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Preface

The System of Environmental-Economic Accounting for Energy (SEEA-Energy) is
a statistical framework consisting of a comprehensive set of tables and accounts for
energy-related information. The concepts, definitions and classifications facilitate the
organization of that information in support of policy analysis and research.

The starting point for the development of SEEA-Energy is the System of
Environmental-Economic Accounting 2012—Central Framework (SEEA Central
Framework), the international statistical standard for environmental-economic
accounting. SEEA-Energy is a subsystem of the SEEA Central Framework and is
entirely consistent with it. SEEA-Energy brings together the energy-specific tables and
accounts of the Central Framework and elaborates in greater detail the links between
energy accounts and energy statistics and balances, as described in the International
Recommendations for Energy Statistics (IRES 2018). The aim of SEEA-Energy is to
serve as a bridge between the statistical and energy communities.

SEEA-Energy was prepared under the auspices of the United Nations Commit-
tee of Experts on Environmental-Economic Accounting, as mandated by the Statisti-
cal Commission at its thirty-eighth session in 2007. The Committee of Experts, which
is composed of senior representatives of national statistical offices and international
organizations, is chaired by a representative of one of the country members of the
Committee. The Statistics Division of the Department of Economic and Social Affairs
of the United Nations Secretariat serves as the Committee secretariat. Regular over-
sight of the project was provided by the Bureau of the Committee.

As mandated by the Statistical Commission at its forty-seventh session, held
from 8 to 11 March 2016, the Committee of Experts endorsed SEEA-Energy as the

internationally agreed methodological document for energy accounts in support of
the SEEA Central Framework.!

1

See Official Records of the Eco-
nomic and Social Council, 2016,
Supplement No. 4 (E/2016/24),
chap. |, sect. B, decision 47/106.
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Background

SEEA-Energy represents the outcome of a process that was notable for its transparency
and the wide involvement of the international statistical community, economists and
policymakers, among others. The process encompassed five steps:

(@) Identifying and reaching agreement on the topics and issues to be consid-
ered in the drafting of SEEA-Energy, including through the convening of
members of the United Nations Committee of Experts on Environmental-
Economic Accounting for this purpose;

(b) Gathering technical material and examples covering the various topics,
including from the submissions of nominated contributors;

() Drafting and editing provisional chapters;

(d) Consulting with country representatives and experts on specific issues as
well as on completed chapters;

(e) Preparation of a final draft of SEEA-Energy incorporating comments
received at the consultation stage. That final draft was endorsed by the
Committee of Experts on Environmental-Economic Accounting at its
eleventh meeting in June 2016.2

Committee of Experts on Environmental-Economic Accounting
and its Bureau

The following organizations and persons participated in the SEEA-Energy draft-
ing process: the United Nations Committee of Experts on Environmental-Economic
Accounting; international, regional and non-governmental organizations; project
staff; many country agencies responsible for compiling official statistics; city groups;
other expert groups; and individual experts in the economics, energy, policy and
related fields from many regions of the world. As could be expected of the product of
such a sustained and complex process, SEEA-Energy incorporates a diverse array of
contributions.

At its thirty-sixth session in March 2005, the Statistical Commission established
the Committee of Experts.® Its mandate was, inter alia, to oversee and manage the
revision of SEEA.* The Committee of Experts is composed of senior representatives of
national statistical offices and international agencies.

The preparation of SEEA-Energy was managed and coordinated by the Bureau
of the Committee of Experts, which acts under the authority delegated by the Com-
mittee. The members of the Bureau are elected from among the members of the Com-
mittee. The Committee of Experts was chaired by Walter Radermacher (Germany),
2006-2008; and the Committee and its Bureau (which was formed in 2008), have been
chaired by Peter Harper (Australia), 2009-2013; Ian Ewing (Australia, interim chair),
2013-2015; and Bert Kroese (Netherlands), 2015-2018.

2

See minutes of the eleventh
meeting (p. 10), available at
https://unstats.un.org/unsd/
envaccounting/ceea/meetings/
eleventh_meeting/11th%20
UNCEEA%20Minutes_Final.pdf.

Official Records of the Economic
and Social Council, 2005, Sup-
plement No. 4 (E/2005/24),
chap.V, sect. A, para. 7.

Ibid., 2009, Supplement No. 4
(E/2009/24), chap. |, sect. B,
decision 40/104.
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Chapter |
Introduction

1.1. What is the System of Environmental-Economic Accounting for
Energy (SEEA-Energy)?

1.1. The System of Environmental-Economic Accounting for Energy (SEEA-
Energy) is a multipurpose conceptual framework for organizing energy-related statis-
tical information. It supports analysis of both the role of energy within the economy
and the relationship between energy-related activities and the environment.

1.2. The concepts and definitions that underpin SEEA-Energy are designed to
be applicable across all countries, irrespective of how their energy is produced and
used, their relative state of economic development or the composition and state of their
energy resources.

1.3. At the core of SEEA-Energy is an accounting approach that records the
stocks and flows of energy within the territory of reference. This accounting approach
is based on the System of Environmental-Economic Accounting (SEEA), a conceptual
framework that has been developed over the past two decades to integrate the meas-
urement of environmental and economic phenomena. In particular, SEEA-Energy
is a subsystem of the System of Environmental-Economic Accounting 2012— Central
Framework (SEEA Central Framework), which was adopted by the Statistical Com-
mission in 2012 as the international statistical standard for environmental-economic
accounts.” More broadly, SEEA-Energy and the SEEA Central Framework are satellite
accounts of the System of National Accounts 2008 (2008 SNA).¢

1.4. Drawing on the International Recommendations for Energy Statistics (IRES
2018),” SEEA-Energy formalizes the possible range of accounts required to inform
policymakers, analysts and the public at large. This entails the presentation of an inte-
grated set of energy stock and flow accounts in physical and monetary terms as well
as combined presentations of physical and monetary data on energy-related matters.
IRES, which was adopted by the Statistical Commission at its forty-second session in
February 2011,% provide guidance on relevant concepts and definitions, classifications,
data sources and data compilation issues for energy statistics and balances.

1.5. Energy information is typically presented in physical terms. A particu-
lar strength of SEEA-Energy is its capacity to apply monetary valuations to various
energy-related stocks and flows. Monetary measures of flows of energy products are
organized within monetary supply and use tables. As regards stocks, SEEA-Energy
expands the typical focus of energy statistics (which record physical extraction of
mineral and energy resources) so as to encompass the assignment of monetary val-
ues for the resources and depletion arising from extractions. In particular, the mon-
etary measure of depletion can be directly related to physical measures of extraction
of energy from natural inputs, and is at the same time a component of the calculation
of such measures as depletion-adjusted national saving and depletion-adjusted gross
domestic product (GDP).
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1.6. SEEA-Energy has not been designed to replace various existing types of
energy information in all their richness and depth. Instead, the value added of SEEA-
Energy lies in its ability to bring a broader and more structured perspective to bear on
the energy-related information already available. Through their coherence with SNA,
the data in the energy accounts can be easily linked with other information collected
for the national accounts, which allows for a more detailed and policy-relevant analy-
sis of energy information.

1.7.  The capacity of SEEA-Energy to link energy accounts with economic and
other environmental accounts underlines its power. Essential to the formulation of a
policy response to an environmental issue such as climate change, which is affected by
energy-related emissions of carbon into the air, is understanding both human impacts
on the physical environment (through determining, for example, which industry is
generating the carbon emissions and the energy products involved); and energy needs
and possible constraints and solutions (through determining, for example, ongoing
energy requirements and what kind of low-carbon energy sources can be utilized).

1.8. Information generated from SEEA-Energy accounts can also enhance the
understanding of issues related to the effects of using economic instruments (such as
tradable carbon emission permits) on both the economy and the environment. Those
effects may include impacts on energy prices, household spending and business profit-
ability and, crucially, on emissions of carbon generated by domestic producers and as
embodied in imports.

1.9. It should be noted that one of the benefits of SEEA-Energy is derived from
its implementation at an international level. A significant advantage that arises from
the widespread adoption of SEEA-Energy is the ability to compare and contrast rel-
evant information across a range of countries, particularly with regard to energy-
related issues that are multinational or global in character.

1.2. Policy relevance and uses of SEEA-Energy

1.10. As energy plays an integral role in the life of humans, how we use it
becomes an essential consideration within the context of sustainable development.
The effect on the environment of our energy use is a critical policy issue. Concerns are
growing regarding the impact of countries’ energy use and related emissions globally
as well as upon local environments. At the same time, it is recognized that continuing
human welfare and development are dependent upon the benefits to be derived from
energy use.

1.11. With regard to informing policy decisions related to the supply and use of
energy, the SEEA-Energy framework functions as a multipurpose system, which can
(a) provide broad guidance on those issues and areas of concern that should be the focus
of decision makers tasked with formulating indicators of progress towards policy objec-
tives, including the Sustainable Development Goals; (b) enrich, through its detailed
information, our understanding of the issues including potential identification of the
key drivers of change; and (c) support the development of models and scenarios for use
in assessing the possible intra- and intercountry impact of specific policies.

1.12. SEEA-Energy and IRES provide the conceptual framework for monitoring
progress towards realizing energy policy objectives both in countries and on an inter-
national scale. Energy policy involves several actors, including civil society, enterprises
and political entities. These actors differ in their perspectives and interests, and exert
pressure on different components of the energy sector and the environment.
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1.13. The use of energy by households and industry imposes a broad range of
pressures on the physical environment, which are a result of the specific choices regard-
ing energy supply and use that are made both at the national level (the decision to
build, for example, new hydropower plants or to adopt widespread use of coal-powered
electricity) and at a more local level. Those choices give rise to pressures in terms of
both depletion of non-renewable sources and environmental degradation arising from
energy-related emissions or shifts towards the use of energy from renewable sources.
Those pressures impact, inter alia, the stocks of mineral and energy resources and air
and water quality.

1.14. Environmental pressures often impact the policy dimension, resulting in
the development of responses to these pressures by actors from the realms of poli-
tics, enterprises and civil society. Given the range of actors involved in energy-related
policymaking, fully informed decisions on energy policy require utilization of mul-
tidisciplinary information systems to ensure effective alignment among the various
competing social, economic and environmental interests.

1.15. The specific characteristics and needs of each country will determine the
degree to which any particular type of policy aimed at achieving secure and sustain-
able energy production and use will be emphasized. In general, however, countries’
overarching policy objectives can typically be framed within three major categories:
improving energy distribution and access; managing energy supply and demand; and
reducing environmental pressures associated with energy supply and use.’

1.16. The first objective, improving energy distribution and access requires poli-
cies whose aim is to ensure that all energy users, including rural and urban house-
holds, have access to appropriate, reliable and affordable energy. Energy production
and distribution services are delivered by a range of providers, including networks
operated by electricity and gas utilities. SEEA-Energy provides a range of measures,
including information on capital outlays, designed to guide policymakers in assessing
those providers’ overall performance in supplying energy.

1.17. SEEA-Energy accounts can also monitor the various energy products sup-
plied to households, government and enterprises (as well as energy products that are
exported) and thereby assist policymakers in their efforts to ensure uninterrupted
provision of energy supply services. Capturing the cost of the energy products offered
to energy users is an important undertaking. Costs associated with providing these
services, including current and future capital costs as well as the means of financing
operations, need to be taken into account. SEEA-Energy can provide, on an ongoing
basis, the information required to assess the operational efficiency of energy provid-
ers. This is significant since, in general, providers should be able to deliver a service
reliably to energy users, recover the costs of providing these services and generate a
return sufficient for addressing recurrent capital needs, such as infrastructure repairs
and upgrades, while remaining commercially viable.

1.18. The second objective, managing energy supply and demand, requires poli-
cies that address issues related to energy supply and allocation. Energy accounts can
be used in policy implementation to monitor the amounts of energy allocated for dif-
ferent uses, both by the type of user consuming the energy and by the purpose of use.
It is essential to measure the allocation of energy, as certain resources such as timber
and oil resources are scarce and should be used efficiently. Energy accounts can link
information on the use of energy products by industries to the associated value added
generated by those industries. This information can be further assessed alongside
information on the relative prices paid for energy products by different consumers.
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1.19. Managing energy supply and demand is closely linked with the first objec-
tive of improving energy distribution and access. A policy whose primary goal was either
of these two objectives would, in pursuing that objective, have an effect on the other.
The major distinction between these objectives lies in the fact that improving energy
distribution and access is generally focused on energy availability, while the focus of
managing energy supply and demand is usually on how the available energy is used.

1.20. Underpinning the third objective, reducing environmental pressures asso-
ciated with energy supply and use, is the recognition that energy production can
generate adverse environmental outcomes, including impacts on, for example, land
use, water quality, biodiversity and air quality. In this respect, it is important to identify
and measure the variables associated with energy production and delivery that may
exert a negative environmental impact such as coal combustion-related sulfur dioxide
(SO,) emissions or gas use-related carbon dioxide (CO,) emissions. SEEA-Energy can
provide information on taxes and other instruments aimed at controlling these vari-
ables (such as tradable carbon emission permits) and, through its links to SNA frame-
work, SEEA-Energy can connect such policies with their impact on measures such as
household expenditure and saving, government revenue and GDP.

1.21. Expenditure on environmental protection and resource management activ-
ities related to energy supply are also relevant to this objective. SEEA-Energy captures
both current expenditures and relevant investment expenditures, including, among
others, those related to (a) carbon capture and storage and (b) the infrastructure for
capturing energy from renewable sources. Various categories of environmental clean-
up, including costs of decommissioning coal mines and energy-related equipment, are
recorded in SEEA-Energy.

1.22. Underpinning this objective is a recognition of the importance of manage-
ment of energy from natural inputs. In this respect, SEEA-Energy provides several
fundamental extensions to information presented in SNA. For example, following
the SEEA Central Framework, SEEA-Energy considers the depletion of mineral and
energy resources such as coal, oil and natural gas to be a cost of energy extraction,
which allows for the calculation of depletion-adjusted measures of economic activity.

1.23. The SEEA-Energy framework supports several applications that can
inform a variety of policy-related interests. For example, the framework supports the
estimation of carbon emissions required for the production of various products. A
country adopting a policy to deliver a low-carbon future may elect not to produce
products with significant embedded carbon. This has implications for the policy areas
improving energy distribution and access and managing energy supply and demand (as
discussed above). It should be noted that a full assessment of the carbon “footprint”
of the country would consider carbon embedded in imports; this information is also
relevant for reducing pressures on the environment.

1.24. Owing to the nature of energy issues, a full understanding of the implica-
tions of energy-related decisions requires the measurement of a large range of vari-
ables. Measurement of progress towards the achievement of the goals set out in each
of the policy categories described above therefore requires integrated information
systems, which would assist in the collection of data and their conversion to infor-
mation to be used in baselining, monitoring progress and identifying trends. More
importantly, these systems would provide the capacity to consider various environ-
mental and economic dimensions of energy-related policy questions within a single
framework. A comprehensive conceptual framework is therefore required to guide the
process of data integration and the transformation of those data into policy-relevant
information. SEEA-Energy is the framework capable of meeting this need.
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1.3. SEEA-Energy as a system

1.25. SEEA-Energy, which consists of a coherent, consistent and integrated set
of tables and accounts related to energy, provides information on the role of energy
within the economy, the state of mineral and energy resources and various energy-
related transactions. The tables and accounts of SEEA-Energy can be produced in both
physical and monetary terms, and are based on internationally agreed concepts, defi-
nitions, classifications and accounting rules.

1.3.1.  Scope and coverage of SEEA-Energy

1.26. In general, the accounts are compiled within the context of a national
economy, defined in accordance with SNA and the SEEA Central Framework. In geo-
graphical terms, the economy is defined by the economic territory of a country (which
generally aligns closely in physical terms with its national boundaries as commonly
recognized). The economic units of interest are determined to be those enterprises,
households and governments with a centre of interest in the economic territory (on
the basis of a concept known as the residence principle). The economy is defined by
the production, consumption and accumulation activities undertaken within the eco-
nomic territory by the relevant economic units. It should be noted that transactions
related to international bunkering and international transport are accounted for based
on the residence of the operator of the transport equipment.

1.27. The environment, from which energy is sourced and into which emissions
are absorbed, is also bounded by these territorial considerations. Thus, all energy from
natural inputs and the environment within a country’s economic territory (including
its exclusive economic zone) are within scope of the SEEA-Energy framework.

1.3.2.  Types of SEEA-Energy accounts

1.28. There are three main types of accounts in the SEEA framework: (a) physi-
cal flow accounts, (b) monetary flow accounts for energy-related transactions and
(c) asset accounts in physical and monetary terms. Descriptions of these three types of
accounts form the core of SEEA-Energy as explained in chapters III-VL

Physical flow accounts

1.29. In physical flow accounts for energy, energy flows are recorded in physi-
cal units. The aim of these physical flow accounts is to record flows of energy (a) from
the environment to the economy, (b) within the economy (as energy products) and
(c) from the economy to the environment (as losses, mainly in the form of dissipa-
tive heat). Within SEEA-Energy, the joule, which is the unit used to express physical
energy flows, provides a common basis for their direct comparison and/or combina-
tion. In other types of accounts, physical flows of energy may be recorded in a variety
of units. For example, mass units (e.g., tons) and volumetric units (e.g., cubic metres)
are utilized in material flow accounts.

1.30. Accounting for these various physical flows entails the application of the
basic laws of the conservation of mass and energy, as well as accounting rules covering
supply and use. Thus, the supply of energy from natural inputs by the environment
must be matched by the use of those inputs by the economy, including for non-energy
purposes and the immediate return of those inputs to the environment (through, for
example, the flaring of natural gas during its extraction). In addition, within the econ-
omy, the supply of energy products must equal their use (with relevant adjustments for
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the trade in goods and services between countries). Finally, the economy’s generation
of residuals must be matched either by their collection by other economic units (as in
the use of fly ash in building materials'®) or by their release to the environment. Energy
produced through the incineration of solid waste is recorded in the accounts as sup-
plied from within the economy.

1.31. Accounting for the various physical energy flows in this way serves as
the basis for constructing a physical supply and use table in which the various types
of energy-related physical flows can be recorded. The physical supply and use table
in SEEA-Energy is based on supply and use tables of the SEEA Central Framework,
which have been developed for environmental-economic accounting more gener-
ally. The physical supply and use table for SEEA-Energy includes energy flows only in
joules. For example, although all timber could potentially be used as a source of both
heat and energy, flows of timber are included in the SEEA-Energy accounts only when
its use is to be energy-related.

Monetary flow accounts for energy-related transactions

1.32. Many of the physical flows of energy have corresponding monetary flows
reflecting various transactions between economic units, that is, industries, households
and governments. For example, the use of refined petroleum products by households
cannot only be measured physically in joules, but also recorded in terms of house-
hold spending on these products. All such transactions between economic units are
recorded in SNA.

1.33. Accordingly, in addition to being recorded in physical terms in the physi-
cal supply and use tables, flows related to the supply and use of energy products are
recorded in monetary terms in the monetary supply and use tables for energy. Mon-
etary supply and use tables for energy, however, have a narrower scope than the cor-
responding physical supply and use tables, since they record flows of energy products
solely within the economy and not between the economy and the environment.

1.34. Other energy-related transactions are of interest as well. Many of them
are related to the environment, including transactions associated with activities that
reduce or eliminate pressures on the environment and that aim at making more effi-
cient use of energy resources, such as investment in technologies designed to prevent
or reduce pollution and in technologies whose application leads to more efficient use
of energy.

1.35. Taxes and subsidies are two of the tools relied upon by government to
implement policies. Given the policy interest in certain energy-related monetary flows
to and from government for environmental purposes, it is appropriate to measure
energy-specific taxes and subsidies and similar flows (such as investment grants for
capturing renewable sources of energy).

1.36. Several other economic aggregates, related to extraction and exploration
activity, would likely be of interest. In this regard, measures of value added, as well
as rent payments for access to resources, may be particularly relevant. There may also
be a focus on the level of investment in extraction equipment and on the state of the
associated produced assets (for example, the condition of a country’s gas extraction
infrastructure). All of this information can be organized into relevant accounts for
energy-related transactions.

Asset accounts in physical and monetary terms

1.37. Measurement of the quantity of mineral and energy resources, includ-
ing changes in these resources over time, is a central feature of SEEA-Energy. Asset
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accounts focusing on the various components of mineral and energy resources meas-
ure the stock of each resource at the beginning and end of an accounting period and
record the various changes in the stock due to such factors as extraction, discovery and
catastrophic loss.

1.38. The compilation of asset accounts in physical terms provides valuable
information on mineral and energy resource availability. An important facet of the
SEEA-Energy asset accounts is their estimation of the depletion of mineral and energy
resources in physical terms. For those resources, the quantity of depletion is equal to
the quantity of the resource extracted.

1.39. The information yielded through the compilation of asset accounts in
monetary terms can provide valuable assistance in understanding the relationship
between rates of extraction and current economic activity, as well as the economic
costs of extraction as related to future incomes. The monetary value of depletion used
in asset accounts is the same as the valuation used in the depletion-adjusted measures
of income and savings.

1.40. Market prices are the underlying basis for valuation of stocks of mineral
and energy resources in SEEA-Energy just as they are the basis for valuation in 2008
SNA (para. 3.119) and the SEEA Central Framework (para. 2.143). Using market prices
for this purpose enables mineral and energy resources to be readily compared with
produced and financial assets.

1.41. Because there is no market for many mineral and energy resources assets
(e.g., environmental assets in situ such as coal and oil are rarely bought and sold),
alternative valuation methods must often be used to compile asset accounts in mon-
etary terms. The approach described in SEEA-Energy is the net present value method,
through which the value of an asset may be calculated, based on the future income
streams that are expected to accrue from the use of the asset.

Relationships between the accounts

1.42. The various accounts within the SEEA-Energy framework are connected,
although each focuses on a different dimension of the interaction between the econ-
omy and the environment. For example:

» Changes in the stock of mineral and energy resources (under the asset
account) are most often the result of economic activity, which is the
focus of physical flow accounts. Measurement of flows of mineral and
energy resources within the physical supply and use table is consistent
with the measurement of extraction in the asset accounts;

o Measures of the flows of energy from natural inputs and energy residu-
als can be related to accounts for energy-related transactions, includ-
ing investment in cleaner technologies and flows of energy-related taxes
and subsidies.

1.43. Such examples serve to highlight the variety of relationships subsisting
among the accounts, with each reflecting a different perspective. Those relationships
are elucidated through the application of the common concepts, definitions and clas-
sifications underpinning the SEEA-Energy framework.

1.3.3.  Building on existing energy-related information

1.44. SEEA-Energyrelies heavily on energy statistics for the basic inputs required
for its implementation. The concepts, definitions, data sources, methods of data com-
pilation and quality assessment, and classifications covered by IRES are used to pro-
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vide the basic data needed to compile SEEA-Energy accounts and tables. For example,
the energy balances presented in IRES are constructed according to an organizing
principle very similar to the principle underpinning the physical supply and use table.
Further, IRES and SEEA-Energy utilize the same definitions of energy products. In
effect, SEEA-Energy has been developed through organizing data collected based on
IRES within a framework coherent with SNA. IRES therefore constitute a framework
that is complementary to SEEA-Energy and supports its implementation.

1.45. SEEA-Energy, as an integrated accounting system, stands apart from indi-
vidual sets of energy statistics. While sets of energy statistics are usually internally
consistent, there is often no strict consistency between one set of statistics and another,
in many instances, for a good reason. As energy statistics are frequently collected with
a particular regulatory or administrative purpose in mind, their structure may be spe-
cific to that purpose. With respect to existing energy statistics, it is often the case that
the industrial classification used to categorize the use of energy products by industries
is not the International Standard Industrial Classification of All Economic Activities
(ISIC) (which is applied in the SEEA Central Framework and the suite of international
standards for economic statistics, including SNA). The use of ISIC in energy statistics
would allow the incorporation of these statistics in physical flow accounts and com-
bined accounts.

1.46. In contrast, SEEA-Energy is an integrated system that, to the fullest extent
possible, ensures consistency among its various accounts in terms of concepts, defini-
tions and classifications. In addition, implementation of such an integrated system
allows for consistency over time, which is of the utmost importance in developing the
comparable time series estimates that are integral to the policy process.

1.47. Finally, an important difference between energy statistics and SEEA-Energy
is the coherence of SEEA-Energy with the economic information of SNA and other
environmental-economic accounts of both the SEEA Central Framework and its other
subsystems. Such coherence adds considerable value to both physical and monetary
information, as it facilitates integrated analyses within a common framework.

1.48. It is reasonable to expect that, over time, the implementation of SEEA-
Energy and IRES will result in changes related to how energy statistics are collected
and structured within a given country. Close collaboration between those tasked with
compiling energy statistics and those responsible for energy accounts will assist in the
creation of a multipurpose system that contributes to the collection and dissemination
of energy information. The beneficiaries would include, among others, policymakers
in the energy field and members of the community who benefit from better-informed
policy decisions.

1.34. Combining information in physical and monetary terms

1.49. One of the most powerful features of SEEA-Energy is its organization of
information in both physical and monetary terms within a context of consistency in
scope, definitions and classifications. The power of SEEA-Energy in this regard is espe-
cially evident in the compilation of accounts and tables where information in physical
and monetary terms is combined. The structure of combined presentations depends
on the topic of measurement (e.g., decoupling of energy use from economic output,
decoupling of energy use from emissions to air, or cost per joule of various energy
products used by diverse industries), the questions of interest and the availability of
data. On the other hand, combined presentations have certain characteristics in com-
mon and share certain similarities with respect to the benefits they yield.
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1.50. First, combined presentations allow users to find a range of relevant infor-
mation in a single location without having to make special adjustments to ensure
coherence and consistency.

1.51. Second, combined presentations promote dialogue between persons
familiar with data organized according to economic accounting structures and those
familiar with information organized with reference to specific physical flows. Thus,
combined presentations provide a basis for integrating analyses of energy-related,
environmental and economic issues and thereby reduce the tendency to analyse those
issues independently of one another.

1.52. Third, combined presentations structure information in such a way as to
support the derivation of policy-relevant indicators, for example, decoupling indica-
tors that are defined as the ratio of the use of energy from natural inputs to growth in
production and consumption.

1.53. Fourth, combined presentations provide an information base for the devel-
opment of models and detailed analysis of energy-related interactions between the
economy and the environment.

1.54. Overall, the power of SEEA-Energy and its standard concepts and defini-
tions is clearly on display in the development of presentations that combine physical
and monetary data.

1.3.5.  Flexibility in implementation

1.55. Although SEEA-Energy is presented as an internally consistent and com-
plete system, its design is such that it can be implemented equally well in part or as a
whole. A country may choose to implement only selected accounts included in SEEA-
Energy, basing such decisions on policy priorities and the extent and type of its min-
eral and energy resources, the characteristics of its energy production and use, and
any specific energy-related issues it faces. Even if a country eventually aims towards
implementing the full system, it may decide to focus initial efforts only on the accounts
that are most relevant to the issues it most urgently wishes to address.

1.56. For example, a country with few mineral and energy resources may choose
not to compile asset accounts for those resources. Even countries with abundant min-
eral and energy resources may wish to concentrate first on the inputs with the greatest
economic value, or on those that have become subjects for discussion regarding how
government appropriates revenue from their extraction.

1.57. Countries with a high level of dependence on imports of certain energy
products may find it useful to build physical flow accounts for those products in order
to highlight which industries and outputs are most affected by this dependence. Such
countries might focus on compiling physical flow accounts for only those energy
products whose imports are policy-relevant rather than on compiling physical flow
accounts for all energy products.

1.58. If a country is concerned about reducing its energy-related carbon emis-
sions through the use of tradable permits to emit carbon, it would most likely be con-
cerned as well about the use of specific types of energy products (as detailed in the
physical flow accounts) and the carbon emissions resulting from their use, as well as
the industries and households using those products.

1.59. These examples illustrate the flexibility of application of SEEA-Energy. It
is important to bear in mind, however, that regardless of which parts of SEEA-Energy
are implemented, they should be implemented in such a way as to ensure their internal
consistency and complementarity to the broader system as a whole.
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1.4. SEEA-Energy and related statistical standards and
publications

1.60. The integrated character of SEEA-Energy, in particular its coverage of data
in both physical and monetary terms, signifies that it has a relationship with several
other international statistical standards and frameworks, namely: (a) the SEEA Cen-
tral Framework and other SEEA subsystems; (b) IRES; (c) SNA and related economic
accounts-related standards; and (d) standard international classifications. These rela-
tionships are described below.

14.1.  SEEA-Energy and related manuals for environmental-
economic accounting

1.61. The SEEA Central Framework, the international statistical standard for
environmental-economic accounting, has been the starting point for the development
of SEEA-Energy, which is a subsystem of, and entirely consistent with, the Central
Framework. Bringing together the energy-specific tables and accounts of the SEEA
Central Framework, SEEA-Energy elaborates in greater detail the links between
energy accounts and the energy statistics and balances presented in IRES.

1.62. As users of the present manual may include energy statisticians/analysts
and national/environmental accountants, it is designed to serve as a bridge between
the two communities through elaboration of (a) energy-related concepts that are
familiar to energy statisticians and (b) accounting concepts and rules, including the
integration of basic energy statistics into the accounting framework, which are famil-
iar to national/environmental accountants. One of the contributions of SEEA-Energy
is its all-encompassing presentation of the linkages between energy statistics-related
concepts and the concepts applied to energy accounts. Being fully consistent with the
SEEA-Central Framework and coherent with IRES, SEEA-Energy can serve as a use-
ful tool for experts from a variety of disciplines who are engaged in the compilation of
energy accounts.

1.63. The unique scope of SEEA-Energy includes a further elaboration of the
definitions and concepts related to energy from natural inputs, energy products and
energy residuals; an explicit extension of physical flow accounts to encompass own use
of energy products; the derivation from the physical flow accounts of several related
tables, including those on energy transformation and end use of energy; a discussion
of monetary accounts that includes energy transactions; and a presentation of physical
and monetary asset accounts not only for mineral and energy resources but also for
inventories of energy products.

1.64. The SEEA Central Framework constitutes the overarching fabric of all
SEEA subsystems, which were constructed to present more detailed structures and
explanations. There may sometimes be overlap in the scope of the issues considered by
different subsystems, in which case more than one subsystem would end up address-
ing the same issue. For example, the practice of hydraulic fracturing for the release of
coal seam gas is related to both hydrological systems and the production of energy.
Hence, an integrated analysis of economic and environmental aspects of this issue
could potentially utilize data from both SEEA-Water and SEEA-Energy, as well as
from the SEEA Central Framework.
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14.2.  SEEA-Energy and IRES

1.65. SEEA-Energy has a close relationship with IRES, which contributes valu-
able inputs into the production of the tables and accounts of SEEA-Energy. In particu-
lar, IRES support the use of harmonized definitions of energy products in accordance
with the Standard International Energy Product Classification (SIEC) and offer guid-
ance regarding data sources and data compilation. In cases where a country has pro-
duced energy statistics and energy balances in accordance with IRES, the compilation
of SEEA-Energy tables and accounts becomes an extension to the existing body of
official energy statistics.

1.66. The concepts presented in IRES are therefore a key input to SEEA-Energy.
However, it should be noted that several important extensions and adjustments to
those concepts are needed before they can be integrated in physical and monetary
accounts following the principles of SNA. In addition, SEEA-Energy incorporates sev-
eral structures that are needed for integrated environmental-economic analyses in the
area of energy. The differences between SEEA-Energy and IRES are discussed further
in section 3.4.

1.67. It should be emphasized that as SEEA-Energy remains a conceptual man-
ual, it needs to be supported by manuals focused on compilation. In this regard, the
Eurostat manual on physical energy flow accounts, entitled “PEFA guidelines for data
collection 20177 (1 June 2017), provides some general compilation guidance.

14.3. SEEA-Energy and 2008 SNA

1.68. The relationship between SEEA-Energy and SNA is a fundamental one.
2008 SNA is the conceptual framework used as a reference for the SEEA and, by exten-
sion, for SEEA-Energy. Indeed, in many respects, SEEA-Energy may be viewed as a
satellite account of 2008 SNA.

1.69. As many of the accounting concepts and definitions used in SEEA-Energy
are drawn from SNA, users of SEEA-Energy may need to consult 2008 SNA for more
detailed guidance on particular accounting issues. However, these systems need to
be distinguished in their treatment of two primary areas, namely: (a) the scope of
the recording of physical flows compared with monetary flows (which is somewhat
broader in SEEA-Energy in that it includes, inter alia, own use of energy); and (b) the
incorporation in SEEA-Energy of depletion from the extraction of mineral and energy
resources not only as a reduction in the value of these resources but also as a cost
against the income earned from that extraction. The SEEA-Central Framework must
be distinguished from 2008 SNA in the same way.

14.4. SEEA-Energy and standard international classifications

1.70. The consistent use of classifications in the compilation of data in physical
and monetary terms is a central feature of SEEA-Energy. International comparability
of data is enhanced through the collective use by countries of standard international
classifications where they are available.

1.71. Several classifications used in SEEA-Energy are key to integrated
environmental and economic analysis, including the classification of economic units
into industries under the above-mentioned ISIC; and the also above-mentioned
SIEC. These classifications are used throughout SEEA-Energy and the SEEA Central
Framework.

1"
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1.72. SEEA-Energy uses SIEC in the physical measurement of energy products.
Monetary flows of energy products, on the other hand, are often classified using the
Central Product Classification. As a one-to-one relationship does not exist between
SIEC and Central Product Classification categories, a correspondence between these
classifications will be needed for detailed analysis of combined physical and monetary
data sets. For the assessment of the status of different mineral and energy resources,
the United Nations Framework Classification for Fossil Energy and Mineral Reserves
and Resources (UNFC-2009)" is the relevant international standard.

1.73. A range of additional listings and categorizations whose aim is to support
the compilation of data are found in SEEA-Energy as well, including a breakdown of
the types of residuals. While these are not standard statistical classifications, they do
provide an structure for compilation and international comparison.

1.74. The organization of data following standard classifications is an important
step towards facilitating the development of accounts that are as coherent, consistent
and comparable as possible over time and across countries.

1.5. Overview of SEEA-Energy
1.5.1.  Introduction

1.75. As the conceptual framework presented in this publication has been
designed for application around the world, it necessarily reflects the recognition that
different conditions and different institutional arrangements may prevail in different
countries, especially with regard to developed countries as compared with developing
countries. It is hoped that the rationales offered for the methods used will help enable
statisticians to decide on the proper approaches within the context of future develop-
ments and new institutional arrangements.

1.76. The publication does not attempt to provide guidance on the making of
estimates or on prioritization with respect to the implementation of different accounts.
Specialized guidance on economic statistics-related accounting is available in 2008
SNA.

1.77. Provided directly below is an overview of the chapters that follow.

1.5.2. A chapter-by-chapter reader’s guide to SEEA-Energy

1.78. SEEA-Energy comprises seven chapters. The introductory first chapter
encapsulates the policy relevance of SEEA-Energy, sets forth the general aims and
purposes of environmental and economic accounting for energy and briefly outlines
key elements of the SEEA-Energy framework and its place in the broader suite of sta-
tistical information and conceptual frameworks associated with environmental and
economic measurement.

1.79. Chapter II, entitled “SEEA-Energy framework”, examines the key elements
of SEEA-Energy and the accounting approach used, while noting that most of the
organizing principles and accounting rules used in SEEA-Energy are drawn from the
SEEA Central Framework. The main types of accounts and the key classifications used
in SEEA-Energy are covered, along with the basic principles of accounting for stocks
and flows, the definition of economic units and principles of valuation.

1.80. Chapter II highlights an important facet of SEEA-Energy—its integrated
character. This signifies that different components of the framework are governed by a
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common accounting approach. A description of the concepts and building blocks used
in combining physical and monetary data concludes the chapter.

1.81. Chapter III, entitled “Physical flow accounts”, offers a detailed examina-
tion of how SEEA-Energy handles the recording of the different physical flows (i.e., of
energy from natural inputs, energy products and energy residuals), which are organ-
ized within a physical supply and use table. The chapter focuses on the boundary
between the economy and the environment within a context where flows of energy
products are considered to be “within the economy” while flows of energy from natu-
ral inputs and energy residuals are regarded as “from the environment to the econ-
omy” and “to the environment from the economy”, respectively.

1.82. Besides presenting physical supply and use tables that follow the general
structure of those in SEEA Central Framework, that chapter describes the different
types of flows that make up the physical supply and use of energy, including produc-
tion, consumption, changes in inventories, and exports and imports; discusses energy
use by purpose and presents an illustrative physical use table; and examines in detail
the relationship between energy statistics, energy balances and energy accounts and
the use of bridge tables to link energy balances and energy accounts.

1.83. Chapter IV, entitled “Monetary flow accounts”, focuses on identifying eco-
nomic transactions within SNA that are considered to be energy-related. It presents a
supply and use table for energy products, measured in monetary terms.

1.84. In that chapter, particular attention is paid to the energy-related transac-
tions that have clear-cut implications and significance for the environment. These
include various types of energy-related taxes, subsidies and similar transfers, as well as
a range of other payments and transactions that are all recorded within SNA frame-
work but often are not explicitly identified as related to the environment.

1.85. Chapter IV also covers the topic of combined monetary and physical pres-
entations, a key area where SEEA-Energy demonstrates its capacity to inform energy-
related interactions between the economy and the environment.

1.86. Chapter V, entitled “Physical asset accounts for mineral and energy
resources’, focuses on the recording of physical stocks and flows associated with
mineral and energy resources; discusses the UNFC-2009 that is used to determine
which mineral and energy resources meet SNA definition of an economic asset; and
presents a physical asset account along with a detailed description of the various
data items within it. Many practical and conceptual measurement challenges that are
uniquely associated with energy assets are discussed in chapters V and V1.

1.87. Chapter VI, entitled “Monetary asset accounts for mineral and energy
resources and for energy product inventories”, describes the monetary valuation of
those mineral and energy resources that are considered economic assets; and estab-
lishes the essential link between physical asset accounts as presented in chapter V and
the accounts of 2008 SNA. Monetary asset accounts are presented and the structure
and principles underpinning those accounts are described.

1.88. That chapter also provides a detailed example of the application of the net
present value approach to the valuation of mineral and energy resources and discusses
discount rates and other factors that are important within the context of this approach.

1.89. The aim of chapter VII, entitled “Uses of energy accounts”, is to build a
bridge with those who, in conducting specific research on energy-related environmen-
tal-economic topics, could employ SEEA-Energy data sets. In pursuit of that aim, a
different perspective from that of the other chapters has been adopted. A demonstra-
tion is provided of how analyses of energy-related interactions between the economy
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and the environment might be carried out and, in that regard, various extensions and
techniques entailing the use of data from SEEA-Energy are presented. The chapter also
discusses the potential application of the energy accounts to inform the Sustainable
Development Goals and introduces a range of relevant indicators that can be compiled
using information contained in the accounts.



Chapter I
SEEA-Energy framework

2.1. Introduction

2.1. The conceptual framework of SEEA-Energy, which is a subsystem of
the SEEA Central Framework and is fully consistent with it, focuses exclusively on
energy. SEEA-Energy provides further details on issues related to energy account-
ing as well as guidance on the utilization of several additional tables that can be of
use to policymakers, researchers and the public at large. The consistency of SEEA-
Energy with the SEEA Central Framework ensures that the principles that it applies
are consistent with 2008 SNA. SEEA-Energy can be used to assess such factors as
changes in energy intensity and decoupling of energy use from economic production.
This means, significantly, that SEEA-Energy can provide information on challenges
within the broader context of integrated environmental-economic accounting, such
as how energy-related issues relate to various environmental protection activities.
The present chapter provides an overview of the SEEA-Energy accounting structure,
including its rules and recording principles.

2.2. The IRES recommendations with regard to, inter alia, the data items that
should be collected and the concepts, definitions and classifications relevant for energy
statistics and energy balances, provide a basis for the production of high-quality energy
statistics. Basic energy statistics that are collected according to IRES can serve as a
data source for the compilation of the physical supply and use tables in SEEA-Energy.
Building upon basic energy statistics, SEEA-Energy (a) produces an integrated set of
accounts that allow for full accounting of energy-related stocks and flows, in physical
and/or monetary terms and (b) combines the presentations of those physical and mon-
etary data. The SEEA-Energy framework is underpinned by a systems approach that
ensures that there is full coverage without gaps or overlaps and that all the statistics
within SEEA-Energy can be interrelated.

2.3. The SEEA-Energy framework expands the conventional economic meas-
urement framework (i.e., SNA) to incorporate flows between the economy and the
environment, and to highlight certain environmental activities and expenditures that
are not shown explicitly in conventional national accounts presentations. The SEEA-
Energy framework also encompasses mineral and energy resources, both inside and
outside of the scope of conventional economic measurement, and records stocks of
mineral and energy resources and changes in those stocks over time.

2.4. Section 2.2 places various energy-related dimensions of the economy and
the environment within a coherent context. Using the broad framework examined in
section 2.2, section 2.3 presents the accounting structure of SEEA-Energy, as exhibited
through its supply and use tables, asset accounts and functional accounts. Sections 2.4
and 2.5 discuss economic units and classifications, respectively.

2.5. Section 2.6 focuses on a range of specific accounting rules and principles
that form the basis for the recording of accounting entries and the compilation of
SEEA-Energy accounts. The concluding section introduces the topic of combined pres-

15



16

System of Environmental-Economic Accounting for Energy

entations of physical and monetary data (key outputs of the SEEA-Energy framework),
including the conceptual basis for combining those data and the building blocks of
combined presentations.

2.2. Overview of the SEEA-Energy framework

2.2.1. Introduction

2.6. The present section considers the scope of the economy for energy accounts.
The definition of the national economy and the application of the residence principle
are discussed and specific measurement issues are elaborated.

2.2.2. Scope of the economy for energy accounts

2.7.  As the national economy and the environment constitute the initial meas-
urement boundaries, they must be clearly defined so as to ensure that information can
be organized consistently over time, across countries and for use in different areas of
analysis. Essential definitions are provided in the following paragraphs.

2.8. In accordance with the concept applied by SNA and the SEEA Central
Framework, an economic territory (including the exclusive economic zone) is the area
under effective economic control of a single government. The national economy, which
is defined in accordance with that concept, comprises the set of institutional units that
are resident in an economic territory, where the term institutional unit refers to an
economic entity that is capable, in its own right, of owning assets, incurring liabilities
and engaging in transactions and other economic activities with other entities. A resi-
dent of a country is an institutional unit with a centre of economic interest in the eco-
nomic territory of that country (under the residence concept or residence principle);
a unit is considered non-resident if its centre of economic interest does not lie within
the economic territory of a country. In general, there will be a large overlap between
those units that are resident and those units that are located within the geographically
defined boundaries of a country. For energy accounts, there are two important points
to be considered as regards this overlap:

(@) Resident producing units may operate outside of the national territory, for
example, ships and aircraft, and fishing operations in international and
other nations’ waters. In these cases, they are regarded as remaining resi-
dents of their national economy irrespective of their location of operation;

(b) Extraction of mineral and energy resources is always regarded as being
undertaken by resident units. Such treatment is consistent with that of
2008 SNA (para. 4.15 (e)), which states that an enterprise that will under-
take extraction is deemed to become resident when the requisite licences
are issued, if not before.

2.9. The definition of the geographical scope of the economy in SEEA-Energy
thus aligns with the definitions found in SNA and the SEEA Central Framework, which
allows for alignment between flows in physical and monetary terms. However, this defi-
nition of the geographical boundary differs from that commonly used within the con-
text of energy statistics and energy balances. Energy statistics are usually based on the
territory principle, which assigns flows to the country in which the producing or con-
suming unit is located at the time of the flow. Where those statistics are an information
source for the compilation of SEEA-Energy accounts, adjustments to the data are likely
to be needed to account for differences in geographical coverage. This is especially true
for countries with significant international transport operations, where marked differ-
ences may exist between energy accounts and energy balances for certain aggregates.
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2.10. Figure 2.1 illustrates the principles for recording energy use according to
the territory and residence principles. Energy statistics and balances capture opera-
tions in the national territory, as designated in the second row. In particular, energy
statistics and balances include energy used in the territory by resident units; and
energy used in the territory by non-residents, which includes energy products used
within the territory by transport equipment operated by non-residents or foreign enti-
ties. In contrast, the aim of energy accounts is to capture the activity of residents, as
displayed in the second column, regardless of geographical location. Energy accounts
include energy products sold to residents, whether operating within the national ter-
ritory or abroad, including energy products sourced from bunkers (i.e., from stores of
inventories) located abroad and used by transport equipment operated by residents.

Figure 2.1
Residence versus territory principle for energy
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2.11. SEEA-Energy does not measure flows that are considered to be entirely
“outside of the economy”. The measurement scope of the economy is generally defined
by the production boundary. The production boundary defines the scope of those eco-
nomic activities that are carried out under the control and responsibility of economic
units and that use labour, assets and goods and services to produce outputs of goods
and services (known collectively as products).

2.12. The production boundary is significant for SEEA-Energy, since all goods
and services that are considered to be produced are effectively considered to be “inside
the economy”, while materials that are considered non-produced are “outside the econ-
omy”. For example, oil in its natural state is considered non-produced but petroleum
products made from oil are considered produced. Flows between the economy and the
environment are thus determined by whether they cross the production boundary.
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2.13. The economy can also be considered from the perspective of economic
assets, which are stores of value that are owned and from which benefits can be derived
over time. Such assets have a monetary value: they provide capital inputs to production
processes and are a source of wealth for economic units, including households. While
many economic assets are produced (for example, buildings and equipment), many
(e.g., mineral and energy resources) are non-produced.

Measurement of physical flows related to energy

2.14. A key focus of measurement in SEEA-Energy entails the use of physical
units for energy content (joules) to record flows of energy that enter and leave the
economy and corresponding flows within the economy itself. In broad terms, energy
from natural inputs flows from the environment into the economy, energy products
circulate within the economy, and energy residuals, e.g., energy losses, flow from the
economy into the environment.

2.15. The recording of energy flows in physical terms must follow the principle of
the conservation of energy, which states that energy cannot be created or destroyed—it
can only be changed from one form to another. For example, when oil is extracted
from the ground, its energy content is recorded as energy from natural inputs that
flows from the environment to the economy. When the oil is transformed into oil
products (e.g., motor gasoline), the energy content of the resulting products is recorded
as energy products and the losses arising from the transformation as energy residuals.
The total energy content of the energy products and the various losses must be equal to
the energy content of the oil. Finally, when the end user utilizes the oil products (e.g.,
motor gasoline to drive a vehicle), the heat generated from the final use of the energy
product that enters the environment is recorded as an energy residual (and the value
recorded is equal to the energy content of the motor gasoline).

2.16. From figure 2.2 we see that energy may enter the economy as a natural
input. Alternatively, energy may enter the economy through imports of energy prod-
ucts from the rest of the world.

2.17. A distinction needs to be made between primary energy products (e.g.,
crude oil, natural gas and coal) and secondary energy products. Primary energy prod-
ucts are obtained through the removal or capture of energy from natural inputs from
the environment. Figure 2.2 demonstrates that once energy has been extracted from
natural inputs, it is transformed into energy products, which are delivered to eco-
nomic units for use within the economy. Primary energy products include heat and
electricity that are produced by harnessing energy from renewable sources within the
environment (for example, solar or hydropower).

2.18. Secondary energy products are derived from the transformation of pri-
mary or other secondary energy products into other types of energy products. Exam-
ples include petroleum produced from crude oil, electricity produced from oil and
charcoal produced from fuelwood.

2.19. Energy products may be used directly for fuels, converted into other energy
products, or exported to the rest of the world. However, in some cases, energy products
may be used to produce non-energy products such as plastics or lubricants. Further,
some energy products are produced from inputs that are not normally considered to
be energy products, for instance, energy that is produced from the incineration of
waste and biofuels produced through the transformation of crops.

2.20. Energy products may be temporarily accumulated in inventories for use in
a subsequent period. Similarly, some energy products accumulated in an earlier period
may be removed from inventories for use in the economy or for export.
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Figure 2.2
Physical flows of energy
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2.21. Energy residuals flow from the economy to the environment.”? Exam-
ples of energy residuals include mineral and energy resources lost during the pro-
cess of extraction (e.g., natural gas lost through flaring during extraction); energy lost
between the point of extraction or supply and the point of use (for example, electricity
lost through entry into the environment from the distribution network); energy lost
during storage (e.g., energy products such as liquefied natural gas lost through leak-
age); and losses during transformation, such as those that occur when coal is used to
generate electricity. There are other energy residuals, mainly heat generated when end
users use energy products for energy-related purposes. The recording of these other
energy residuals is required in order for the flows of energy back to the environment
to be fully accounted for. Moreover, such recording is required in order to satisty the
principle of the conservation of energy.

2.22. Flows within the economy include flows between the national economy and
the rest of the world, as shown in figure 2.2. Since the national economy is defined in
terms of the activities of resident units, a one-to-one relationship between the national
economy and the national territory does not exist. Some of the flows to the national
economy may occur on foreign territory and some of the flows on the national territory
may be associated with activities of foreign units. The treatment of such flows, which are
often related to international transport activity and tourism, is described in chapter IIL.

Measurement of energy from natural inputs

2.23. The use by the economy of certain natural inputs such as coal is linked to
changes in the stock of the assets that generate those inputs. Accounting for energy
from natural inputs in both physical and monetary terms is an important feature of
SEEA-Energy.

2.24. SEEA-Energy includes mineral and energy resources such as coal, oil,
natural gas and uranium ore as environmental assets to the extent that they can offer
benefits to humanity, as well as timber to the extent that it is used in energy produc-
tion. It should be noted that, for the purposes of SEEA-Energy, the sun and wind are
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not to be considered environmental assets despite the fact that the inputs of energy
from renewable sources do include solar and wind. Chapter V of the SEEA Central
Framework provides extensive guidance on the definition of environmental assets and
the principles of asset accounting.

2.25. Chapter V of SEEA-Energy provides an overview of the measurement of
mineral and energy resources including various individual components.

Other energy-related stocks and flows

2.26. The SEEA-Energy framework measures stocks of mineral and energy
resources, and energy-related flows between the environment and the economy, as well
as certain other energy-related economic stocks and flows. These include inventories
of energy products and produced assets used in the extraction of mineral and energy
resources and in the generation of energy products; expenditures on the decommis-
sioning of power plants; and taxes and subsidies designed to change the amount and
type of energy used. These types of flows are becoming increasingly important tools
for achieving energy-related environmental policy objectives.

2.3. Main accounts and tables of SEEA-Energy

2.3.1.  Introduction

2.27. SEEA-Energy organizes and integrates the information on the various
energy-related stocks and flows in a series of tables and accounts, which include (a)
supply and use tables presenting flows of energy from natural inputs in physical terms,
products in physical and monetary terms and residuals in physical terms; (b) asset
accounts for mineral and energy resources in physical and monetary terms displaying
the stock of resources at the beginning and the end of each accounting period and the
changes therein; and (c) accounts presenting energy- and environment-related trans-
actions. Functional accounts may also be prepared for the purpose of highlighting
certain economic activities undertaken for environmental purposes. A range of addi-
tional data may be incorporated in these tables and accounts, including population,
demographic and employment information relevant to the analysis of energy-related
issues.

2.28. The strength of the SEEA-Energy framework is derived from its consist-
ency in the application of definitions for stocks and flows across the spectrum of dif-
ferent types of mineral and energy resources; the uniformity of its definitions of the
different types of economic units and locations; and its use of common classifications
for physical and monetary accounts.

2.29. The compilation of energy accounts using SEEA-Energy does not require
completion of every table and every account. Instead, it can be implemented through
a modular approach that takes into consideration those facets of the environment
and the energy situation that are of most importance to a country. At the same time,
the goal should be to account fully for the environmental-economic energy structure
within a country, and to provide information on energy-related issues of national and
global concern using a common measurement framework.

2.30. Section 2.3 presents the various tables that make up the SEEA-Energy
framework and considers the nature of the statistics involved and their integration. As
in reality, the compilation of accounts is more complex than the approach elucidated
in this section would indicate, the presentation is necessarily stylized; nonetheless,
the basic logic of the intent underlying this approach apply throughout SEEA-Energy.
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2.3.2.  Supply and use tables
Physical supply and use tables

2.31. SEEA-Energy records physical flows, measured in physical units of energy
content, through the compilation of supply and use tables. These tables, which are com-
monly known as physical supply and use tables, are used to assess how an economy
supplies and uses energy products, as well as to examine changes in production and
consumption patterns over time. Through combination with data from the national
accounts, physical supply and use tables can examine changes in intensity and produc-
tivity in the use of energy from natural inputs and the release of residuals.

2.32. The physical supply and use table is an accounting construct for the compi-
lation and presentation of all those energy flows that enter, are used within and leave a
country’s national economy for a given period of time. It necessarily expresses energy
flows in a common unit (joules) and illustrates the relationship between inputs to and
outputs from energy transformation processes. The physical supply and use table for
energy aims at comprehensiveness that entails recording all energy flows both within
the economy and between the economy and environment.

2.33. Table 2.1 provides an introduction to the physical supply and use table.
This basic table requires a range of additions and refinements if it is to cover all rel-
evant flows of natural inputs, products and residuals. These are explained in greater
detail in chapter II1.

2.34. A column for “government” does not appear in the physical supply and use
table for energy because, in physical terms, government activity is completely recorded
within the second column, “industries”. The “households” column relates purely to the
consumption activity of households. Many households also undertake a range of pro-
duction activities, including the collection of fuelwood and the generation of energy
through the use of solar panels. All of this production activity and the associated natu-
ral inputs and residuals are recorded in the “industries” column.

2.35. The supply and use identity applies within the physical supply and use table
for energy. Thus, as shown below, for each product, as measured in physical terms (for
e.g., coal in joules), the quantity of domestic production (output of coal) plus imports
(i.e., total supply of coal) must equal the sum of consumption (both intermediate and
final consumption of coal), changes in inventories and exports:

Total supply of energy products = output + imports
is equal to

Total use of energy products = intermediate consumption
+ household consumption + changes in inventories + exports.

The equality between supply and use also applies to the total supply and use of
natural inputs and the total supply and use of residuals.

2.36. Physical energy flow accounts, which constitute a special case, are a subset
of the physical flow accounts presented in the SEEA Central Framework. While the
first iteration of physical supply and use tables for energy may be compiled using origi-
nal mass and volume measures such as tons, litres and cubic metres or units specific
for energy, such as standard cubic metres (m?), it is recommended that, ultimately, the
accounts use joules as the common energy unit. This is because it is useful to measure
energy from natural inputs and energy products by their calorific energy content.
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Table 2.1

System of Environmental-Economic Accounting for Energy

Basic form of a physical supply and use table for energy (joules)

Energy from
natural inputs

Energy
products

Energy
residuals

Energy from
natural inputs

Energy
products

Energy
residuals

Industries

C.Output

Supply table

Households Accumulation Rest of the world Environment

A.Energy Total supply of energy
inputs fromthe ~ from natural inputs
environment

Total supply of energy
products

I. Energy residuals
generated by
industry

Total supply of energy

L. Energy residuals M. Energy residuals

K. Energy residuals

J. Energy residuals

generated by from received from recovered residuals
household accumulation the rest of the from the
consumption world environment

Industries

from natural inputs

B.Extraction of energy

Use table

Households Accumulation Rest of the world Environment

Total use of energy
from natural inputs

E.Intermediate
consumption

Total use of energy
products

F.Household G.Changesin
consumption inventories

H.Exports

N.Collection and

treatment of energy

residuals

0.Accumulation of  P.Energy residuals ~ Q.Energy residual  Total use of energy
energy residuals sentto therestof  flows direct to residuals
the world environment

Note: Dark grey cells are null by definition.

2.37. There are additional SEEA-Energy tables, which focus on (a) supply of
primary energy products and imports (table 3.6); (b) transformation of energy (table
3.7); and (c) end use of energy (table 3.8). Table 3.8 presents energy use without the
double-counting of energy that is a general feature of the standard supply and use
table. Double-counting arises from the inclusion of both primary energy (e.g., coal)
and converted energy (e.g., electricity), which is the result of primary energy use by
energy supply industries. The specific presentation of the energy flows and the sepa-
rate treatment of supply of primary energy, energy conversion and end use of energy
is similar to the presentation of energy flows in energy balances according to IRES.

2.38. The SEEA-Energy framework includes tables that are in addition to those
in the SEEA Central Framework that, while following the general supply and use
format, introduce a range of features specific to energy accounts. Belonging to this
group is a use table (see table 3.9) demonstrating the energy-related purposes for which
the energy product is used (e.g., transport or heating) as well as non-energy-related
purposes.

2.39. In addition to the supply and use identity, the physical supply and use table
incorporates an identity regarding flows between the environment and the economy.
Known as the input-output identity, it requires that the total flows into the economy
(for example, in the form of natural gas extracted from natural deposits) over an
accounting period be used in production processes, consumed by final users, accumu-
lated in the economy or returned to the environment. The input-output identity also
applies at the level of households and industries. Since natural inputs are transformed
and combined in a wide variety of ways and multiple times, the recording of a full bal-
ance is difficult to achieve in practice.
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Energy into the economy = energy inputs from the environment
+ imports + energy residuals received from the rest of the world
+ energy residuals recovered from the environment

is equal to

Energy out of the economy = energy residual flows direct to the environment
+ exports + energy residuals sent to the rest of the world

plus

Net additions to stock in the economy = changes in inventories
+ accumulation of energy residuals

Monetary supply and use tables

2.40. Monetary supply and use tables in SEEA-Energy fully articulate in mon-
etary terms the flows of energy products within an economy and between different
economic units. The basic form of a monetary supply and use table for energy is laid
out in table 2.2.

2.41. Monetary supply and use tables have their roots in economic accounting
and utilize the same organizational principles and display the same characteristics as
physical supply and use tables. Nevertheless, while the physical supply and use table
for energy contain three main types of flows, namely, energy from natural inputs,
energy products and energy residuals, the monetary supply and use table for energy
records only those flows related to energy products.

Table 2.2
Basic form of a monetary supply and use table for energy
Industries Households Government Accumulation Rest of the world Total
Supply table
Products Output Imports Total supply
Use table
Products Intermediate Household final Government final Gross capital formation  Exports Total use
consumption consumption consumption (including changesin
expenditure expenditure inventories)
Value added

Note: Dark grey cells are null by definition.

2.42. Monetary supply and use tables for energy provide information on the
structure of, and the level of activity in, the energy sector as well as detailed informa-
tion on those industries within the economy that use energy products. They can be
readily integrated with the physical supply and use tables for energy to create a power-
ful analytical tool.

2.43. Chapter IV examines in greater depth the organizational structure of
monetary supply and use accounts for energy, as well as the flows recorded and aggre-
gates contained within these accounts. Full details on the definitions of the different
variables that make up the monetary supply and use tables are described in chapter 14
of 2008 SNA.

Classifications for supply and use tables

2.44. An important requirement for the compilation of supply and use tables in
both physical and monetary terms is the use of consistent classifications for the main
economic units and products. In SEEA-Energy, industries are classified consistently
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> The SEEA Central Framework
provides guidance on compil-
ing asset accounts for timber
(sect. 5.8).

@ Applicable only for asset
accounts in monetary terms.
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using ISIC, energy products are consistently classified using SIEC and the determi-
nation of whether particular economic units are to be found within a given national
economy is based on the concept of residence. Classifications are further discussed in
section 2.5 below.

2.3.3. Asset accounts

2.45. The purpose of asset accounts is to record the opening and closing stock of
assets a