital formation with the exceptiorclodinges 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 kgssidies, trade and transport
margins, and use at basic prices.
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4.28

4.29

4.30

4.31

4.32

The taxes less subsidies paid in relation to eaehrgy product are allocated to the
users of the energy products. It is assumed thatlhe 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 producerbywholesale and retail traders on
behalf of the users. The allocation of taxes amukglies on products to the users of
energy products is therefore based on modelled ngssons, and not on direct

observation of flows of taxes and subsidies on pectsl 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 furthesggcific taxes and subsidies, for
example, tables can be set up for VAT, CO2 taxesaiher energy taxes.

Trade and transport margins are allocated to usenefrgy products. For each
energy product, the total of trade and transpontging in Table 4.3 corresponds to
the margins presented in the supply table, Talle As with taxes allocated to uses,
the allocation of trade and transport margins hasbe based on modelled
assumptions, since the allocation is not direchigervable.

Although the allocation of taxes less subsidiepooducts and transport margins by
users may be challenging in practice, the resultaiges are useful for analysis. In
addition, setting up supply and use tables that theesame concept of price is
instructive for the compiler, since it ensures domsistency 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 productstieat and transport margins from
use of energy products at purchasers’ prices, @alde at basic prices is obtained.
This table shows, for each energy product and efdhe user categories, the total
use of imported and domestically produced energdupets. A further breakdown
may be made within separate tables for use of dompsoduced energy products
and imported energy products by using informatiomd aassumptions on market
shares, etc.

The accounting identity that total supply at bgsices (Table 4.2) is equal to total
use at basic prices (Table 4.3) for each energgdymbis fulfilled. This can also be
expressed by the identity:

Total supply at basic prices = Imports, c.i.f. o@estic production at basic prices

Total use at basic prices = Intermediate use aidpsces + Private consumption at
basic prices + Inventory changes at basic priceSxports at basic prices
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4.4
44.1

4.33

4.34

4.35

4.36

4.37

4.4.2
4.38

Combined presentations for energy

Introduction

The presentation of data in a format that combipdgysical and monetary
information is one of the most powerful features SEEA. This feature allows
SEEA-Energy to provide a wide range of informatieross various energy-related
themes and to derive indicators that combine playsiod monetary information.

SEEA-Energy utilises integrated accounting struegurwithin its physical and

monetary tables — this, along with common undegyaecounting rules and principles
utilised throughout the physical and monetary aot®wand data provides a strong
basis for combined presentations. Such integridadats 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 presentéth usonsistent classifications and
definitions, and therefore these presentations aked combined physical and
monetary presentations.

Different forms of combined physical and monetangsgentations are possible and
indeed there is no standard form for these predenta Often physical flows data are
presented alongside information from the monetapp$/ and use tables but even for
this basic structure a range of combinations isides. The structures chosen for the
combined presentations will depend on the availaldea 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 farious types of energy products;
and/or the emissions associated with use of enamggyucts by various users of energy
products. The combining of monetary and physin&drimation related to energy can
also support an informed assessment of policy todf$e for example, when
considering the introduction of a tax on carbon ssioins, a combined presentation
could inform of potential impacts on energy pripasd by various energy users and of
potential impacts on the profits of energy supgliand on the total costs of energy
users.

This section provides general guidance on the clatign of combined physical and
monetary presentations. In doing so, it provides example of a combined
monetary and physical supply and use presentaborefiergy and suggests other
possible combined presentations for energy.

General principles of combined presentations

While the presentation of information in a formdiat combines monetary and
physical information is one of the most powerfuhtigres of SEEA-Energy and the
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4.39

4.40

4.4.3
4.41

4.42

4.43

SEEA Central Framework, the success of these ptetsams 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 inm@nner consistent with economic
transactions as presented in the SNA. That isethifferent types of information

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

consistent use of residence principle) should matictoughout the combined

presentation. This ensures a consistent compa$s@nvironmental burdens with

economic benefits, or of environmental benefitshveitonomic costs. These linkages
can be presented not only at the national leveldish at disaggregated levels, for
example, in relation to physical regions, or spedifidustries, 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 presentations are put togethisrimportant to be aware of any
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 involthe juxtapositioning of
monetary supply and use of energy products agdhestcorresponding physical
supply and use of these products. The flows censitl within physical supply and
use tables for energy include those related toggnEom natural inputs, to residuals
and to energy products. For monetary supply areltables related to energy, the
range of flows is essentially confined to energyducts supplied and used.
Consequently, it is possible to juxtapose monetany physical supply and use flows
for energy — but only for the supply and use ofrgpéeroducts.

Energy consumed through intermediate use, and enkrgt after it has been
produced, are both included in the physical sugphle. In contrast, the monetary
supply and use tables contain only those flows cased with an economic
transaction. These flows correspond to the blodhia the PSUT related to the
‘energy products’.

The supply or use of energy may provide the basisaftax (or subsidy) even where
no monetary transaction takes place. For instatime production of electricity by

wind power may attract a subsidy, even where nomecoc transaction for the wind

power is recorded in the accounts. If a tax (dyssiy) transaction occurs in relation
to such non-marketed energy flows, it should bemded in the monetary supply and
use accounts.
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4.44

4.45

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, they provide patdly valuable information about

the supply and use of various energy products tjitout the economy. In addition,

these prices provide a powerful data editing tawl statisticians seeking to ensure
the coherence and quality of their data outputs.

Combined physical and monetary supply table forgyne

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

Table 4.4 Combined physical and monetary supply tdb for energy products

Agriculture,
forestry and

Mining and
quarrying

Manufacturing  Electricity, gas, steamiTransportation Other
and air conditioning  and storage  industries

fishing supply

ISIC A ISIC B

Energy products-Monetary
Production of energy products by SIEC class
Coal
Peat and peat products
QOil shale/ oil sands
Natural gas (extracted)
Natural gas (distributed)
Oil (e.g. conventional crude oil)
Oil (oil products)
Biofuels 105
Waste 76€
Electricity
Heat
Nuckear fuels and other fuels nec
Total supply of energy products &73
Supply of other products 64 251
Total supply, all products 65 134
Energy products-Physical
Production of energy products by SIEC class
Coal
Peat and peat products
QOil shale/ oil sands
Natural gas (extracted)
Natural gas (distributed)
Oil (e.g. conventional crude oil)
Oil (oil products)

12289

48 455

60 744
4288
65232

395

721

ISIC C

26 818

257

27085
583 437
610 522

ISIC D ISIC H

19 344

171

23741
13538

56 79¢.
261 351 256
053 351 256

1773 950
1773 950

369

12 289
19 344
48 455
26 818
286
1025
23741
13538

145 496
2777 653
2923 149

395
369
721

3783

52 757
932
1778

59 250
741950
801 200

225

3783

12289
19 344
48 455
79 575
286

1957
25519
13538

204 746
3519 603
3724349

225

395
369
721

4252

27372

482
16 148
6135

54 592
210 8886 726
4865 -16 726

54 592
194 162
248 754

104 4090

12 289
23596
48 455
114 747
286
894 3333
41 667
19673

7800

8798 68 136
3704 957
3973103

347 347 930 1277
Biofuels 5 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
4.46 Table 4.4 is comprised of two parts. The top hig@écribes the monetary supply of

4.47

energy products in monetary units and is organaediescribed in the discussion
related to monetary supply and use tables (in Secti3). Energy products appear
in the rows of the table, while the columns presafdrmation on the industries
supplying energy products. The supply of otherdpiais and the total supply of
products in monetary terms are also show so astterassess the role of the energy
sector within the economy. The bottom half of Taldld 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 supplycsitthere is no market transaction
for such production.

Combined physical and monetary use table for energy

Table 4.5 shows the form of a standard combinedsigh) and monetary use table
for energy. The table contains two parts. The bapf of Table 4.5 provides
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4.48

Energy products

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 rowsghaf table, while the columns
present information on industry use of energy potslland 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 columnsp@heith other types of energy use.
The part of the table relating to physical use oérgy conforms to the principles
and structure of the physical use of energy tabldescribed in Chapters 2 and 3.

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

Table 4.5 Combined physical and monetary use tabfer energy products

Intermediate consumption
Miningand _ Manufacturing Electricity, gas, steal Transportation and _ Other industries,
quarrying and air conditioning ~ storage

Private consumuption and other

“Agriculture, Total Accumulation  Floathe  Total
forestry and
fishing

ISIC A

Households

rest of the
rid

ISIC B 1SIC C

Energy products by SIEC class-Use table at puchasizes

O shael ol s
Natural gas (extracted) 12289 12289
Natural gas (distributed) 117 109 2858 3578 73 1906 8641 5587 138 23m 14 955
Oil (e.g. conventional crude oil) 4740 4740 43715 43715
Oil (oil products) 4377 114 22621 964 35744 9461 73281 26218 2279 12969 41 466
\g:zl‘ﬁc?ly 11;06 46 5110629 E24782 1401 5)7135 1237219 22124984 a 64:24 24342876
T T S e 5895 279 36 612 21610 37420 25938 127 754 7367 2173 70472 140 382
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
5\;:2‘(:'5 3 4 327 1 425 31 1 24
:5:\lear fuels and other fuels nec 2 " : ! . T “ .
Total end-use for energy purposes 50 3 419 91 632 96 1201 240 -22 745
4.4.4 Other combined presentations for energy
4.49 1t is not necessary to complete an exhaustive phayssupply and use table for
energy in order to present valuable combinationghyfsical and monetary data. On
the contrary, it is possible to create highly imf@tive combined presentations while
using only limited data variables. In some casety a limited range of data may be
available and often only a limited range of dataniseded. In other cases,
information on stocks of mineral and energy ressuie physical and monetary
terms as well as other socio-economic variable sascemployment can be added to
the combined presentation. What is critical is ttie data used in the combined
presentation appropriately inform the environmem@bnomic concerns of
policymakers.
4.50 For example, the introduction of a price on carleomissions — either through a tax

on such emissions, or through the introduction afcheme requiring the use of
tradeable permits to emit carbon — is typically ivated by a desire to reduce
carbon emissions to air to improve the qualitylsf environment. Nevertheless, the
use of these policy tools will usually have sigcéiint implications for the economy.
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Total use

4090

12289
23596
48455
114747
286
3333
41667
19673

268136

1

282
361
1211

79
339
79
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4.51

4.52

4.5
4.53

4.54

There may be concerns about the cost of such scheortbose businesses supplying
energy products, as well as for businesses andeholds who use energy products.
Governments will be acutely interested in the pbémrevenue raised by carbon
taxes and carbon emissions trading schemes; atiteiguestion (and cost) of any
related monetary compensation for affected houskhsland/or businesses within
the economy.

To assess the possible impacts of introducing eeposh carbon emissions, therefore
requires a range of monetary and physical datar éxample, physical data on

carbon emissions related to various energy prodiactd to various users and uses of
these products) to assess whether carbon emismigats are being achieved. And a
range of monetary data to assess the impact ofstieeme on prices, profits,

household and business expenditure (and saving) gowtrnment revenue and

spending. As stated, these data must be cohenentedatable — in short, it requires

a combined presentation of data using informati@sel on the principles of

integrated environmental-economic accounting, axuieed in SEEA-Energy and in

the Central Framework of the SEEA. The use of doedb presentations to inform

this (and other) issues is further illustrated ima@ter 7.

Combined presentations are also useful in the daon of many energy related
indicators. Proper juxtaposition of information che used to derive indicators on
among others, energy efficiency, energy expenditurg different industries and
households and energy intensity.

Environment related activities and expenditure

SEEA Central Framework describes in detail Envirental Protection (EP),

Resource Management (RM) and the Environmental Goaud Services Sector
(EGSS). In the context of SEEA-Energy relevant emminental protection (EP)

expenditures include those expenditures for eneetpted pollution abatement. For
example, it could be highly informative to combitiene series information on

expenditures linked to energy related SO2 abatenfdmse could be compared to
corresponding data on energy related SO2 emissiodsalso to data on levels of
production for those activities closely associatgth SO2 emissions.

Another example relates to the energy-related @aBGSS statistics which includes
data on expenditures on renewable production tdolggcand production of energy-
saving goods. This information can be of high pplielevance especially when
considered in conjunction with other physical andnetary data in the SEEA-
Energy Accounts.
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4.6 Other transactions related to energy
4.6.1 Introduction
4.55 The national accounts contain a wide range of @efisns related to energy. This
section focuses on other transactions in the catéomal accounts framework that
may be of interest in the analysis of the econoasigects of energy. Some of these
transactions might also be identified as havingeamironmental purpose and hence
are considered environmental transactions. Whertrresactions are related to the
environment, they are within scope of SEEA Cenfaramework.
4.6.2 Presentation of certain transactions for emgy
4.56 Table 4.6 shows taxes on production and subsidikeded to energy production and
use. Table 4.7 records energy-related propertyonm& income taxes, social
transfers and capital transfers.
Table 4.6 Taxes on production and subsidies related energy production and use
ISIC B ISIC C ISIC D Other Households | Government | Rest of the Total
05 - 06 - 19 - Manufac- | 351 - Electric 352 - 353 - Steam | industries world
Pay- Receil Pay- Receiv] Pay- Receiv]{ Pay- Receiv] Pay- Receiv- Pay- Receiv{ Pay- Receiv] Pay- Receivi Pay- Receiv] Pay- Receiv{ Pay- Receiv-
able  ablef able able] able able] able able] able able] able ablg able able] able ablgl able able} able ablgl able abld
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 9
Other products 52f 52 52 52
Other subsidies on production 30| 100y 63 193 193 193]
Total 135 82| 21 161 1000 32 157 63 17 422 7 253 569 3 1 822 822
4.57 In Table 4.6 the columns relating to industriesyggament, 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 receid®y government. Subsidies are
paid by the government and received by industmasteouseholds. The columns for
the total economy, including the rest of the worsthow that the total amounts
payable equal total amounts receivable.
4.58 The payments of rents are presented in Table 4i7{He payments are shown by

institutional sector. In this table rent is paig hon-financial corporations and
received by government. In principle, other ingtdgoal units may also receive such
payments.
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Table 4.7 Property incomes, income taxes, sociabinsfers and capital transfers related to

energy

Non financial corporations Households

Government

Rest of the world

Total

Receivable

Payable Payable

Payable

Payable

Payable

Receivable

Currency units

Property income
Rent
Current taxes on income, wealth, etc.
Taxes on income
Social contributions, benefits and transfers
Social benefits other than social transfers in kind
Social transfers in kind
Other current transfers
Current international cooperation
Capital transfers
Capital taxes
Investment grants
Other capital transfers

5000

14 158

50
410]

410]

330f
40]

370|

330
40

600

410

100
1480

5 000}

14 158

50

19 208

600}

100
700}

5000

14158

330
40

600

50

410
100

20 688

5 000

14 158

330}
40

600

50}

410
100]

20 688}

|Total

19 208

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

Social benefits and social transfers in kind reediby households such as consumer
subsidies for energy are normally recorded in theoants as if the recipient has

received monetary transfers which is then immetijaised to purchase the products
concerned (SNA 2008, 3.82). In the example preskim Table 4.7, the payments

are entered as received by households from governme

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

4.59
Table 4.7.

4.60

4.61
producing corporations
government.

4.62

The last row of Table 4.7 includes for each instal sector the total amounts of
property income, income taxes, social transfers capital transfers received or paid
in relation to energy.
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Chapter 5: Physical asset accounts for energy

Introduction

Assets are items considered to be of value to Bocilm economics, assets are seen
as stores of value that, in many situations, alsovide inputs to production
processes. More recently, there has been consideraf the value inherent in the
components that comprise the environment and tpetenthe environment provides
to society. The term environmental asset has beed to denote the source of these
inputs which may be considered in both physical srmhetary terms.

Asset accounts for mineral and energy resourcesinisg relevant information
including the levels and values of stocks of theéursl inputs and the changes in
these over time. Flows of extraction, depletior @liscoveries are central to the
asset account and in turn these can provide vatuiaibbrmation about the mineral
and energy resources that an economy relies upon.

Mineral and energy resources such as coal andreiluaique in that they can be
extracted and used through economic activity buinoa be renewed on any human
time scale. It is therefore important to know tamount of mineral and energy
resources held and, over time, the type and exiEehanges to these levels. This
knowledge can be used by policymakers to determfoe,example, the likely
operating life of existing mineral and energy raseg. This could provide an
indication of future requirements for energy impgorand threats to national energy
security. It could also provide motivation and énframe to plans to adopt
renewable energy sources.

This chapter discusses mineral and energy resoumndsdescribes the relevant
categorization of these inputs according their pdgischaracteristics and according
to criteria related to the extraction of these spuA number of basic physical asset
accounts for energy are presented and explainediydimg the measurement of
physical depletion of energy natural resource iapunventories of energy products
are also defined and discussed. A table is predeht records, in physical terms,
inventories of energy products, including a decosifan of changes in inventories
for a range of energy products

Definition and categorization of mineral ad energy resources

Introduction

In physical terms, mineral and energy resources eagegorised along two
dimensions; firstly, according to the physical dweristics of the resource; and
secondly, according to the viability, feasibilitynca geologic knowledge of the
resources. This section defines mineral energyuregs and, because of the lack of
a standard international classification in thisaarprovides some practical guidance
around this definition. An important exercise ielation to mineral and energy
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5.2.2

5.6

5.7

5.8

5.9

resources is the categorization of these resourcesder to derive groupings of
mineral and energy resources into ‘known deposits ‘@otential deposits’ — since
the latter are not included in SEEA-Energy. Thectism concludes with a
description of certain recording principles and wifits used in physical asset
accounts for energy.

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

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

resources, natural gas resources, coal and peairoes, and uranium and thorium
resources. Note that the definition of mineral amergy resource in SEEA-Energy
is necessarily narrower than that in SEEA-Centrantework. As used in SEEA-

Energy mineral and energy resources include onbsehresources that related to
energy, while in SEEA Central Framework the defaritis broader and it includes
non-metallic and metallic minerals. There is noeintationally agreed detailed
classification for mineral and energy resourcesatlé for statistical purposes. In
defining mineral and energy sources within SEEA{§gea number of clarification

points are therefore required.

While firewood in forests and other stocks of bi@®an nature can be used for
energy purposes and are included as energy natesmlurce inputs, no asset
accounts are compiled because, overall, these sasset not primarily used for
energy purposes. They are instead recorded asgidal resources within the asset
accounts of SEEA Central Framework. Neverthel#@ss,supply and use of these
inputs is presented in the flow accounts in Chap8and 4 of SEEA-Energy.

Renewable sources of energy such as wind, solahgpdidbpower are not considered
physical assets in SEEA-Energy. Except for enesgyrced from biomass, other
renewable sources of energy cannot be exhausted #ee case for mineral and
energy resources — neither can they be regeneraiduals in an accounting sense
there is no physical stock of these types of refdevaources of energy that can be
used up or sold. Nevertheless, physical flows oérgy arise from renewable
sources of energy and these flows are capturedapt@r 3 and 4.

Categorization of mineral and energy resources

Since mineral and energy resources are generaliydfdoelow the ground it is often
not known with complete precision the quantity dafsources that might be
reasonably extracted. Consequently, a key factéhé measurement of mineral and
energy resources is the concentration and qudafithgeomineral and energy resources
in the deposit, since this will influence the likmod and cost of extraction and the
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5.10

511

5.12

5.13

5.14

degree of confidence that exists regarding the tityathat can be extracted in the
future.

The following discussion is part of SEEA Centrabfrework which provides more
details. (See SEEA Central Framework Section 5ccAamex 5.3)

The framework used to define the scope of knownodiep is the United Nations
Framework Classification for Fossil Energy and MaleReserves and Resources
2009 (UNFC-2009). The UNFC-2009 is a generic amekilble scheme for
classifying and evaluating quantities of fossil myyeand mineral resources.

The UNFC-2009 categorizes mineral and energy ressuby looking at whether,
and to what extent, projects for the extractionemploration of the resources have
been confirmed, developed or planned. Based onmatirity of the projects, the
underlying natural resources are classified acogrdo a range of criteria. The
UNFC-2009 is based on a breakdown of the resouacesrding to three criteria
affecting their extraction:

e Economic and social viability (E)
« Field project status and feasibility (F)
» Geological knowledge (G)

The first criterion (E) ‘Economic and social viabil designates the degree of
favourability of economic and social conditions é@stablishing the commercial
viability of the project. The second criterion (Fjeld project status and feasibility’
designates the maturity of studies and commitmast®essary to implement mining
plans or development projects. These extend frarty @xploration efforts before a
deposit or accumulation has been confirmed to etkisbugh to a project that is
extracting and selling a product. The third cidar (G) ‘Geological knowledge’
designates the level of certainty in the geologiéalowledge and potential
recoverability of the quantities.

Known deposits are categorised into three classesh elefined according to
combinations of the abovementioned criteria from tiNFC-2009.

Class A: Commercially Recoverable Resource$his class includes deposits for
projects that fall in the categories Eland F1 amere the level of confidence in the
geological knowledge is either high (G1), mode(&®) or low (G3).

Class B: Potentially Commercially Recoverable Resesi This class includes deposits
for those projects that fall in the category E2 geentually E1) and at the same time in
F2.1 or F2.2 and where the level of confidencehim geological knowledge is either
high (G1) moderate (G2) or low (G3).

Class C: Non-Commercial and Other Known Depoaits resources 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).
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5.15 Known deposits exclude potential deposits wheraetlis no expectation of the
deposits becoming economically viable and thereaidack of information to
determine feasibility of extraction or to have ddehce in the geological
knowledge. Table 5.1 gives an overview of how thesses of energy resources are
defined based on the UNFC criteria.

Table 5.1: Categorization of Mineral and Energy Resurces

SEEA Classes Corresponding UNFC-2009 project categories
E F (€]

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 hold. ¢, .iated with
and/or where justificationas a 5 xnown
commercial development may bﬁeposit that ca
_ subject to significant delay be estimated
WSUCIUIREEREEIS] Class C: Non-Commercial E3. Extraction and sale is rF2.2 Project activities are on hold;i, 4 high

and Other Known Deposfts expected to become and/or where justification as a (G1), moderate

economically viable in the commercial development may b'fG 2) 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
oI [Selok [ Exploration Projects E3. Extraction and sale is r F3. Feasibility of extraction by a Estimated
(leialpeliiel=lelig 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 technical 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 appeofor development and projects justified for depeient

2. Includes economic and marginal development ptejeending and development projects on hold

3. Potential Commercial Projects may also satiséyrequirements for E1.

4. Includes unclarified development projects, nable development projects, and additional quaastith place
Source: UNFC-2009, Figures 2 and 3

5.16 The scope of known deposits is broader than thpesod deposits that underpins the
measurement of energy resources in the SNA. InSiNA the scope is limited to
deposits that are commercially exploitable givenrenot technology and relative
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5.2.3

5.17

5.18

5.19

5.20

5.21

prices.”® The broader scope of known deposits is applied SBEA Central
Framework and SEEA-Energy to ensure that as broathderstanding as possible is
obtained on the availability of the stock of energgources. Issues associated with
the scope of the valuation of mineral and energppueces are discussed further in
chapter 6.

Units and recording principles
Units

The physical asset accounts for energy use diffevaits such as tonnes, cubic
metres, oil equivalents, petajoules (PJ), etc. dépg on what is the most
appropriate unit for a given resource. The sameshould be used throughout the
account for a specific mineral and energy resouncerder to ensure consistent
accounting throughout the presentation (i.e. apwglyihe various changes to the
opening stock allows derivation of the closing &joc By applying conversion

factors, it is possible to convert the accountanfrone unit to another (e.g. from
tonnes to PJ). Annex Al includes general factorsufe in the calculation of such
conversions.

When all resource accounts for the various typesrmdrgy are converted to a
common energy unit, usually joules, the accountdridividual mineral and energy
resources can then be combined into one asset riceypressing opening and
closing stocks and changes within the period fbeaérgy stocks.

Quantification

When quantifying natural gas assets based on patduature extraction care should

be taken not to double-count quantities which atteaeted and then re-injected into
the same or other geological deposits. These diesitof gas should only be

included in the output when they are extracted lih purpose of being used in the
economy. Another operational arrangement is t@elguantities of natural gas in
controlled storage ready for further distributiom tonsumers. Under these
circumstances the natural gas should be consideprdduct and the stocks of gas in
controlled storage are treated as inventories adfreergy product.

The above approach to quantifying mineral and eneegources ensures consistent
recording within both the asset and flow accountseergy i.e. consistent treatment
of flaring of natural gas, own consumption of eneagd extraction losses.

In practice, the implementation of asset accouatsnfineral and energy resources
will rely heavily on basic quantity estimates. Eheare published by companies,
geological surveys, etc. and may reflect a rangdiféérent recording principles. It

is therefore important to research the basis onclvhihese data are recorded and

2 See 2008 SNA, paragraph 10.179.
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5.3
5.3.1
5.22

5.3.2

5.23

5.24

5.25

where necessary and possible to adjust the bagid iata onto the required basis.
Thus, for example, the Petroleum Resources ManageB8ystem developed by the
Society of Petroleum Engineers (SPE) states thafeimeral the resource estimates
should be based on sales quantities. Non-sale tigjeaninclude petroleum
consumed as fuels, flared or lost in processing giydro-carbons that must be
removed prior to sale (SPE-2007, p. 15). Whera @aé¢ recorded on this basis it is
necessary to adjust the quantity estimates baseatiditional information from the
companies, geological surveys, etc. on the usexbaaors, flaring and losses where
information is available.

Physical asset accounts for mineral and exg resources
Introduction

This section describes physical asset accountsifieeral and energy resources. The
first table reports on stocks of mineral and energgources in physical units and
aims to group mineral and energy resources into ncernially recoverable
resources; potentially commercially recoverableueses; and non-commercial and
other known deposits. It reports information gpant in time. The second table
reports on opening and closing stocks of variouserdl and energy resources, and
the changes in these stock positions over the atowy period. The various
categories of change in these stocks are definddlaacribed.

Physical asset accounts for mineral and ergy resources

Physical asset accounts for mineral and energywress should be compiled by type
of resource and include estimates of the openingcéwsing stock of the mineral and
energy resource and changes in the stock overcttruating period.

Measurement of opening and closing stocks

Ideally, opening and closing stocks of each resewtwould be classified by class of
resource — i.e. Class A: Commercially Recoverabdsdrrces, Class B: Potentially
Commercially Recoverable Resources, or Class C:-t&onmercial and other
known deposits — following the presentation in &abl2.

It is not recommended that totals across all ckgdandividual types of resources
be compiled. Because each class has a differestiHiod of extraction, simple

summation of the available resources for a specésource (e.g. coal) may give a
misleading indication of total available resources.
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Table 5.2 Stocks of mineral and energy resourceslfpsical units*)

Class of known deposit
Class A: Commerciall 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 1000 1500
Coal & peat resources (‘000 tonnes) 600 50 50

Uranium and other nuclear fuels (tonnes)

5.26 In this framework it is important to clarify thosesources for which a monetary
valuation is to be established. If this distinaoties not made, a subsequent
comparison between physical and monetary accounténtlividual resources may
provide misleading indicators of average prices agldtive availability of individual
resources.

Physical asset account for mineral and energy reses

5.27 A basic physical asset account for mineral and ggneesources is shown in Table
5.3. The following text describes the various gatées of additions and reductions
to stocks.

Table 5.3 Mineral and energy resource account (physal units*)

Type of mineral and energy resource
Class A: Commercially recoverable resources

Oil resources Natural gas Coal & peat Uranium and
(‘000 barrels) resources (m3) resources other nuclear
(‘000 tonnes) fuels (tonnes)

Opening stock of mineral and energy resources 800 1200 600
Additions to stock
Discoveries
Upwards reappraisals 200
Reclassifications
Total additions to stock 200
Reductions in stock
Extractions 40 50 60
Catastrophic losses
Downwards reappraisals 60
Reclassifications
Total reductions in stock 40 50 120
Closing stock of mineral and energy resources 760 1350 480

Additions to and reductions in the stock of enexggources

5.28 The changes in the stock in physical terms shoolisicler the following types of
changes.

i. Discoveries. Discoveries should incorporate estimates of thantjty of new
deposits found during an accounting period. Todgarded as a discovery the new
deposit must be a known deposit — i.e. in Clas8 Ay C. In situations in which a
guantity of potential deposits becomes known tagidr degree of confidence, this
increase should be treated as discoveries. Dis@svehould be recorded by type of
resource and by category of resource.
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5.3.3

5.29

Reappraisals. Reappraisals may be upwards or downwards. Theuld only

pertain to known deposits. In general, reappraigéll relate to either additions or
reductions in the estimated available stock of ecHr deposit or to changes in the
categorization of specific deposits between ClasBfor C based on changes in
geological information, technology, resource pracea combination of these factors.

Extraction. Estimates of extraction should reflect the qugntf the resource
physically removed from the deposit. It shouldlege mining overburden, i.e. the
guantity of soil and other material moved in orderextract the resource. As well
the quantity should be estimated before any refer@nor processing of the resource
is undertaken. Estimates of extraction shouldudelestimates of illegal extraction,
either by residents or non-residents, as these ammageduce the availability of the
resource.

It is noted that for the extraction of natural gage measurement of the quantity
extracted may be more difficult due to the natur¢he extraction process for some
deposits. In cases where natural gas is found wailtht is the pressure exerted by
the natural gas that causes the oil (and some alagas) to be expelled from the oil
well. Some of the natural gas that is expelled meylared rather than being put to
direct use. Some natural gas, especially afteraeiibn has been continuing for
some time, may be re-injected to increase the pressn the remaining oil and so
allow more oil to be expelled. In such caseshd hatural gas associated with the oil
is being accounted for, an allowance must be madéhe decrease in the amount of
natural gas available for other uses due to flaging re-injection.

Catastrophic lossesCatastrophic losses are rare for most energy ressu
Flooding and collapsing of mines does occur butdbposits continue to exist and
can, in principle, be recovered and the issue ia #&xample is one of economic
viability of extraction rather than actual losstbe resource itself. An exception to
this general principle concerns oil wells that dam destroyed by fire or become
unstable for other reasons leading to significastés of oil resources. Losses of oil
and related resources in this situation shouldd&&ted as catastrophic losses.

Reclassifications.Reclassifications may occur if certain deposite apened or

closed to mining operations due to a governmenisg®t concerning the access
rights to a deposit. All other changes in the ditarof known deposits should be
treated as reappraisals. Reclassifications mayceaigably be recorded if asset
accounts for energy resources are being compileiddiitutional sector

Depletion measured in physical terms

In the compilation of asset accounts the measurenoéndepletion is often a
particularfocus. In SEEA Central Framework depletion is defi as the decrease in
the quantity of the stock of a natural resourcerae accounting period that is due
to the extraction of the natural resource by ecdeoumits occurring at a level
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54.1

5.31

5.4.2

5.32

5.33

5.34

greater than that of regeneration. Hence all ektracof mineral and energy
resources are considered as depletion. Depletidmuat usually fully account for
all possible changes in the stock of an asset ameaccounting period. Depletion
measures for timber resources are part of the amsmiunts discussed in SEEA
Central Framework. As mentioned earlier, SEEA-Egedpes not include asset
accounts for natural inputs such as timber whiah reot primarily used for energy
purposes.

In physical terms, the depletion of mineral and rggeresources is equal to the
guantity of resource that is extracted, since &mgistock of resources at the beginning
of a period cannot regenerate itself on human soaes.

Inventories of energy products

Introduction

The resource accounts described in the previousosscof this chapter refer only to
accumulated quantities of mineral energy resourées, the naturally occurring
resources before they are extracted and thus beqgmomducts. This section
describes physical asset accounts for accumulatedtijies of energy products. It
presents a physical asset account for inventoffienergy products which suggests a
decomposition of changes in inventories for a raofgenergy products.

Inventories of energy products

Classification of energy products

SIEC provides the classification of energy produatsused for the general physical
supply and use tables for energy products as pregen Chapter 3. The same
classification should be used for the asset acsodat inventories of energy

products in order to ensure consistency betweemphysical supply and use tables
and the physical asset accounts for inventories.

Physical asset accounts for inventories

In addition to accumulated quantities of mineratl @mergy resources, governments
and enterprises in a country will often hold acclated quantities of coal, oil and
others sorts of energy products either for reasohsnational security, self-
sufficiency or for purely commercial reasons.

Those accumulations of energy products corresporvehat are often called ‘stocks’
within energy statistics. Thus, IRES defines stoak quantities of fuels that can be
held and used to: (a) maintain service under cantitwhere supply and demand are
variable in their timing or amount due to normal rket fluctuations, or (b)
supplement supply in the case of a supply disruptidRES further defines stock
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changes as the increase (build up) or decreas® (doan) in the quantity of stock
over the reporting period (IRES 2010, 5.16).

Using terminology consistent with the national aotis, these physical
accumulations of energy products are called inveesoin SEEA-Energy, while the
term stocks is used to designate any point-in-tirmeumulation within the economy,
whether they are mineral and energy resources emggrproducts.

The range of energy products included within theESEEnergy item ‘inventories’
includes primary energy products which are beinguawlated after extraction and
before processing takes place (coal, crude oil, natlral gas, etc.) as well as
secondary energy products which are the result fifrdoer 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 physwapply and use tables for energy
products since full asset accounts for inventoaesnergy products can be used to
corroborate the data.

Table 5.4 represents a physical asset accounnf@ntories 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 duhiagtcounting period. However,
the change items in the asset account for invesdaaie different when compared to
the asset accounts for mineral and energy resoustese the recording of

discoveries and extraction is not applicable far ithventories of energy products.

An asset account for inventories should be setougéch important energy product.
The heading of Table 5.4 lists various energy pobslu As mentioned in the
previous section, it is important to use the samssification of the energy products
as is used for the general supply and use tables.

Due to the non-material characteristics of elettiriand heat, it is not possible to put
these energy products into inventories and thustasscounts are not applicable for
electricity and heat. In practice, inventories tartain other energy products may
not exist, or may not be relevant. For instantanay not be relevant to set up
accounts for inventories of waste.
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Table 5.4 Physical asset accounts for inventories energy products

Coal Peat and pe: Oil shale/ oil Natural gas (o] 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 classification

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 ggoaf energy products - in
practice it is appropriate to implement the phyksasset accounts for inventories at a
much more detailed level, for instance, by distisbing by various types of oil and
oil products.

5.42 The units used in the inventories asset accoumseaspecific to the various energy
products, as in the example in Table 5.4, or it banconverted into a common
physical unit, e.g. tonnes or into calorific valusach as joules.

5.43 The various accounting items in the rows of thdeaye explained below. In most
cases, it is only relevant to record the openindg alosing stocks, and the total
change in inventories.

Opening level of inventoriesThe level of the inventories at the beginning loé t
accounting period. It is equal to the closing ktotthe previous accounting period.

Changes in level of inventories is the sum ofdditions, withdrawals and recurrent
losses to inventories. Additions to inventories are recorded when energy products
are purchased, produced or otherwise acquirdflthdrawals from inventories are
recorded when products are sold, used as interreed@nsumption or otherwise
relinquished. In addition,recurrent losses are included i.esuchlosses in inventories that
normally take place and should be expectddven large losses, if they occur regularly,
should be taken into account when calculating trenge in inventoriesChanges in
inventoriesare also recorded in the physical supply and uskesan Chapter 3.

Catastrophic losses and uncompensated seizures Catastrophic lossesover the
effects of earthquakes, volcanic eruptions, tidaves, hurricanes, droughts, floods
and other natural disasters as well as wars. Blatg-and conflagration of oil in
pipelines also fall under this category. In adiitio catastrophic losses, inventories
owned by a specific institutional unit can be reglliby uncompensated seizures.

Changes in classifications involve nochange in the volume of the inventories but relate
mainly to the change of a unit from one institutibsector to another (e.g. the owner of the
inventories moves from the household sector torttwe-financial corporations sector). This
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item is only relevant if the asset account iswgefor individual institutional units, and not if
the accounts are set up for the total economy. o Adlkanges from work-in-progress to
finished goods may be recorded here, if such dngisbn between inventories of

products is made in the accounts.

Other changes in inventories n.e.c. When the assumption underlying the calculation
of the rate of current shrinkage of inventoriegrésised (in relation to changes in
inventories above) this should be reflectedter changes in inventori€2008 SNA,
12.50).

Closing stocksThis is the level of the inventories at the endhs year and is equal
to the opening stock of the subsequent year.
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Annex A5.1: Tables on conversion factors, calorifiwalues and measurement

units (IRES 2011)

Table A5.1: Mass equivalents

Kilogr Metric Lon Short

0 INT amgs tons tOI’]gl tons Pounds
ERON 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 1.0 112 2240.0
Short tons 907.2 0.9072 0.893 " 10 2000.0
Pounds 0.454 0.000454  0.0004 0.00 1.0

46 05

Note: The units of the columns can be convertealtime units of the rows by
dividing by the conversion factors in the table.

Example: Convert from metric tons (ton) into Idegs:1 ton= 0.984 long ton.

Table A5.2: Volume equivalents

IN . .
Us. Imperial Barrels Cubic feet Litres Cubic
gallons gallons metres

DA 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 converteatime units of the rows by dividing by the
conversion factors in the table.

Example: Convert from barrels into cubic meterg. barrel = 0.159 cubic meter.

Table A5.3: Conversion equivalents between energyniis

Into Million

TJ Btu GCal GWh ktoe ktce
From | MULTIPLY BY
Terajoule (TJ) 1 947.8 238.84 0.2777 2.388%10 3.411x1C
Million Btu 1.0551x10° 1 0.252 2.9307x10 2.52x16 3.6x16
GigaCalorie (GCal) 4.1868xT0 3.968 1 1.163x10 10* 1.429x10"
Gigawatt hour (GWh) 3.6 3412 860 1 8.6%10  1.229x10"
Ktoe 41.868 3.968x10 10t 11.63 1 1.429
Ktce 29.308 2.778xT0  0.7x10" 8.14 0.7 1

Note: The units of the columns can be convertealtime 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 caldid values for 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
Liquefied 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 ad weight of standard

fuelwood
Percentage moisture content of fuelwood
10C 8¢ 60 40 20 15 12 10 0
Solidvolumeinm g, g 1.00 114 133 1.39 143 1416
per ton 5 0
Weight in tons 1.25 112 1.00 0.88 0.75 0.72 o070 06 06
per m 9 3
Source: UN (1987).
Table A5.6: Fuelwood to charcoal conversion table
Influence of parent wood density on charcoal prtidac
(Weight (kg) of charcoal produced per cubic metieiood)
Coniferous Aver_age Prefgrred Mangrove
wood tropical Tropical (thizophora)
Hardwoods hardwoods
Charcoal 115 170 180 285
Influence of wood moisture content on charcoal pobidn
(Quantity of wood required to produce 1 ton of cloat)
Moisture content (dry basis) 10 80 60 40 20 15 1
0 0
Volume of wood required 17 16. 13 10 8. 6. 5
(cubic metres) .6 2 .8 5 1 6 .
8
Weight of wood required (tons) 12 11. 9. 7. 5. 4. 4
.6 6 9 5 8 7 .
1

Sources: UN (1987).
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Table A5.7: Fuelwood requirement for charcoal prodetion 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
P_ortable 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 Terminology

Table A5.8: Energy values of selected animal and getal 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 noilabée.

115




6.1

6.1

6.2

6.3

6.4

6.5

Chapter 6: Monetary asset accounts for energy

Introduction

Monetary asset accounts for mineral and energyuress provide a market based
valuation of physical stocks of mineral and energsources and the changes in the
value of these stocks over time. These estimatrde related to both physical asset
accounts for energy as presented in chapter 5 lamdasset accounts and national
balance sheet of the 2008 SNA. The scope of SNgetaaccounts and balance
sheets includes all economic assets.

Mineral and energy resources are a critically ini@otlr input to almost all types of
economic activity, and the value of these resouroesy be relevant to the
measurement of a country’s total wealth i.e. wheealth includes not only human-
made capital such as buildings, machinery and pamsequipment but also the
natural resources of the country. When all typleassets are measured in a common
currency unit it is possible to assess the extenwhich decreasing mineral and
energy resources are counterbalanced by increassher types of capital.

When a monetary value is assigned to the minerdlesrergy resources of a country
it becomes possible to assess what kind of rettreing achieved on these assets,
and how this return compares to those achieveatioer types of assets being used
within the economy. These values may also servieftom on a number of flows
related to the use of mineral and energy resouiareexample rent payments for the
use of mineral and energy resources and paymetdtedeto mineral and energy
resources use for protecting and/or repairing therenment.

The production of monetary asset accounts for nain@nd energy resources allows
the development of estimates of the value of th@edmn of these resources. These
estimates are vitally important because they allbw calculation of depletion-
adjusted economic aggregates such as depletiostadjuvalue added for the
extractive industries and depletion-adjusted grbdssiestic product (GDP). These
measures provide a superior indication of the soakality of the use of mineral and
energy resources because they treat the depletionneral and energy resources as
a cost to the extractive industries and to the eoon In contrast, the 2008 SNA
treats the using up (or consumption) of fixed calpéts a cost to industries but does
not extend this treatment to non-produced (natuesi3ets such as mineral and
energy resources.

Section 6.2 of this chapter describes those minemdl energy resources considered
to be in scope of the SEEA-Energy monetary asseiwads. Section 6.3 describes
the conceptual form of the monetary asset accoaminfineral and energy resources.
Section 6.4 discusses monetary valuation of minaral energy resources, while
section 6.5provides a worked example of the deiowadf asset values and depletion
using the NPV approach.
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6.6

6.2

6.7

6.8

6.9

6.10

In addition to energy resources, monetary assebusrts record inventories of

energy products, and these are described in se6tthn The measurement of energy
resources in volume terms is explained in sectioh 6Section 6.8 describes the
possible inclusion of monetary asset accounts fberorelevant assets owned by
extractive industries, for example, extractive @quént, gas pipelines and transport
equipment. Section 6.9 discusses monetary asseuats for assets related to the
generation of energy from renewable sources.

Scope of mineral and energy resources inputs monetary asset accounts

All known deposits of mineral and energy resourcesld potentially be included in
the monetary asset accounts. If market values focks of mineral and energy
resources can be observed and quantified, theservask values should be used for
the accounts. However, in practice, many depasditaineral and energy resources
are seldom if ever exchanged on a market and thereéven if the resources have a
market value, these cannot be observed. Thus,rithdee circumstances a market
valuation of the mineral and energy resources rhagtased on assumptions of what
the market prices would have been, if the resounee traded in a market.

An estimate of these market values can be basethemssumption that a market
value reflects the expected future income an iroresbuld derive from owning and
using the resource. This expected future incomeetermined by considering the
guantities (number of physical units) of the resmsrthat will be extracted in the
future, and also the economic surplus each physioél brings to the owner and
extractor.

It follows, that we can only expect that quantitefsmineral and energy resources
have an associated positive market value if thereni expectation that the resources
will be extracted and sold with a profit at soménpdan the future. Where there is no
expectation that a resource will be extracted aaldl she market value of this
resource is assumed to be zero.

As explained in Chapter 5, mineral and energy resesl are divided into three
groups:

Class A Commercially Recoverable Resourdasludes resources for which
extraction is currently taking place or is underwayfor which the feasibility of
extraction has been demonstrated. Further, theaebdn of the resources in this
class is expected to be economically viable onbidwss of current market conditions
and on realistic assumptions for future market ctovls.

The seconcClass B Potential Commerciaésources may also be extracted in future,
but since the feasibility of extraction is subjdot further evaluation and since
extraction and sale has not yet been confirmedetedmnomic, the uncertainty related
to whether future extraction will take place istguhigh.
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6.12

6.3
6.3.1
6.13

The uncertainty related to future extraction of rggeresources included iGlass C
Non Commercial and Other Quantities in Plate even higher than for energy
resources included i@lass B

As in the SEEA Central Framework and the SNA, itesommended that for the
purposes of SEEA-Energy only the valuations of dggsdn Class A: Commercially
Recoverable Resources are included in the monesasget accounts. Class B
Potential Commercial resources and Class C Non Cential and Other Quantities
in Place are not included in the monetary assetwaus of SEEA-Energy due to the
degree of uncertainty regarding expected extragirafiles and incomes.

Countries might find it policy relevant to valua@ass B and Class C deposits of
mineral and energy resources to for example unaedsfuture potential flows of
income to the government. In such a case, a cléstinction should be made
between the valuations of deposits in each class.

Conceptual form of the monetary asset accouand links to SNA
Conceptual form of the monetary asset account

The structure of the monetary asset account foreminand energy resources is
shown in Table 6.1. All entries should be madehim $ame currency unit, and prices
may be expressed in either current prices or cohgteces. The use of current
prices is relevant in current period analysis while use of constant price is useful
in time series analysis. A monetary asset accosnliwstrated in Table 6.1 may be

set up for any individual mineral and energy reseuof interest (e.g. for crude oll,

natural gas, coal, etc.). If asset accounts haentset up for individual resource,
these may be added into an over-arching monetamst @acount showing details for
the combined total of all resources.

Table 6.1 Conceptual form of the monetary asset acunt 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
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6.14

6.15

6.3.2
6.16

6.17

6.18

The definitions of the flows presented in the mamgtaccounts align exactly with

the corresponding physical flows. Thus, the morneséacount reflects a valuation of
physical flows as recorded in the physical assebaet. The only additional flow

recorded in the monetary asset account comparethdophysical asset account
concerns revaluations, which is related to theatféd price changes on the value of
the existing stock and reflect the nominal holdgajns and losses.

Price changes will affect the value of the exististpck of mineral and energy
resources. But price changes also have the aliditgffect the proportion of the
physical resource considered to have an economiceva The latter are
guantity/volume effects arising from changes ircpri these are not accounted for as
holding gains and losses but instead as reappsaigadler increases in stocks (if
prices goes up) or decreases in stock (if pricedayen).

The link to the 2008 SNA

The scope of SEEA-Energy monetary asset accoundstha 2008 SNA asset
accounts for mineral and energy resources are imcipte the same. However,
SEEA-Energy carefully defines the scope of mineaatl energy resources to be
included in the monetary asset accounts by makeaigrence to the UNFC-2009.
The 2008 SNA, without reference to any specificssification system, simply
states:

Mineral and energy resources consist of mineralearaigy reserves located on

or below the earth’s surface that are economieadpoitable, given current
technology and relative prices. (2008 SNA, 10.179)

In the 2008 SNA, subsoil assets are defined a®thas/en subsoil resources of
coal, oil and natural gas, of metallic mineral®bnon-metallic minerals that are
economically exploitable, given current technolagyl relative prices. (2008
SNA, 12.17)

Thus, the 2008 SNA makes reference botle¢onomically exploitable reservés
general and t@roven resources Although these terms are not well-defined, the
condition that the resources should be economicabploitable given current
technology and relative prices, indicates that sltepe of the 2008 SNA asset
accounts for mineral and energy resources is theesgs for SEEA-Energy, namely
Class ACommercially Recoverable Resourcaad that energy resources belonging
to Class B and Class C fall outside the asset baynaf the 2008 SNA.

The 2008 SNA general reference to reserves carsfensed to relate to a broader
estimate of the quantities of energy resources ¢hatbe extracted (G1+G2+G3, in

Chapter 5), while the specific reference to provesources (reserves) relates to the
narrow estimate (G1 only). In contrast, SEEA-Eyergcommends that the best

estimate (G1+G2) of the commercial recoverableussss is used.
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6.19 Table 6.2 summarises the scope of the asset acdontmineral and energy
resources.

6.20 For a discussion of the relationship between SEE#etaccount entries and 2008
SNA asset account entries see SEEA Central FrankeSection 5.3.3

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 the | Market value assigned, but some
Resources moderate (best) estimate ambiguity about which estimate to
(G1+G2) use
B Potential Commercial Quantities Market value assumed to be zero  Outsdet boundary
Energy Resources
C Non Commercial and Other | Quantities Market value assumed to be zer@utside asset boundary
Known Deposits
Potential resources Outside asset boundary

6.4  Valuation of stocks of mineral and energy resources

6.21 One general advantage of applying valuation to naihand energy resources is that
different resources can be compared using a commoonéraire. Further, mineral
and energy resources can be compared with othetsass order to assess relative
returns, national wealth, potential future revenuesthe government and other
similar types of analyses. Since it is commonlg tase that governments have a
high degree of ownership or influence over the aotipn of mineral and energy
resources, valuation of resources in monetary temmay be a useful approach to
assessing future streams of income for governniengxample in the estimation of
future government revenue from the extraction dfod natural gas.

6.22 It is also the case that in business accountsf@nges involved in extraction make
assessments in terms of their future income streamasit is useful to be able to
place these individual enterprise based valuatiom® a broader, national
perspective. There is also increasing use of mabksed mechanisms, such as
guotas, to allocate access rights to environmessakts. These mechanisms may
relate directly to aggregate valuations for minenadl energy resources.

6.23 Since many mineral and energy resources are nathpeed in a market place and
have not been produced in a manner like buildingd aquipment, there are
generally no observable prices for the value of dpening and closing stock of
these assets, or for the flows between openingchorging stock positions.

6.24 Where market prices do not exist, the estimatioapgroximate values requires the
use of assumptions and models. Overall, these lmd@dwe proved to be sound tools
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6.25

6.5

6.5.1

6.26

6.5.2

6.27

6.28

to the development of meaningful valuations for duoed assets. Nevertheless,
there are complexities in the application of thesadels to the valuation of mineral
and energy resources that compilers and users ghmmulaware of before applying
the models in practice.

In SEEA-Energy as well as in SEEA Central FramewdHhe Net Present Value

(NPV) approach is recommended for estimating asabies. The NPV approach

provides reasonable proxies for observable marketep but does not take into

account the full range of benefits (and costs) ttméght be considered relevant.

Using the NPV approach generally requires the foihg: measurement of the

returns on the environmental asset (resource rest)nate of the extraction profile

and future resource rents; and selection of rateetfrn and discount rate to be used
in the estimate of the asset value. For more detail the general NPV approach
including potential uses and limitations see SEE€al Framework Chapter 5. In

the section below an empirical example of the NPgraach is shown.

An empirical example of the NPV approach
Introduction

This section provides practical guidance on therajpen of the NPV approach. The
value of an mineral and energy resource can benatd using the NPV approach
by working through the steps described below. Mo€hhe data required for the
valuation of stocks using the NPV approach can dund in the monetary flow
accounts which are described in Chapter 4.

Variable estimates

In SEEA-Energy resource rent provides a gross nreasf the return on
environmental assets. There are a number of mettmdstimate resource rent the
most common of which is the residual value methddder this method resource
rent is estimated by deducting user costs of preduassets from gross operating
surplus after adjustments for any specific taxes subsidies. As shown in table 6.3,
the first step in estimating resource rent requastimates of gross operating surplus
(GOS), specific subsidies and taxes on extractiod the user cost of produced
assets for the extractive activity. Such estimates generally based on data from
the national accounts.

As defined in Table 6.3, GOS is equal to outpus legerating costs. Operating costs
include intermediate consumption, compensationnopleyees, and other taxes and
subsidies on production. User cost of producedtassehe sum of consumption of

fixed capital and return to produced assets.
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6.29

6.30

Outputis the value of the extracted mineral and eneegpources above ground at
the wellhead or mine. The output is measured sicharices, i.e. excluding all taxes
and subsidies on products and trade and transpamgins related to transport and
delivery from the wellhead or mine to the buyer.

Intermediate consumption is the value of produdsduby the extraction industry.
The intermediate consumption is valued at purclsagaiices i.e. including trade
margins and all taxes and subsidies on productextiudes fixed assets whose
consumption is recorded as consumption of fixedtahp

Table 6.3 Relationship between operating surplus ahresource 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 &dviixed Income (the surplus earned by unincorpdrat
enterprises) and should be adjusted for net tan@sabsidies on production. These details do iettthe logic of
the explanation here.

** |n principle the return to energy resources ded here also incorporates a return to other nodymed assets (e.g.
marketing assets and brands) as these assetdalsorple in generating the operating surplus s€heturns are
ignored in the formulation described here.

6.31

6.32

6.33

6.34

Compensation of employees is the total remunerapayable by an enterprise to
employees. For self-employed persons in the extradghdustry, an estimate of the
value of their labour services should be addedhéocompensation of employees.

Other taxes on production consist mainly of taxasttte ownership or use of land,
buildings or other assets used in production or tbe labour employed, or
compensation of employees paid.

Other subsidies on production consist of subsidiegoods or services produced as
the outputs of resident enterprises, or on impahtat become payable as a result of
the production, sale, transfer, leasing or deliveiryhose goods or services, or as a
result of their use for own-consumption or own ¢alpfiormation.

Specific taxes and subsidies on extraction arerunsénts which the government
uses to partly appropriate or subsidise, respdgtithe operations of the extractive
industry. Since intermediate consumption at pusehsl prices includes all taxes
and subsidies on products, the resource rent isgb&ifected by the specific taxes
and subsidies on extraction when intermediate ampsion is subtracted from the
output. Therefore, it is necessary to add thenk hadhe resource rent in order not
to let them influence the estimation of the reseurnt.
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6.35

6.36

6.5.3

6.37

6.38

6.39

6.40

Consumption of fixed capital is the decline in therent value of the stock of fixed
capital used in production, including mineral explion and evaluation activities.
Consumption of fixed capital related to any ternhicasts should be included.

Return to the produced assets is that part of gwraiing surplus, which can be
attributed to the use of the produced assets iptbeess of extracting the energy.

Resource rent estimate

The resource rentis that part of an extractor’'s operating surpluatthepresents a
return on the mineral and energy resource. In tpmc the resource rent is
calculated by subtracting all extraction costs frm total output of products, i.e.
the extracted mineral and energy resources. Theaaion costs should include
intermediate consumption, compensation of employs®sthe costs of using fixed
capital such as platforms, buildings and otherative equipment.

The value of output (or operating surplus) and mogst information for the
extraction industry can be obtained from the natlaaccounts. Care must be taken
to ensure that the national accounts data for ¥taetion industry does not include
secondary activities, which have no direct refeesttcextraction activities itself.

Table 6.4 presents an actual calculation of resorent and per unit resource rent.

Table 6.4 Resource rent calculation

Extraction of energy resources
currency units
Output 60 744
Operating costs ’ 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 ?m 2 149

Quantity of resources extracted the amount of resources extracted in the ctrren
year in focus. The total resource rent for the esgwear is divided by this quantity in
order to get the per unit resource rent, i.e. ttieepof the commercial mineral and
energy resources in ground.
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6.5.4 Future extraction profile

6.41 Future extraction profile is an estimate of futuesluctions in stock due to the
physical removal of a given mineral and energy uese through a process of
production. If extraction profiles are availableort experts, energy agencies,
geological institutes, etc. these profiles shoutdused. Care should be taken to
ensure that the extraction profile is consistenthwihe best estimate of the
commercially recoverable resources. Thus, the sinfuture year’'s extraction
should be no greater to the estimate of the quanfitClass A as described in the
physical asset account in chapter 5.

6.42 If no information on the expected resource extractprofile is available, a profile
may be constructed by assuming that the extrastitircontinue at the current level
until the resource is exhausted or extraction stegsichever occurs first.
Alternatively, the extraction may be assumed taberstant until a certain point and
linearly decreasing after that point and until &lass A mineral and energy
resources are extracted. It is important that exiwa profiles are reassessed on a
yearly basis to ensure that the most up to daternmdition is used including any
information on new discoveries.

6.43 Figure 6.1 illustrates two examples of such extoaciprofiles. In both cases the
area under the curves i.e. the total amount of ritieeral and energy resources
extracted, should correspond to the physical ogestock of Class A as presented
in Table 5.3.

Figure 6.1 Future extraction profiles for an energyresource

60

50 4

40 -

30 -

Million m3

20 4

10 ~

0

Future years (t, t+1, t+2, ...)

6.5.5 Estimated future resource rent

Specific extraction profile ------- Constant extraction profile

6.44 In order to calculate the future income associatgt future physical extraction, the
expected future per unit resource rent must berohéted. Making a forecast of the
future resource rent requires assumptions aboutielrelopment of prices, extraction
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6.45

6.46

6.47

6.5.6
6.48

6.49

6.50

6.51

costs and the level of extraction. For accountiugposes it is advisable to use
relatively simple and transparent assumptions.

The simplest assumption is that the per unit resouwent will be the same in
constant price terms in all future years. Thetstgrpoint is the unit resource rent
for the most recent year available, calculated etiog to the principles described
above.

Similarly to the extraction profile, assumptionseddo be made on the evolution of
the per unit resource rent. One approach is torasghat the per unit resource rent

rr, evolves in line with an expected general rate Gation.

— i
rrt+i - rrt [(1+ 10t+i )
where p,,; is the expected general inflation rate in year

In this example the per unit resource rent is 2148 while the expected general

inflation rate po,,; is 3% for all t+i.

NPV asset values

Once the yearly unit resource rents have been ledbm) they must be discounted
back to the reference year because a given amduntome received next year is
considered to be worth less than the same amouwdived this year, and the
difference in value is reflected by the discourteraA discount rate at, for example,
6 per cent means that $106 next year correspon$i$do this year.

Having discounted future resource rents, they spntoua total net present value of
future extraction, which then is assumed to comespto the value of the total
guantity of economic energy resources in situ.

Assuming that the income from the extraction fallghe beginning of the year, the
value of the opening stock in year t can be catedlas:

Vt — i RRt+r — (rrtet)+ (rrt+1et+1) + (rrt+2et+2) +  + (rrt+net+n)
=N @+r)  Q@+ry (Ler)
If, more realistically, we assume that the incomeigiven year is spread over the
year and we assume that on average all the incatfeif the middle of the year,
each of the yearly incomes have to be discountdfl hgear in addition to the
discounting already done. The formula for caldagthe opening stock in year t is
then:

v o= 1 E{(rrtet)+(rrt+1et+1)+(rrt+zet+z)+ +(rrt+net+n)J

) @) @ @ T )
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6.52

6.53

6.54

This can also be written

t+n

Vtopening _ Z I, e
(1+1)% 4 1+ r)

Where

V, is the value of the resource at the beginningesiqul t.
RR is the resource rent at period i as expectedeabéginning of period t.

rr, IS the unit resource rent at period i as expeatetthe beginning of period
t.

e is the physical extraction of the resource takpace 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.

Table 6.5 presents calculations of the value ofabget of the mineral and energy
resources as the sum of present values of futigeuree rents. The table includes
two alternative calculations, one using a speafitraction profile, and one using a
constant extraction profile (as described in Figérg). In both cases, the per unit
resource rent from Table 6.4 and a discount rat @r cent per year is used. Itis
assumed that on average the resource rent faltekermiddle of the year, and all
resource rent is discounted back to the beginningear t (following the formula
given above).

In the fictitious case presented in Table 6.5 a@ohat lower opening stock value is
estimated when the constant extraction profilesedicompared to when the specific
extraction profile is used. In the latter caseatigkly larger quantities of resources
are extracted in the first years, and since theesponding resource rents are
discounted less than resource rents which fallaterl years a higher total present
value of resource rents is obtained. The examplaahstrates the importance of
carefully determining the extraction profile useat the estimation, since realistic
extraction profiles increase the accuracy and bdits of the estimates of resource
values.
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6.6 Monetary asset accounts for inventories of engy products

6.55 Monetary asset accounts related to inventoriesnefgy products closely follow the
form of the physical accounts for inventories ofelgy products as described in
chapter 5. All items included in SEEA-Energy margt asset accounts for
inventories are included in the 2008 SNA.

6.56 Monetary asset accounts for inventories for engrgyducts show for each type of
energy product the values of opening and closingkst and various categories of
change between these opening and closing stockignosi Table 6.6 is an example
of such a monetary asset account for inventorieenefgy 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

6.57 The various accounting items are explained beldievertheless, in most cases, it is
sufficient to record only the opening and closirgdl of inventories and the changes
in inventories.

Opening level of inventories: The value of the inventories at the beginninghaf year.
It is equal to the value of the closing stock of girevious year.

Changes due to transactions

Changesin leve inventories. Measures the value of the entries of energy
products into inventoriesdditions) less the value ofithdrawals and
less the value of amecurrent losses of energy products held in
inventories during the accounting period. (2008 SH&118). Recurrent
losses include losses that normally take placesandld be expected.
Changes in inventoriese also recorded in the monetary supply and iBesa@f
SEEA-Energy.

Other changes in the volume

Catastrophic losses and uncompensated seizures: This item records the
effects on the value of inventories from earthgsakelcanic eruptions,
tidal waves, hurricanes, droughts, floods and atlaural disasters as
well as wars. Conflagration of oil in pipelinedigaunder this category.
Uncompensated seizures rarely occur but would d@rded here.
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Changesin classificationsinvolve nochange in the value of the total inventories as
such but instead relate mainly to the change ofieftom one institutional sector to
another (e.g. the owner of the inventories movesfthe household sector to the non-
financial corporations sector). Itis only relevdnhe asset account is set up for
institutional units, and not if the accounts areugeonly for the total economy. Also

changes from work-in-progressfinished energy products would be recorded
here if such a distinction between inventoriesrofpcts is made in the
accounts.

Other changesin inventories n.e.c. If the assumption about the value of
normal shrinkage/recurrent losses of inventorigevssed (see changes in
inventories above) this should be done as othergdsin inventories
(2008 SNA, 12.50).

Revaluation is an item specific to the monetary asset accoantsno equivalent
is found in the physical assets accounts for invees. It reflects the effect
of price changes on the value of the inventoriesnduthe period.

Closing level of inventoriesThe value of the inventories at the end of therykashould

6.7

6.58

6.59

be equal to the value of the opening stock of thiesequent year.

Measurement of energy from natural inputs in viume terms

Volume measures of assets are not measures ofitigaumut rather are estimates of
changes in the value of assets after removing tfexts of price change. Thus,
volume measures comprise changes due to changgsaintities and changes in
quality.

Volume measures of mineral and energy resourcesbmagompiled to assist in the

analysis of the changes in mineral and energy messuover time. Removing the

effect of price change may be undertaken for twonnpairposes. First, the effect of
price change may be removed to provide an indicafothe purchasing power of

mineral and energy resources, i.e. an estimataeotapacity of a set of resources to
be used to acquire a given set of goods and servicecond, the effect of price
change may be removed to assess whether thereebasabchange in the underlying
aggregate physical stock of a number of minerakrgneesources. Both of these
rationales may be important considerations whenrettalling an aggregate analysis
of the wealth of a country and considering the treéaimportance of mineral and

energy resources compared to other economic anihlsassets. Approaches to
calculating volume measures are presented in SEEAtr@l Framework Section

5.4.6.
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6.8

6.8.1

6.60

6.61

6.62

6.63

Monetary accounts for other assets used by exttive industries
Other assets potentially used by extractivedustries

In addition to the asset accounts for mineral amergy resources it may be useful to
record asset accounts for other assets owned atlhysthe extraction industry for
exploration, evaluation and exploitation of minerand energy resources.
Equipment used for transportation of the energydpobs e.g. pipelines transporting
the oil from the wellhead to the point of procegsior sale at land should also be
included if it is owned by the extraction industry.

Information on the assets used for the extractiot laandling 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 th&ure to fixed capital, which are

part of the total extraction costs, and thus neddethe calculation of resource rent.

Asset accounts for these types of assets are iedlid the accounts of the 2008
SNA, though the required detail may not be exdldidentified in standard national
accounts outputs. In principle all types of nomaficial assets (except the mineral
and energy resources) listed by the 2008 SNA cdwddused by the mining and
guarrying industry, but in practice fixed assetg&eliAN113 Machinery and
equipment and AN1172 Mineral exploration and evA@uaactivities are often the
most important. Table 6.7 lists some of the momgadrtant assets that can
potentially be used by the extractive industries.

Table 6.8 shows a sample asset account for othestsasised by the extraction
industries presented in short form. Gross fixegited is the acquision less disposal
of produced assets for purposes of fixed capitamédion. Consumption of fixed
capital is the decline in the current vale of theck of fixed assts owned and used
by a producer as a result of normal productionvais. Non-produced assets are
assets that have come into existence in ways odt@n through processes of
production. Other changes in the volume of asiean aggregate. It includes the
various items belonging to the 2008 SNA Other Cleanin the volume of assets
account, for instance, economic appearance andppisasance of assets and
catastrophic losses (see 2008 SNA, Annex 2).
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Table 6.8 2008 SNA asset account for other assétswned by the mining and quarrying

industry
Total AN11 Fixed  Of which: AN2 Non- Of which:
assets AN1172 Terminal ~ Produced non- anp2 Contracts,
Mineral costs (part of financiall) 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 85 083 71063 50 473 14 020 14 020

1) Excludes commercial energy resources

6.8.2 Mineral exploration and evaluation

6.64 Mineral exploration and evaluation consists of thelue of expenditures on
exploration for mineral and energy resources anbssguent evaluation of the
discoveries made. Exploration and evaluation ati¢isiinclude (2008 SNA, 10.106)
activities such as:

Pre-licence costs
Licence and acquisition costs

Appraisal costs and the costs of actual test dgland boring

Costs of aerial and other surveys

Transportation costs, etc., incurred to make itsgae to carry out the tests

6.65 Exploration and evaluation activities may be unaleen on own account by
enterprises engaged in the extraction of minerdlemergy resources. Alternatively,
specialized enterprises may carry out exploratiowd avaluation and sell the
information to the extracting enterprises. Theinfation obtained from exploration
influences the production activities of those wHataon it over a number of years.
The expenditures incurred on exploration withiniaeg accounting period, whether
undertaken on own account or not, are thereforatdérk as expenditures on the
acquisition of an intellectual property product andluded in the enterprise’s gross

fixed capital formation (2008 SNA, 10.107).

accounts as a specific item, AN1172.

Thelues are included in the asset

6.66 The value of the exploration and evaluation as ssetis not measured by the value
of new deposits discovered by the exploration bytthe value of the resources
allocated to exploration during the accounting peri When the activities are carried
out by contractors the prices charged by theseractars, including their operating
surplus, forms part of the value of the expendguneurred (2008 SNA, 10.108).
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6.9

6.67

6.68

6.69

6.70

6.71

6.72

6.73

Monetary asset accounts for assets related to themgration of energy from

renewable sources

Energy from renewable sources has been an impostamice of energy in many
countries and increasingly is being seen as amnatee source of energy for those
countries that have primarily used energy from nemewable sources. Energy from
renewable sources can be produced in various waghjding but not limited to
wind energy, hydropower energy (including run oferi resources), solar energy,
biomass including wood, and geothermal energy.

Inputs of energy from renewable sources cannotxXauwsted in a manner akin to
mineral and energy resources and they do not regene a manner akin to timber
resources or cultivated biomass. Thus in an accogrgense there is no physical
stock of these renewable energy sources (solarrohylind, wave and tidal, and
geothermal) that can be used up or sold.

Therefore, the measurement scope of SEEA-Energselation to these resources
relates to the amount of energy that is produceeérgicurrent levels of fixed assets
and associated technology. Excluded from scopepatential amounts of energy
that could be produced using available renewabbrgnsources if investment and
technology were to increase in the future.

The presence of investments in renewable energyucagacilities and equipment
impacts on the value of the land associated witseéhfacilities. For example, other
things being equal, the land in a particularly wiredea would be priced more highly
than similar land in a non-windy area if investmerts made to construct windmills
to capture the energy from the wind resource. Tlpportunities to earn resource
rent based on resources like wind, solar radiattod geothermal energy are
expected to be reflected in the price of associkted.

In situations where the only income generated fithi relevant land is from the
generation of energy from renewable sources, thgevaf the land will, in theory, be
equal to the net present value of the future incastream. However, it is also
possible that other income is earned from the sarea — for example agriculture
may take place under wind farms. In these casesdhetion of the land must also
take into account the income generated from thdberoactivities. Nonetheless,
where possible, the value of the land should bétgared to provide an estimate of
the value of the land that is attributable to ineoarising from the generation of
energy from renewable sources.

Special mention must be made concerning the vauoatif future income streams
from hydropower. In this case it is more relevamtcbnsider the income stream in
relation to a stock of water rather than to an asédand. Thus, in the case of
hydropower, it is the value of the water resourbattshould be partitioned to
provide an estimate of the value of the water res®that is attributable to income
arising from the generation of renewable energynfioydropower.

It is recognised that some investments in the aaptf energy from renewable
sources take place offshore (e.g. wind farms insieg). By convention, the value of
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6.74

6.75

6.76

6.77

6.78

6.79

6.80

income streams from these sources is attributethéovalue of land where the
extraction equipment is located.

Generally, since the renewable sources themselwesat sold on markets, it is
necessary to use NPV approaches for valuation pegoln undertaking such
valuations all costs should be deducted includimgdosts of fixed assets used in the
capture of energy.

These accounting treatments do not apply in the cdgnergy sourced from timber
and other biomass resources. Unlike the renewahleces of energy listed above, a
stock of timber resources can be observed and megskn concept the volume and
value of timber resources encompasses all possdg®s of the timber including its
use as an energy source.

The various asset values related to the generatioenergy may be combined to
provide an overall value of environmental assetoeaiated with energy production.
Such an aggregate may include values of energyuress (e.g. coal, oil, natural
gas), the value of land attributable to renewalblgrses of energy (e.g. wind, solar,
geothermal), the value of timber resources usecefmrgy, and the value of water
resources used for hydropower.

Further details on monetary asset accounts for &sselated to the generation of
energy from renewable sources

Table 6.9 presents the monetary asset accountstmtarelated to the generation of
energy from renewable energy sources. Monetaryt ags®unts for assets related to
the generation of energy from renewable sourcderdifom other asset accounts in
that the monetary value of the asset is assochaitd either the land in which the
energy producing asset is located or the water usedenerate the energy. The
starting point of the asset account then is theevalf the land or water.

For solar, wind, geothermal and wave and tidal, nopg overall asset value
corresponds to the overall value of the land inclhthe asset is located at the
beginning of the accounting period. Contributihg tvalue of the land are a number
of assets including the renewable energy sourceekample the value of the land in
which a wind farm is based includes also the vaiti¢he soil. By convention for
hydro, the overall asset value is assigned to water

Opening asset value attributable to renewable gnésgthe contribution to the
opening overall asset value by the renewable engogyce. In most cases a majority
of the opening overall asset value can be attribtitethe renewable energy source.
The NVP approach can effectively be used to esenhbe future income stream
from the sale of energy from any of the renewablarses.

Additions include the following:

i. Additions due to capital expenditures in new esshohents. Similar to
discoveries for energy resources, this categorijdes any capital expenditures
made in new establishments that capture energy fremewable sources. It
includes any new wind farms, solar panel estableshis or new dams
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constructed to capture hydropower. For geotheriha, category also includes
any new discoveries of energy sources. Only couatidins from establishments
that were not in operation at the beginning of #lteounting period should be
included

ii. Additions due to capital expenditures in currentabishments. Increases in
asset value due to increased production in curesiablishments due to
investments in improved technology are recordedeheAlso if there is an
expansion in the establishment, such as more wiurbirtes, it should be
recorded here. Only establishments that were ayr@acluded at the beginning
of the accounting period should be included. Nobattincreases due to
improved technology could be recorded separatebmfrincrease due to
expansion if deemed important.

ili. Upward reappraisals. This category includes in@gan value due to changes
in the pattern of the renewable energy source that to higher energy
production. For example if there is an expectatibat there will be lower
precipitation which would lead to lower hydro emngmggroduction, it should be
recorded here.

Table 6.9 Monetary asset account for assets related 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

6.81 Reductions include the following:

i. Catastrophic loses. These are reduction in assats td catastrophic or
exceptional events. Examples include wind farmsndpedestroyed by
hurricanes.

ii. Downward reappraisals. This category includes eses in value due to
changes in the pattern of the renewable energycedinat lead to lower energy
production.

iii. Revaluations relate to changes in the value ofadset solely due to changes in
price. Revaluations should also incorporate changesthe value of
environmental assets due to changes in the assomspthade in the valuation
approaches that are often used to estimate thee v@&iuhe renewable energy
source, in particular the NPV approach.
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6.82 Caution should be exercised when determining upvesrdl downward reappraisal.
Furthermore, if the prior accounting period was auilier with respect to certain
variables that impact energy production from rengeasources, it should be
properly adjusted when used in NPV calculations.
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Chapter 7: Uses of Energy Accounts

Introduction

Energy accounts developed using the ideas and methitscussed in the prior
chapters can be used in a variety of manners &ctvely present and summarize
the collected data revealing linkages between diffe variables. Integration of
energy accounts with other sources of informatisnimportant and can provide
greater insights for policy makers, researchers] ather users of the energy
accounts.

This chapter showcases potential uses of the enaecggunts, giving a number of
examples as to what can be accomplished throughubke. The tone and style of the
chapter is different from the previous chapterghat it focuses on presenting the
information in the energy counts in a concise, lgaaccessible format (usually
graphical) and on providing a number of descriptistatistics, aggregates and
indicators. The fictitious dataset used in the wsial is the same as the one used
throughout SEEA-Energy. It is not the purpose o thapter to give an exhaustive
presentation of all possible uses and applicatiaris the energy accounts.
Furthermore the conclusions drawn from the analgsésrelevant only for the data
being analyzed and should not be generalized.

Following the general structure of the “Energy bkuators for Sustainable
Development: Guidelines and Methodologies”, enenggicators can be grouped
along 3 dimensions: social, economic and envirortalen The social dimension
includes a number of important indicators relatechergy access such as share of
households without electricity and share of incaspent on fuel and electricity.

SEEA-Energy can inform a number of important eletaethat are necessary to
properly understand the policy implications of swstdtial indicators. For example
energy accounts contain a wealth of informationthom efficiency of production and
consumption of energy, capital investments by itgugin particular the energy
sector) and stocks, flows and depletion of minarad energy resources such as coal
and gas.

All these seemingly unrelated pieces of informatimmce combined can provide
unparalleled, powerful and coherent insights inbd anly the current state of energy
access but also into how to best structure polaypresent and future generations.
The advantage of using the details in the SEEA-nexccounts is that users not
only get a better understanding of the currentsbat also the necessary information
as to how and why a given aggregate or indicatat & particular level.

All 16 indicators in the economic dimension in tl&nergy Indicators for
Sustainable Development: Guidelines and Methodelggdirectly use information
contained in the energy accounts. Combining therimétion in the accounts with
supplementary demographic and economic informatimuld make it possible to
calculate energy use per capita or per unit of G@rRexample. A major strength of
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the SEEA-Energy accounts lies in the intuitive prdation of energy use by
economic sector which plays a significant role innamber of efficiency and
intensity related indicators.

On the environmental dimension, the energy accoagésn play a key role in filling
the information gaps required not only for the dation of the indicators but also by
providing necessary background and contextual mé&tiron. For example, energy
accounts not only provide information that aidsthe calculation of emissions by
energy product but also by industries using th&€l8lassification. Such information
allows for a more complete understanding of emissioot only by energy product
but also by industry. It supports the formulatidnstrategies and policies that target
emitters and does so in a way that could addrestatiger emitters.

Often analysis can be carried out on the basisifoiimation from multiple sources.
In many cases, it does not matter whether theisgapoint is the energy statistics,
the balances or the accounts, since the basicm#won and the concepts are the
same. In other cases, each of these statisticsiersys has their advantages and
disadvantages depending on the purpose of the siralfor instance, energy
statistics and balances are often more approptiatese when it comes to analysis
focusing on specific energy technologies. Energgoaats on the other hand are a
better information system when it comes to compgarthe physical data with
information on the economic activities or to shopesific monetary information
related to energy issues.

It should be noted that all the examples preserstierd preceded by background
information on the purpose and detailed explanatiohwhat aggregates are being
used. Appropriate conclusions are made after example with emphasis placed
on what are the general implications of the analy8iften this is followed by a short
discussion of potential indicators that directl{iduov.

This chapter is structured as follows. Section gr@sents information on energy
supply and use. The main focus is the energy seationg with a number of
immediate extensions and applications that rely bunitd upon the supply and use
data. This is followed by a discussion of the tielasship between the energy sector
and the economy at large in Section 7.3. Sectigh ahalyses the relationship
between the energy sector and particular sectothefeconomy. The last section
looks at some of the impacts of the energy seatathe environment.

Energy supply and use

A natural initial step in the analysis of the enesgctor is to consider energy supply
and use. Having a good understanding of supply ws®lis necessary in order to
better manage energy natural resource inputs a$ agelplan for the future.

Furthermore, such information is crucial to dertyia number of indicators. For
example, augmenting this data with data on poputatieads to the important
indicator of energy use per capita.
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7.2.1 Overall supply and use of energy

7.12

Fetaldoule

7.13

7.14

The total quantity of energy supply in a countryidg a year is the sum of the
production of primary energy and imports of enepggducts. Measuring the supply
in this way avoids problems of double counting, ethioccur when, for instance,
both the production of crude oil and the productiminrefined oil products are
included.Figure 7.1shows the extraction of crude oil and natural gasewable
energy, imports as well as their total over time.

Figure 7.1 Total primary supply and imports of enegy
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A number of immediate conclusions can be drawn fitbe figure above. Energy
supply has generally increased over time, with &xeeption of the last year.
Extraction of fossil fuels (crude oil and naturalsy has leveled off /decreased over
the last 5 years of available data, while energypied from renewable sources has
increased. Over half of the energy supply in dutimg last year came from imports.

Next we consider how the supplied energy is uségurgé 7.2 shows how much of
the energy supplied is exported, and how much ésl ly households and industries.
Household use has stayed roughly constant duriegtwlo decades while exports
have more than doubled during the same period. uding use of energy has
generally increased as well though not at the space as exports.
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Figure 7.2 End use of energy including losses
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7.2.2 Degree of energy self-sufficiency

7.15 An immediate indicator that can be derived using dlata inFigure 7.landFigure
7.2is the ratio of the primary energy production toeestic end use. Values greater
than 100% indicate the ability to meet domestic dedhfor energy while values
lower that 100% indicate dependence on foreign caurof energyFigure 7.3
shows that the degree of self-sufficiency increademn less than 50% at the
beginning of the period to more than 100% in theldie of the period. After some
years of full self-sufficiency the reliance on imfhas again increased in recent
years. This development has a close connection thighpattern of extraction of
energy resources presented above.

Figure 7.3 Degree of energy self-sufficiency
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Year
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7.2.3 Use of energy and expenditures by industriesxd households

7.16 Figure 7.1andFigure 7.2above provide a broad, aggregated view of eneugply
and use. Often though, a further breakdown of thaia ds required to answer more
specific questions. For instance, what energy petslare being used by households
and industries and at what cosBigure 7.4andFigure 7.5provide the answers to
these questions for a particular year.

Figure 7.4 Physical use of energy by industries anttbuseholds
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Figure 7.5 Expenditures for energy by industries ad households
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7.17 A number of policy relevant conclusions can be heacby looking at graphs above
and the underlying data. Manufacturing and traniggi@n rely heavily on oil as their
main source of energy. Oil is the largest source Households as well; other
sources such as electricity and heat are also ifapbrHaving the above information
and depending on relevant circumstances, policyarsakan design policies so as to
impact the demand for certain energy products.

7.18 Even though the data underlying each of the gragwhauseful on their own, there is
added value when one considers the monetary dategakith the physical data.
Household expenditures on energy are the highestngnthe 7 groups. This is
especially striking given that households are othly 4th largest group of energy
users.

7.19 A number of further extensions can be made to tita dbove using the information
collected in the accounts. Figure 7.6 shows onéh xdension in looking at the
share of energy expenditures to overall intermeda@nsumption for industries and
overall final consumption for households over timkhis information puts into
proper context the impact of energy expenditures.

Figure 7.6 Share of energy costs to overall interndgate industry/final household
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7.20 As can be seen frokigure 7.6 household energy expenditures as a proportion of
final household consumption have been stable dvertwo decades varying within
the narrow range of 7.8%-9.0%. As mentioned in th&oduction this is an
important energy indicator for sustainable develeptnalong the social dimension.
Furthermore except for the transportation sect@sergy expenditures as a
proportion of intermediate consumption have remaifarly stable for all other
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7.21
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sectors of the economy. For the transportation osetihe share has generally
increased since the time period 10 likely due tréases in oil costs.

Another potential extension is to consider the shafrenergy expenditures and use
over time by different sectors of the economy, Hert enhancing the policy
relevance of the information collected. This, alomigh the shares of energy taxes
paid is shown irFigure 7.7 Other extensions such as energy use by resdarce
different sectors over time are also possible ddpenon the needs of the users and
the available data.

Figure 7.7 Energy use, expenditures and taxes
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Juxtaposing the energy tax data with the physical monetary data of energy use
leads to a number of conclusions with policy imations. The most striking feature

is that households pay by far the largest sharenefrgy taxes, around 60% of the
total energy taxes paid in the last time periokrethough their share of energy use
in physical terms is about 20% and about 40-50%nanetary terms. Over the two

decades household share of energy taxes has dedré&asn about 80% to about

60% of the total. The cause of such a shift cowdddoie to a number of factors,

including changes in tax law, energy regulationgl ahe increasing levels of

extraction activity by domestic producers and amded taxation. Clearly such

information would provide insights to policy makeregarding the impacts of

different policies.

The energy sector within the economy

The importance and contribution of the energy seitidhe economy at large cannot
be overstated. All sectors of the economy depentherenergy sector for necessary
inputs to the production processes. Hence the gregtor is an important player in
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the economy at large and as such monetary datactetl via the energy accounts
are an invaluable tool to properly understanding tble of this sector within the
economy.

Output and value added from the energy sector

Figure 7.8shows the output from the energy sector measumecdonstant prices
(chained values) over time. The value of crude gletrm and natural gas output
increased at the beginning of the period, but masecent years been decreasing.
Despite the decrease, the extraction of crude [gtno and natural gas contributes
the most to the overall output of the energy sectolfhe output from the
manufacturing and distribution of gas has increagkdut five fold over the two
decades while the other sectors have experientteeariation in output over time.

Figure 7.8 Energy sector output over time
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Figure 7.8 presents the output of the energy seuatibhout giving any indication as
to how important this sector is to the national remoy. It would be useful to
consider the contributions of the energy sectarelation to the overall economy by
comparing elements of this sector in relation te tiverall economy. Such statistics
which are easily accessible through the accoumtpeersented in Table 7.1.

In particular Table 7.1 shows in monetary terms tbetput, intermediate
consumption, gross value added, consumption ofifcagpita and net value added by
ISIC for all industries for a particular year. THata clearly show how important the
energy sector is to the economy at large, courfiing% of output and about 6% of
gross and net value added.
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7.27 Within the groups of energy industries it is théragtion of the mineral and energy
resources which generates the largest value add@lkd. share of intermediate
consumption in relation to the output is much serafbr the mining industry, since
the resource itself contributes considerably tovakie of output. This is related to
resource rent, i.e. the contribution to the neueaddded by the resource itself, and
depletion, i.e. the decrease in the value of tseuece due to the extraction. The role
of depletion is further investigated in the sectitat follows. Resource rent is
further discussed in section 7.3.3.

Table 7.1 Certain industries’ share of output and alue added
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 suppl y 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
I-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 indust  ries 5.0 4.1 5.9 6.0 5.8
7.3.2 Operating surplus of energy industries and the rolef depletion

7.28 One of the important stories conveyed by the dafable 7.1 is that the majority of

the net value added for the energy sector comem ftloe extraction of crude
petroleum and natural gas. Net value added (NV) loa further decomposed as
follows:

NV=NOS+CE+OT-SU

where NOS is net operating surplus, CE is compé&msab employees, OT is other
taxes paid by the industry and SU is subsidiesivedeby the industry.

Once net operating surplus has been isolated, grpssating surplus can also be
calculated by adding to it the consumption of fixeapital. The decomposition of
gross operating surplus by industry is presentdeigure 7.9
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Depletion, which is one of the more important cqetean the energy accounts, is the
largest component of gross operating surplus ferdktraction of crude petroleum

and natural gas industry. When depletion is takéo account by subtracting it from

the net operating surplus, the contribution of thening to value added is

considerably smaller and the differences betweenntining industry and the other
energy industries are less pronounced.

The effect of the depletion on net operating suspiuhigher than the effect from the
consumption of fixed capital. However, this is sahieg specific for the mining and
quarrying industry while for all other industries adjustments take place.

Figure 7.9 Gross operating surplus of the energy d@ustries and its components,
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The impact of depletion of mineral and energy reses can also be viewed in the
context of the operating surplus for the overalbremmy. Figure 7.10 shows two
curves presenting net operating surplus and depletdjusted net operating surplus.
The distance between the two lines correspondspbetion of mineral and energy
resources. The effect of taking depletion into aetocorresponds to a downward
adjustment of the operating surplus by approxinyagl currency units during the
last year shown.

Figure 7.10Net and depletion adjusted operating surplus
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7.32

In order to get a better understanding of the mtaglei of mineral and energy
resource depletion, it might also be useful to ladkwhat percent of operating
surplus is attributed to depletion. As mentionedieagross operating surplus can
be decomposed into 3 components: consumption dadfigapital, depletion and
depletion adjusted operating surplus. The figuebWw shows the relative weight of
each of the 3 components of gross operating surphas time for the extraction of
crude petroleum and natural gas industry.

Figure 7.110perating surplus components extraction of crude peoleum and natural gas
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7.33 During the period an increasing share of gross atpeg surplus is attributed to the

7.34

7.35

depletion of crude petroleum and natural gas. &tehd of the period the depletion
corresponds to almost two thirds of the gross dpggasurplus. The increase in the
share of depletion reflects partly an increaséhphysical quantities of mineral and
energy resources being extracted.

Related to this, and also reflected in Figure 7i$lhat the share of depletion may
vary significantly from one year to the next, altigh the physical extraction does
not necessarily vary much. This is again explaibgdhe convention that the total

value of the mineral and energy resources influsribe estimate of the depletion.

All else equal, large increases in the stock ofrthieeral and energy resources due to
new discoveries and revaluations of the quantiges to drastic downward changes
in the estimate of the depletion even if the extoacof the resources is at the same
level when measured in physical quantities.

The relative role of consumption of fixed capitaldecreasing over time. This may,
among other things, be due to an increase in ptodtycleading to more mineral
and energy resources being extracted by the samet iof fixed capital and/or
possibly a decision not to replace production cdpdts the accompanying natural
resource nears full exhaustion. In addition, arrease in the oil and natural gas
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prices relative to the prices on fixed assets usedhe extraction will lead to a
decreasing share for the consumption of fixed edpit

When depletion and the consumption of fixed capdted subtracted from the gross
operating surplus the depletion adjusted operasiagplus is obtained. As can be
seen, the share of adjusted operating surplusssaner time reflecting the volatile
nature of the depletion estimate and operatinglsarpspecially at current prices.
This points at the importance of establishing tiseeies for depletion and depletion
adjusted operating surplus, and the danger of drgvdonclusions on long term
patterns based on only accounts for a single yeahaort time series.

Energy taxes and resource rent

As discussed in Chapter 6, gross operating surfgdughe starting point for the
calculation of resource reft which as it can be clearly seen from Figure 7.12,
makes up a considerable part of the gross valuedadfl the extraction of crude oil
and natural gas industry.

From a policy perspective, a question of interestwihether the owner of the
resource, i.e. the government, has recovered dfisigmt portion of the resource rent
through rent payments and taxes. The accountpenfectly suited to answer such
qguestion. Figure7.12 shows that the share of resource rent to vablseed was
relatively low in the first few years when extramtiwas low but it increases once the
value of extractions is increasing. Similarly, thleare of rent payments and taxes
was low in the beginning of the period, while iceat years the share has remained
high. However, it is also clear that in this calse appropriation of the resource rent
does not make up a constant share of either valdedaor the resource rent. Other
factors seem to influence the payments of rents @&nes. The magnitude of
payments to government has in general increasedtowe.

This analysis emphasises the importance of maiimigia time series and regularly
assessing the relationship between resource rene@ey extractors and related
payments to government such as taxes and rent.

The importance of the energy sector to the finarafethe government can also be
seen by looking at the share of total governmewtmaes that comes from payments
related to the extraction of mineral and energyueses and other energy related
taxes. (See Figure 7.13)

%Resource rent = Gross operating surplus - consampf fixed capital - return to fixed capital
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Figure 7.12 Value added, resource rent and paymentd rent and taxes to the

government
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7.41 In recent years energy related taxes have madgpm@mately 10 per cent of the
total government revenue. Of this, roughly half esnfrom payments related to the
extraction of mineral and energy resources and fnath other energy related taxes,
including taxes on CO2 emissions. Over the yeagsetiergy sector has contributed
an increasing share to government revenues.

Figure 7.13 Breakdown of total taxes (total econonm)yby energy related and non-energy
related taxes
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7.3.4 Energy and foreign trade

7.42 An important conclusion from the initial supply ande analysis in Section 1 of this
chapter was that imports and exports of energy yctsdare significant components
of the overall picture. Furthermore, data on impodend exports are key to
understanding energy security. In this section wglare some of the details of this
relationship with the help of the data availabletigh the accounts.

7.43 The data presented in Table 7.2 show that, in nawgeerms, crude oil was the most
important energy product being exported, while pssed oil in the form of fuel oil
was the main energy product import. Overall themsva trade surplus for energy
products which was mainly due to the extractiorrafde oil and natural gas.

Table 7.2Imports and exports of energy products

Imports Exports Trade balance
1000 Currency units

Crude oil 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 oil 33 10 -23
Total, energy products 59 69 10
All products 520 538 18
Energy products share of 11 13 53
all products, per cent

7.44 The trade balance for energy products over timghsvn in Figure 7.14 where it can
be seen that the first trade surplus occurred duyigar 9, increasing until year 15.
By comparing to Figure 7.8, which shows the outpiuthe extraction industry, there
is a close connection between the extraction dstsziand the trade balance for
energy products. In years with significant domestktraction activities, there tends
to be a surplus in the national energy trade baanc

Figure 7.14 Trade balance for energy products
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7.3.5 Wealth

7.45

7.46

7.47

7.48

In this section, the energy sector is viewed withie larger context of national
wealth. The value of mineral and energy assets cis@p only one component of the
total value of the assets belonging to a counttjhe®©components are human capital,
land and other natural resources and fixed assdtseiform of buildings, machinery
and equipment.

Leaving aside the value of human capital, the ntaskaues of man-made and
natural capital are presented in Figure 7.15.

In this case we find that the fixed assets (buddinmachinery and equipment, etc.)
make up the biggest part of the value of the asgdtiough the mineral and energy
assets are important for the economy (the tradeanibal for instance) their
contribution to the total wealth when measurednasvialue of the assets is modest.

It should be noted that the value of the mineral anergy assets has increased over
time. The increase can be partly attributed toftoe that assets such as oil acquire a
market value when exploration and evaluation atitisi have been carried out. A
further contributor is that increases in oil pridesve affected the value of the asset,
and when the oil price increases more than the rgémpeice level, the value of the
assets will also tend to increase relatively tovtakie of other asséfs

Figure 7.15 Contribution to national wealth by fixed assets, mineral and energy assets, land

and other natural resources
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7.49 Clearly the value of the mineral and energy asietged to the available physical

quantity of the asset. Figure 7.16 illustrates hthve value of the energy natural
resource assets have changed compared to the ahga@ntities. The value index is

% Using current prices is standard practice in thjge of analysis because the value of a given asset
depends on the period of the valuation.
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calculated from the current price value deflatedtiy GDP deflatdf. Therefore the
changes in the index are influenced by the fact tha energy prices have evolved
differently than the general price level. Changage do new discoveries also
influence the index.

Figure 7.16 Quantity and value index for the develmment of the stock of energy resources
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7.50 The physical stock of oil resources increased byp&b cent over the period as a
whole. In contrast, the physical stock of naturals gdecreased substantially by
almost 40 percent. The GDP deflated value index atasst 8 times higher in the
end of the period than in the beginning of the q@eri

7.51 To further shed light on the size of the minerad aanergy assets Figure 7.17
presents the so-called R/P ratio for oil and ndtges resources. For a given year
the R/P ratio is equal to the available stock a&t dpening of the period divided by
the extractions in the given year.

Stocks
Extractior

R
P

7.52 It represents the number of years of extraction beffore the energy resource has
been exhausted assuming continuation of currergldenf stocks and extractions.

GDPCurrentPrices
GDF ConstanPrice:

28 Recall thatGDP Deflator=
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For natural gas 50 years of extraction was lefthat beginning of the time series,

while a little more than 10 years is left at thel exf the time series. This decrease is
due to the gradual exhaustion of the natural ggosies and the increasing level of
extraction. For oil, the R/P proportion decreasexf 25 years to a little more than

10 years at the end of the period. It is worth mgptthat despite a high level of

extraction in all years, the R/P proportion remdiisly constant above 10 years for
the last decade. The stabilization of the R/P propo is often seen, and is partly a
result of increased exploration and evaluationvéatis, which make it possible to

extract from newly discovered deposits as othewodip are being exhausted.

Figure 7.17 Years of extraction left with current bvels of stocks and extractions
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Time
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— R/P Crude oil ----- R/P Matural gas

7.3.6 Economy wide energy decoupling

7.53

7.54

Decoupling of energy use and economic growth isegalfy seen as a necessity to
ensure a sustainable development. The extent tohaduch decoupling takes place
can be illustrated by comparing changes in GDP wlianges in domestic use of
energy as in figure 7.18. The underlying data clso &de used to calculate energy
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 mgasrs during the period.
Towards the end of the period we find first bigremse in energy use followed by a
steep decrease. Indexed energy use and GDP avegitly the same value in the last
year.
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Figure 7.18 Economic growth and domestic use of emgy
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Energy and other sectors of the economy

Increased efficiency in energy use and decreasiveggy intensities can contribute
to sustainable development. A number of energy nisitg indicators can be
generated using the data in the energy accounis.sHttion analyzes energy use in
relation to economic growth and the efficienciedrafustries. Energy intensities for
various groups of industries are presented, andlteefrom decomposition analysis
are shown.

Energy intensities for selected industries

Figure 7.19 sums up the development of economitvigctand energy use for
selected industries by presenting energy interssitithe energy intensities are
calculated as the ratio of value added in congpaices to energy use by the given
industry.

The first graph shows the development for industkigth relatively low intensities.
Manufacturing shows decreasing intensities, whialidates a tendency over time to
use energy more efficiently and/or an increasehi@ tise of energy transformed
outside of the manufacturing sector as suppose umpeoduced energy. For
construction and services we see that the enetgysities now lie at a constant low
level after a decrease in the beginning of thequkri

The second graph shows the energy intensitiesaofport services and agriculture,
forestry and fishing. Both industries report highesgy intensities. While the

intensities for agriculture have decreased sliglilying the period, the opposite is
the case for transport services.
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Figure 7.19Energy intensities for selected industries
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7.59 Because the data in the energy accounts are ceflénta manner consistent to the
SNA, it allows for easy integration of data frome#ie two systems. One such
example which is relevant to energy intensity itegration with employment data
which leads to the ratio of energy use to numbegroployees in a particular sector.

7.60
7.61

7.62 Figure 7.20 presents such information for selected manufactuindustries. The
energy use per employee varies considerably betwsemanufacturing industries.
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For these industries no clear conclusion can behesh on the question of whether
there is decoupling between energy use and employme

Figure 7.20 Use of energy per employee in select@@nufacturing industries
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7.4.2 Factors behind changes in energy use

7.63 In order to shed light on the factors behind thanges in energy use, structural
decomposition analysis based on input-output matdgitan be applied. Structural
decomposition analysis is a well-established methiod reference can be made to a
large number of articles of reports describingniethod and presenting results.

7.64 Figure 7.21 presents the results of such an arsaly®ie total change in actual
energy use by industries excluding the transpamasiervice¥ are decomposed into
4 components. Over the period, overall energy usereased by about 200
petajoules. The other lines show how the changesniergy use can be further
explained by changes in the growth of final use/dedn(i.e. private and government
consumption, exports, gross fixed capital formatietc.), the structure of final
demand (shifts and changes in final demand betwdi#ierent sectors of the
economy), the industry structure and the energgnisities of the industries.

%" The transportation services have been excludesl ierause they show a pattern which is much diftere
from the other industries
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7.65 Growth of final demand increased by over 800 petlgi® during the 18 years while
energy use attributed to the other three componeéatseased. If growth in energy
use had followed the growth in final demand, we ldobave seen an increase in
energy use of over 800 petajoules. In fact thel io@ease in energy use was about
200 petajoules. The difference is due to reducestgnintensity in industries, i.e.
their use of energy per unit of output. This factdone decreased by about 400
petajoules. Changes in the composition of final ded(i.e. which products were
demanded) and the industry structure (i.e. how tilie industries interact) also
decreased over the time series.

7.66 It should be noted that this analysis, and othexrseld on input-output modelling,
cover a shorter period than many of the other temes in this chapter. This is due
to the fact that that input-output tables are ndlynaublished with a larger time lag
than other statistics.

Figure 7.21 Changes in industry energy use and tHactors behind the change
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7.4.3 Energy use attributed to final use of products

7.67 Increasingly, in relation to sustainable productamd consumption policies, policy
makers and others are focusing on the fact thatureg use and environmental
pressures can be seen from the perspective ofitla dise and consumption of
products. The rationale is that any kind of finaeuinitiates a production chain
including domestic and foreign activities. Thereforthe resource uses and the
environmental pressures, which occur at the pradodevel, can in fact be seen as
being caused by the final use, which have initidgtelproduction chain.

Figure 7.22 Industries’ energy use by final use cagories
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The data in the accounts can be used to propedgnstand how final demand drives
energy use. In particular, input-output analysigegithe allocation of energy use by
final use categories or specific products. FigurZ27shows the results of an input-
output model based allocation of the total domestiergy use to the overall final
use categories, which lies behind the productioth @rresponding energy use in all
industries.

The figure shows that the steep increase in enesgybetweenytand § was mainly
related to an increase in export activities. In tcast private and government
consumption and gross fixed capital formation, eused almost the same energy
use in industries intas in §.

This type of analysis can also be done for paréicuhdustry groups. Figure 7.23
clearly shows that the activities and energy usdiffiérent industries are driven by
different final use categories. Exports are beltimel energy use of agriculture, etc.,
manufacturing, and transport services. The incréasexports of transport services
lies behind much of the increase in overall enengg. Finally, gross fixed capital
formation is the main driver of energy use in th@struction industry.

Figure 7.23Energy use of industry groups by causing final useategories
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7.4.4 Domestic and global energy use attributed to houseld consumption

7.71

7.72

7.73

For each of the final use categories it is posdgiblirther decompose the energy use
in the production chains by distinguishing betwetwe final uses of different
products. As an example of such analysis Figu2d presents results for household
consumption. The figure shows how much energy eludirectly and indirectly per
one currency unit spent on products by householdglistinction is also made
between energy used in the production process dorabg and energy used in the
production process both domestically and abroack [Hiter production processes
include products that are imported and products ahea domestically produced using
imported intermediate products.

Of the energy products, hot water and steam, stthd most energy intensive, while
gasoline and diesel, etc. is the least energy smen It should be noted that the
intensities are calculated from purchasers’ pricebjch include energy taxes.
Therefore, products which are heavily taxed appednave lower energy intensity
per unit of currency. For other types of produdtss clear that food is the most
energy intensive product group followed by bevesaged tobacco, furnishing and
clothing, etc.

For energy products the difference between embeditedestic energy use and
global energy use is small since most energy prisdused by households are
produced domestically using energy extracted doicedbt.
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For other products there are considerable diffezsertzetween domestic and global
energy use in production. Generally, the globalrgpéntensities are twice as large
as the domestic intensities. This is in part expdi by the fact that many of the
products used by households are imported. Furtherniedustries in the production
chain also use imported products, which requireg@nase abroad.

Figure 7.24Domestic and global energy intensities of househotbnsumption
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Energy and the environment

In this section we focus on how energy accounts baip in clarifying the
relationship between the energy sector and enviemimWe discuss the role of
energy related air emissions and renewable souofesnergy. The former is
important because of its direct impact on the esnwinent while the latter allows for
less pressure on the environment. The data prebeari also necessary for the
derivation of a number of indicators related totaimable development such as air
guality indicators and climate change indicators.

Energy sector and air emissions

One important use of the physical use table forgnés in the calculation of air
emissions. The first part of this section describew the accounts for energy related
emissions might be set up. The second part presesists from modelling based on
the energy accounts and the emission accountsreBudts show which factors affect
energy related emissions.

Energy related air emissions are the main (thougjhtime only) contributors to most
types of air-emissions because most economic &etsvare connected to combustion
that is needed for energy production. Combustioocpsses take place in many
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production and consumption activities, such as ihgabf houses and buildings,
production of electricity, various industrial pr@ses and transportation.

The SEEA-Energy accounts may be used as the basishé establishment of
energy-related air-emissions accounts. Such enmmissagcounts are compatible with
the SEEA and the SEEA-Energy physical flow accouatsl, more generally, with
the National Accounts principles.

Before proceeding with the analysis it is worthingtthat the term ‘air- emissions
accounts’ is different from the term ‘emission int@ries’. The latter is commonly
used when referring to data on greenhouse gas emssand emissions of air
pollutants assembled following certain formats gsead upon under international
conventions (e.g. United Nations Framework Conwention Climate Change,
UNFCCC and the Convention on Long Range Transboyndsir Pollution,

CLRTAP). Emission inventories are technology-orezhtand may serve as the
appropriate basis for technology-oriented questiand analysis. In contrast, air
emissions accounts are economically-oriented argigmasair emissions to those
economic entities that actually are carrying oud #ctivities from which the air
emissions are originating. Air emissions accounts developed to answer more
economically oriented questions and analyses. Bdtirmation systems — emission
inventories and air emissions accounts — complereanh other. (Eurostat, 2009 ,

p.9).

The presentation of energy related air emissiomaets in this section is developed
in continuation and accordance with Chapter 3 am physical flow accounts on
energy. They are of course consistent with alldbmponents of the SEEA-Energy
system, including monetary aggregates.

Use of energy accounts for estimation of emissions

Energy accounts can be a useful tool in estimaéimgssions from the energy use.
Table 3 gives an example of a detailed supply tdbteCO2 emissions. Similar
tables can be created for all types of air emissishich are primarily caused by
energy use, and they can be established in the seageas the account for CO2
emissions.

Generally, the emission accounts for energy relamissions can be established on
the basis of the energy use table (Table 3.5) bitiptying the energy use recorded

in the energy use table by a technical emissiotofaexpressing the emission per
unit of energy use. Formally it can be expressed by

Emissions (E) = Energy use (EU) x Emission Fadbt) (

It should be noted that in practice, it is necegdarcarry out the estimations at a
more detailed level than presented in Table 3.5 aiole 7.3. This is to ensure that
the emission factors are representative for thaviactand the energy use in
guestion. It is necessary to distinguish betweédremérgy products since different
products usually have different emission factorst Eertain air emissions types, it
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may also be necessary to have information and aiattypes of technologies within
industries because the choice of technologies emites the amount of air emissions
per unit of energy uséd

The table presents the quantities of CO2 emissiperserated by the use of the
various types of energy products. Thus, the itemthé leading column of Table 7.3
correspond to those items in the energy use tatblé 3.5), which are of interest in
relation to air emissions.

The air emissions data related to energy use éoeatbd to the economic activities
in a consistent manner with how the energy useesnded. In other words, if for a
specific unit (industries and households) use dargy for combustion is recorded,
then the corresponding emissions are attributgteaunit in question.

It follows that the use of certain types of coneedrtenergy does not lead to the
recording of emissions. This is the case, for insta for the use of electricity and
heat by industries and households. Emissions dhiae when heat and electricity
producers use coal and oil in the production of #hectricity and the heat are
recorded as emission to such producers. Since #ie part of the production often
takes place within ISIC D Electricity, gas steand air conditioning supply, this is
where the main part of these emissions is normaborded. Other parts of these
emissions are recorded for other industries, toetktent that combustion of energy
products for electricity and heat generation tgikase there for own use or for sale.

Emissions related to the use of gasoline and diéseltransport are similarly
attributed to the units carrying out the transpactivities. Thus, only parts of the

2 Eurostat's Manual for Air Emissions Accounts pd@s more information on how air emission accounts
can be established on the basis of energy accounts
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7.88

7.5.3

7.89

7.90

emissions are allocated to ISIC H Transportatiod siorage, while other parts are
attributed to the households and industries, whish the gasoline and diesel. For
households, transport related emissions includeute of energy for private cars.
Energy use and emissions caused by public transperattributed to ISIC H.

In order to complete the picture of the CO2 emissjonon-energy related CO2
emissions are presented at the bottom of the tablese non-energy related
emissions are based on additional information, ifstance, from the emission
inventories complied in complying with the Unitecafions Framework Convention
on Climate Change, UNFCCC.

Analysis of energy related emissions based on theexgy accounts

Once the emissions accounts have been set up lmasélde energy accounts it is
possible to extend the analysis and consider wdgbfs underlie the changes in the
energy related emissions. Figure 7.25 presentgdhbelts of such analysis. Figure
7.25 is similar to the Figure 7.21 on energy useer@ll CO2 emissions have been
fairly constant over the 18 year period. Of thedinponents shown in figure 7.25,
growth in final demand has created substantial ugwaessure on CO2 emissions
while the other components represent factors dgidiown overall CO2 emissions.

Changes in the energy mix imply that industries dmadisehold increasingly are
using less CO2 intensive energy products. Examplesich a change in energy mix
are substitution of natural gas for coal and windrgy for fossil based electricity.

Figure 7.25Change in industries CO2 emissions and the factotsehind the change
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7.5.4 The role of energy from renewable sources amdaste

7.91

7.92

Energy from renewable sources is high on the padiggnda in many countries, and
therefore it is important to monitor the developmeén the production and use of
energy from renewable sources and to assess the ehauch sources to the total
energy supply and use. This section presents detail the use of energy from
renewable sources and waste and clarifies how nufidhe total use of energy is
covered by renewables and waste.

Figure 7.26 shows the development in the supplgdpction and imports) of energy
from various renewable sources, and the share etdtal primary production and
imports of energy products that comes from renewanurces. The production of
energy from wind and the imports of energy fromewable sources have been
increasing. Similarly the use of fuel wood and lEgrhdable waste for energy
production has been increasing. Altogether the estafr energy from renewable
sources has increased from 4 per cent to closepgr €ent of the total supply during
the period.

Figure 7.26 Supply of energy from renewable sourcemnd its share of total primary energy

Petadoules

Taotal Biogasses
100
|IIIII|||||H
g JANNUNNNNNNUNNNONNNN | @0 -
Fuel wood, etc. Geothermal
100
50
ETTRTTATeIRna ] 111 1 ] I emnsuuns
mports of energy from renewsable scurces Straw

100

production and imports

ED -
caanlBB0] || somomnmnnmnnnnBiNRRE

Waste, bicdegradsble Wind
100
50
2 somnnnnnn RRORRORORNND || _______. =wnnnillnlll
T S R T T T T T L - 1
o 5 10 15 20 0 5 10 15 20
Time

164



7.93

7.94

7.95

10 15 20
Time

on

Energy from renewable sources is used both by Hmide and industriedrigure
7.27 presents the use of energy from renewable souiteghysical terms by
households, by the manufacturing industry and keydlectricity, gas, steam and air
conditioning supply industry.

Household use of fuel wood increased drasticallsirduthe period, but despite this
the share of renewable sources was reduced byfroatlf 2 per cent to 1 per cent of
the total energy use by households.

The use of energy from renewable sources in theufaaturing industries in

absolute and relative terms has been fairly congteer the time period. Households
on the other hand have increased their use of gnEogn renewable sources in
absolute terms, though the growth was less thamveeall growth in household use
of energy. As a result households’ use of energymfrrenewable sources has
decreased from over 2% of household energy useeabéginning of the time period
to about 1% at the end. The electricity, gas, mtead air conditioning supply
industry increased its use of energy from renewalolerces considerably from 10
per cent to 30 per cent of its total energy useshkuld be noted that part of this
increase is due to an increase in the use of wavadep.

Figure 7.27 Use of renewable energy by main useradishare of total energy use
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