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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about I1SO’s adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see www.iso.org/
iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 301, Energy management and energy
savings.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Due to the increasing role of energy efficiency improvements and of controlling the energy consumption
growth in international climate and energy policies, there is a need for harmonization of methods to
evaluate the impact of these policies at the international level.

This document is concerned with the evaluation of energy consumption and energy intensity changes
through explanatory factors, as well as the calculation of an energy efficiency index, at national
and regional levels. The practical application can be different due to specific restrictions, such as
methodologies, availability of data at lower levels of disaggregation, or difficulty in understanding and
communicating.

The methods presented here can provide valuable insights into trends in energy use and factors linked
to those trends. Still, not all aspects of the phenomena that affect energy use are accounted for by the
methods in this document, as these methods are primarily descriptive. While the analysis presented
here can reveal patterns or shifts in patterns of energy use, they do not necessarily reveal causality, an
aspect that can also require additional analysis.

The user should be aware of some issues associated with the methods presented in this document.
Some of these arise from analytic issues. For example, whether to combine all fuels in a sector into a
single energy variable or to treat them separately is a question best addressed by clear reference to the
purpose of the analysis using the methods presented here. Other aspects are phenomena not explicitly
included in the methods presented here. An example is the role of the prices of energy or other goods,
which can require additional methods.

This document is composed of three different calculation methods:

— evaluation of structure effects in the variation of energy intensity;
— calculation of energy efficiency indices;

— decomposition analysis of energy consumption variation.

Energy intensity is often considered as an indicator of energy efficiency at aggregate level when limited
data are available. Their use as a proxy for energy efficiency can be improved by removing from their
variations changes in economic structures: this is the objective of the first part of this document.

With more detailed data on energy consumption available by subsectors or energy uses (e.g. space
heating) or by modes of transport (e.g. cars), it is possible to assess energy efficiency trends through a
more accurate indicator than energy intensity, called “energy efficiency indices”: this is the objective of
the second method of calculation presented in this document.

The variation of energy consumption can be related to change in economic activity, to energy savings
as well as to other explanatory factors: the purpose of the third method of calculation described in this
document is to present the method of decomposition of changes in energy consumption. It makes use
of indicator-based savings, i.e. energy savings calculated according to the indicator-based method, as
described in ISO 17742.

This document considers all end-use sectors, such as industry, transport, households, services (also
known as the “tertiary sector”) and agriculture. It does not generally incorporate the energy supply
sectors, such as power plants, refineries or coal mines. However, the integration of the power sector
can be considered in the decomposition of the primary energy consumption to account for the effect of
variations in energy efficiency and energy mix in the power sector.

Energy consumption considered in this document excludes feedstock energy, such as oil feedstock used
to produce plastics or natural gas used as a feedstock for the production of fertilisers, as they are not
affected by energy efficiency policies.

Documents

. Document Sharing Hub
V1 © ISO 2020 - All rights reserved

Full document details: ISO 50049-2020


http://www.avadocuments.com/doc/iso-50049-2020
http://www.avadocuments.com/doc/iso-50049-2020

ISO 50049:2020(E)

This document can be used by any interested parties (decision-makers, companies, researchers, NGOs,
etc.) that want to understand changes in the energy intensity or the energy consumption, as well as to
assess energy efficiency by sector over a specific period.

This document is part of a set of documents developed by TC 301 (see Figure 1) and builds on the
general principles outlined in ISO 17743, including reporting and system boundaries, and on the energy
savings calculations presented in ISO 17742.

International | Scale/ Intention Methodology for

Standard scope quantifying energy
savings

General
ISO 17743 NPy ol Principle for selecting Common
ISO 50046 - predicted suitable methodology methodology
savings
ISO 17742 Countries Indicator-based
ISO 50049 Regions Calculation of energy calculation
Cities savings and policy effect(s) Measure-based

calculation

ISO 50047 Organizati

ISO 50015 ons Determination of energy Total consumption-
savings from energy based calculation
1SO 17741 Projects performance improvement Measure-based

calculation

[SO 50015 actions

Figure 1 — Relationship between documents

The document covers more precisely three types of calculation methods based on energy efficiency
indicators. Compared to ISO 17742, it details more advanced methodologies that facilitate a more
comprehensive understanding of changes in: a) energy intensity, b) energy efficiency and, finally,
c) energy consumption. The evaluation of energy efficiency trends relies on the calculation of energy
efficiency indices. Variations in energy consumption are explained from a decomposition into different
explanatory factors, one of which being energy savings. Therefore, this document complements
ISO 17742 on energy savings calculation methods. More specifically, it complements how SO 17742
deals with indicator-based methods. For each calculation method, examples of specific calculations are
presented separately in Annexes A to C.

When applying this document, the user can choose between different options of the methods proposed.
In order to be transparent in the way results have been obtained, the user of this document should
specify the methodology used when presenting the results.

The general methodologies to evaluate trends in energy intensity, energy efficiency and energy
consumption and its link to energy savings are presented in Clause 4. The calculation of the influence
of structural changes in the energy intensity variation is described in Clause 5. The calculation method
for the energy efficiency index is described in Clause 6. Finally, the method of decomposition of the
energy consumption is given in Clause 7. Annexes A to C provide examples to illustrate various types of
calculations. Annex D presents the methodology of climatic corrections, as most of these calculations
should be done with energy efficiency indicators adjusted to a normal climate.
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INTERNATIONAL STANDARD ISO 50049:2020(E)

Calculation methods for energy efficiency and energy
consumption variations at country, region and city levels

1 Scope

This document gives guidelines for methods for analysing changes in energy efficiency and energy
consumption, and for measuring energy efficiency progress, for countries, regions and cities. It is
composed of three different calculation methods:

— evaluation of structure effects in the variation of energy intensity;
— calculation of energy efficiency indices;
— decomposition analysis of energy consumption variation.

This document is applicable to providing an aggregated statistical evaluation for a country, region or
city. It does not apply to calculating changes in the energy consumption or in energy efficiency at the
individual consumer’s level (e.g. households, organizations, companies).

2 Normative references

There are no normative references in this document.

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO and [EC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

31

activity factor

variation in the energy consumption levels of a sector or subsector due to the variation of the activity
of the sector for a given period

Note 1 to entry: The quantification of this factor depends on the driver used to measure the activity.

3.2

apparent energy efficiency improvement

increase in energy efficiency (3.5) without correction or adjustment (i.e. gross value resulting from a
calculation)

3.3
base year
reference year in the calculation

Note 1 to entry: It is usually the first year of calculation.

Note 2 to entry: The year can be calendar or fiscal. All data should have the same definition of year, whether
calendar or fiscal.
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3.4

behavioural factor

factor that shows the impact on the variation of energy consumption or on an energy indicator of
changes in the behaviour of consumers

EXAMPLE Change in the level of thermal comfort with a higher or lower use of heating or air cooling
equipment.

3.5

energy efficiency

ratio or other quantitative relationship between an output of performance, service, goods, commodities
or energy and an input of energy

[SOURCE: ISO/IEC 13273-1:2015, 3.4.1, modified — The symbol has been deleted and “commodities”
has been added.]

3.6
energy efficiency improvement
increase in energy efficiency (3.5) as a result of technological, behavioural and/or economic changes

[SOURCE: ISO/IEC 13273-1:2015, 3.4.3, modified — “technological, behavioural and/or economic
changes” has replaced “technological, design, behavioural or economic changes”.]

3.7
energy efficiency index
index measuring the increase in energy efficiency (3.5) compared to a base year (3.3)

EXAMPLE 100 for base year.

3.8
energy intensity
quotient describing the total energy consumption per unit of economic output

Note 1 to entry: The economic output should be measured at a constant price.

Note 2 to entry: The intensity can be interpreted as the amount of energy required to produce one unit of activity
expressed in monetary terms (GDP or value added).

Note 3 to entry: The intensity can also be used at sector level (e.g. industry, residential, services). In that case, it is
often referred to as “sectoral energy intensity”.

Note 4 to entry: The term “energy intensity” is sometimes used with the same meaning as specific energy
consumption (3.17), but this is not the case in this document.

[SOURCE: ISO/IEC 13273-1:2015, 3.1.14, modified — The example has been deleted and Notes 1, 2, 3 and
4 to entry have been added.]

3.9
energy savings
reduction of energy consumption compared to an energy baseline at same level of service

Note 1 to entry: Energy savings are positive when they reduce consumption. Due to some external factors that
cannot be accounted for, consumption can increase instead of decrease: this phenomenon is referred to as
“negative energy savings”.

3.10
energy use
application of energy

EXAMPLE Ventilation; lighting; heating; cooling; transportation; data storage; production process.

Note 1 to entry: Energy use is sometimes referred to as “energy end-use”.
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[SOURCE: ISO 50001:2018, 3.5.4]

3.11
energy using system
physical items with defined system boundaries, using energy

EXAMPLE Plant, process, building, machines, equipment, product.
[SOURCE: ISO 50047:2016, 3.1, modified — The example has been replaced.]

3.12
explanatory factor
factor explaining the variation in an indicator or in the energy consumption

Note 1 to entry: It is different from the concept of “relevant variable” as defined in other standards as a
“quantifiable factor that impacts energy performance and routinely changes” (e.g. ISO 50006:2014, 3.14).
“Relevant variable” is more related to the performance of an energy using system (3.11), whereas “explanatory
factor” relates to a sector and to both its consumption and performance. “Relevant variable” is more a micro
concept, whereas “explanatory factor” is a macro concept.

3.13
final energy
energy as delivered to an energy using system (3.11)

Note 1 to entry: This concept is sometimes referred to as “delivered energy”.
[SOURCE: ISO/IEC 13273-1:2015, 3.1.11, modified — Note 2 to entry has been deleted.]

3.14

fuel substitution factor

factor that shows the impact of fuel substitutions between types of energy with very different end-use
efficiency on the variation of an energy indicator

3.15
indicator-based savings
energy savings (3.9) calculated by indicator-based methods (3.16)

[SOURCE: ISO 17742:2015, 2.28]

3.16
indicator-based method
determination of energy savings (3.9) from the variation of energy consumption indicators over a period

[SOURCE: ISO 17742:2015, 2.27, modified — The example has been deleted.]

3.17
specific energy consumption
quotient describing the total energy consumption per unit of output or service

EXAMPLE Gigajoule (GJ) per ton of steel, annual kilowatt-hour (kWh) per square meter (m?2), litres of fuel
per 100 kilometre (km).

[SOURCE: ISO/IEC 13273-1:2015, 3.1.15]

3.18

structure effect

structural effect

measure of the variation in energy consumption or in energy intensity (3.8) due to a variation in
economic structures

Note 1 to entry: Structure effects may refer more generally to any changes in the share of different activities (e.g.
industrial branches in total value added of industry, transport modes in total traffic).
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Note 2 to entry: “Hidden structure effect” refers to structure effects that exist but cannot be quantified due to a
lack of data.

4 Factors to be calculated
4.1 General

4.1.1 Overview of methods included in the document

This clause is an introduction to Clauses 5, 6 and 7 on methods to assess energy intensity and energy
efficiency trends and to analyse the energy consumption variation. It describes common issues, such
as the different explanatory factors that need to be considered in these assessments (case of energy
intensity and energy consumption) or excluded to measure energy efficiency improvements and the
various ways to calculate them. This clause clarifies what kind of explanatory factors are covered in
this document.

Explanatory factors of changes in energy intensity or in energy consumption and energy efficiency
trends are calculated for a given period of time, normally one or more calendar years. The methods
make use of statistical data and are normally applied to calculate explanatory factors, such as energy
savings or energy efficiency improvements made during the past years. However, if a comparable set of
data is available such as projections, e.g. from an energy scenario outlook, the methods can be applied
for future years.

This document refers to the so-called “top-down” method of calculating energy savings as reported in
ISO 17742 and ISO 17743, based on statistical energy efficiency indicators. The first and third methods
analyse observed trends in energy intensity indicators (see Clause 5) and in energy consumption (see
Clause 7) through the identification of some of the explanatory factors behind these trends. The second
method (see Clause 6) proposes an energy efficiency index that is as far as possible corrected for factors
that are not linked to energy efficiency.

4.1.2 Objectives of calculations

The main objective of this document is to help monitor energy efficiency targets, on energy intensity, on
energy consumption or on energy efficiency improvements. More generally, this document can help to
understand variations observed in energy intensity and energy consumption. It is critical for the analysis
presented in this document to be useful that these objects of the analysis be carefully specified to align
with the policy questions the analysis will inform. Mis-specifying the analytic objects can undermine
the usefulness of the analytic framework presented in this document. For examples, see 4.2.4.

The target on energy intensity reduction used to be the most popular target linked to energy efficiency
policyl?], as it is simple to define and to monitor. Separating structure effects can help in understanding
the distance to the target and why targets are not reached. However, the scope of energy efficiency
targetis now broader and includes targets on energy savings, energy consumption and energy efficiency
progress.

If targets on total primary or final energy consumption have been formulated, understanding the
factors behind the observed variation in the energy consumption is useful each time there is a deviation
as compared to the target.

EXAMPLE Annex XIV of Article 24 of the EU Energy Efficiency Directive requires that “in sectors where
energy consumption remains stable or is growing, Member States shall analyse the reasons for it and attach their
appraisal”.

The methodology proposed in this document can be used to fulfil such a reporting requirement. More
generally, it allows evaluating the contribution of energy savings in the variation of energy consumption.

Policymakers often formulate targets for energy efficiency improvements but lack instruments to
measure them. Energy efficiency indices help in formulating and monitoring such targets. In general,
they provide a quantitative assessment of the magnitude of energy efficiency improvementDocu ments
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4.1.3 Types of explanatory factors to be calculated

4.1.3.1 General

The three methods have in common to either quantify the effect of structure effects or to remove them
as far as possible to assess energy efficiency trends.

4.1.3.2 Energy intensity

Energy intensity trends are influenced by changes in the structure of economic activities (e.g. increase
in the share of the service sector in the GDP or of energy intensive branches in industry), as well as by
other factors. These other factors include many influences, such as energy efficiency improvements,
but also other effects (e.g. modal shift in transport, change in the mix of product/process in industry,
changes in ownership of household equipment, climatic changes).

The relationship between energy intensity trends and structure effects is shown in Figure 2. Key 2
represents energy intensity in the base year. If everything is kept constant, the energy intensity will
be constant up to the calculation year (Key 3). In reality, the energy intensity has decreased up to the
calculation year (Key 8) because of two effects: changes in the structure of economic activities, called
the “structure effect” (Key 5), and changes in the energy intensity of subsectors, mainly linked to
energy efficiency improvements, called the “energy intensity effect” (Key 6).

2 3 X

~

~
)
<

year

energy intensity

unit of the energy intensity (e.g. MJ/$ at constant price)
base year

calculation year

energy intensity at base year

structure effect of the observed energy intensity
energy intensity effect

observed change in energy intensity

O N O Ul A WN R X

observed value of energy intensity at calculation year

Figure 2 — Trends in energy intensity and structure effect
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4.1.3.3 Energy consumption variation

Variations in energy consumption result from the effects of three main factors: activity, structure effect
and energy savings, and possibly of some less important factors.

The activity factor corresponds to the impact of variations in socio-economic activities (e.g. number
of households, production of industrial branches, equipment ownership, the traffic of goods and
passengers) on the energy consumption variation.

The structure effect factor measures the impact of changes in the composition of economic activities at
the macro level (i.e. in GDP structure), but also among various energy consuming activities (e.g. share
of energy intensive industries, share of branches in the service sector, share of road transport in total
freight transport, share of public transport in total passenger transport) on the energy consumption
variation.

The energy savings factor measures the impact of decreases in specific consumption at end-use level on
energy consumption.

The relationship between energy consumption trends and these three factors is shown in Figure 3.
Key 4 represents energy consumption in the base year. If everything is kept constant, the energy
consumption will be constant up to the year of calculation (Key 3). However, changes in activities will
lead to a variation of energy consumption (uppermost line, Key 5). The increase in consumption for the
calculation year from Key 4 to Key 5 is the activity factor (Key 6).

The structure effect is shown by Key 7. However, this structure effect can also raise energy consumption,
e.g. through more intensive use of energy using devices (not shown here). Energy savings by definition
lower energy consumption (Key 8). Together the three factors define the actual trend for energy
consumption (Key 9). Figure 3 shows an increase in energy consumption compared to the base year
(Key 10). The actual energy consumption can, however, also decrease, e.g. in the case of a small increase
for activities, a mitigating structure effect and large energy savings (right side of Figure 3).

1 A - -
7
— — — / .
6 // -= ~ 5 _ _ - -
(/ - - 8
£ 9
4 ,10
2 3
Key
1 energy consumption (unit) 6  activity factor
2 baseyear 7  structure effect
3 calculation year 8 total savings
4  energy consumption base year 9 actual energy consumption
5 energy trend due to socio-economic activities 10 observed change in energy consumption

Figure 3 — Trends for energy consumption and explanatory factors

4.1.3.4 Energy efficiency indices

Energy efficiency indices are indicators that measure energy efficiency trends. To be relevant, these
indicators should be adjusted as much as possible for factors that are not linked to energy efficiency

improvements, such as structure effects, but also other factors (e.g. change in equipment gwnership,
f)ocurﬁents
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usage or type for households). This is done by calculating these indices at the most disaggregated level
as possible to eliminate the most important structure effects.

4.2 Indicators, methods and applications

4.2.1 Indicators

The methods presented in this document rely on energy efficiency indicators that relate energy
consumption to a driver, which is a quantity that is assumed to influence the energy consumption under
consideration. The change in the indicator value is used to calculate the total energy savings or changes
in energy efficiency (see Clause 5 and the examples in Annex B).

At an aggregated level, the indicator usually considered to assess energy efficiency is the energy
intensity that relates the energy consumption (in GJ, toe, etc) to the GDP (in Euro, $, Yen, etc). The
change in the total energy intensity (e.g. in GJ/monetary unit) does not provide a reliable estimate of
energy efficiency improvements or energy savings, as it is influenced by developments at sector or
subsector level that can deviate from the GDP trend. Therefore, indicators have to be applied at the level
of subsectors or even energy uses, such as space heating in dwellings.

The indicators at the lower aggregation level relate energy consumption to an explanatory factor that
is responsible for changes in this consumption. In indicator-based methods, energy savings or energy
efficiency trends are calculated from changes in indicator values that are defined against the value in
the base year (see ISO 17742).

EXAMPLE If in a country the average annual consumption of refrigerators owned by households has
decreased from 500 kWh to 400 kWh between 2000 and 2015, i.e. by 20 % (400/500 - 1 x 100), it is considered
that energy efficiency improved by 20 % for refrigerators in that country between 2000 and 2015. If the number
of refrigerators is equal to 1,5 million in 2015, the amount of energy saved is equal to 1,5 x 106 x 100 kWh or
150 GWh.

This approach, with disaggregation of national energy consumption to a level where meaningful energy
efficiency indicators can be defined, is called “top-down”. Known applications are the indicators from
the EU database OdysseelZ], the IEA indicators[8][18] or other projects and databases (e.g. WEC[2], BIEE
for Latin American and Caribbean countriesl12], Medener for Mediterranean countries[1l or APERC for
APEC economies[18]),

As explained in ISO 17742, changes in indicator value can be due to policy measures, technological
trends, high energy prices or other factors. Therefore, the calculated savings or energy efficiency
improvements concern total savings or total energy efficiency improvements.

Energy efficiency indicators are generally based on statistical data measured at a disaggregated level,
e.g. energy consumption and production in subsectors of industry, or total fuel use of cars and the
distance driven by the cars.

4.2.2 Types of data used

The following types of data are used:

a) statistical data;

b) detailed data from surveys or modelling.

Statistical data include final energy consumption by sector as well as macro-economic or sectoral data,
such as GDP, the number of households, employment in services, production by industrial sector (value
added or physical production). Depending on the geographic entities (country, region or city) not all
aggregated statistical data are available: they are generally available at country level but at regional
and, above all, at city levels, macro-economic or sectoral data are not usually readily available.
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Statistical data also include other less aggregated socio-economic data, such as number of dwellings
per type or floor space in offices, and the results of large surveys, such as on kilometres driven by car,
size of dwellings or ownership of appliances.

Detailed data from surveys or modelling are often needed for the calculation of additional energy
efficiency indicators for specific end-use, for which regular statistical data are not available (e.g. space
heating per m?, litre /100 km for vehicles).

The activity data are first used to calculate the effect of changes in socio-economic activity, as one
explanatory factor of the consumption variation, then to calculate the structure effects and, finally,
to determine energy efficiency indicators, such as energy intensity (energy consumption per unit of
GDP in GJ/Euro) or specific energy consumption (energy consumption per ton of steel, per household,
per car, etc.). These indicators are used to decompose the energy consumption into various factors, in
particular total savings, and to calculate the energy efficiency indices (see Clause 6).

4.2.3 Structure effects

The energy intensity is generally calculated at a high level of aggregation, generally a sector. Its variation
is influenced by the effect of changes in the composition of the economic activity of the sector between
the main subsectors, and by other factors, namely energy efficiency as well as all intra-structure effects
(e.g. structure effects within each subsector). For example, in chemical industry, a shift between heavy
and speciality chemicals is a typical intra-structure effect.

The calculation of energy efficiency indices or the decomposition of energy consumption variation is
done at a disaggregated level, which will eliminate some of the structure effects. For example, household
indicators can be calculated by end-use (e.g. space heating, hot water use, appliances), each of them
with their own driver (e.g. number of dwellings, number of appliances) and are therefore less distorted
by structure effects.

However, even at a high disaggregation level, the energy consumption trend can still incorporate the
effect of other structure effects that influence the calculation of savings. For example, average energy
consumption per dwelling can be influenced by changes in the type of dwellings or the occupancy
rate, and by replacement of room heating by central heating. For energy-intensive industries, energy
consumption per ton of output can be influenced by the capacity utilization rate. In transport, the
consumption per car can be influenced by change in the size of cars, etc.

Therefore, indicators at a lower level of disaggregation can also be corrected for factors that hide
energy savings or energy efficiency progress to improve the assessment. For example, energy use for
space heating may be corrected for the shift from room heating to central heating, which will lead to
extra energy consumption and, possibly, negative energy savings or lower apparent energy efficiency
improvement.

Due to restricted data availability it is not always possible to quantify all structure effects. The
structure effects that cannot be quantified are often called “hidden structure effects” (see ISO 17742).

4.2.4 Indicator choice for energy efficiency and energy savings calculation

The choice of indicators defines what is included in energy savings or energy efficiency. What is
not included in energy savings or energy efficiency is then included in the other factors (activity or
structure effects).

For example, for automotive energy efficiency, a choice can be made between three alternative
indicators (see B.4.2 for more details):

— fuel consumption per person-km by car;
— fuel consumption per km driven by car;

— annual fuel consumption per car.
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The average number of persons per car influences the value of the first indicator. The effect of policy
measures aiming at increasing the load factor, such as car-pooling or modal split, is included in the
energy savings or energy efficiency improvements, calculated with this first indicator. With the second
indicator it is not included. With the third indicator, the savings or efficiency gains due to the reduction
in car use (i.e. less km/year) become part of the energy savings or energy efficiency improvements
instead of being reported in the activity factor.

To emphasize the importance of choosing appropriate indices, if instead the focus of analysis is on limiting
car use (e.g. through a modal shift, encouraging the use of bicycles or public transport), a more appropriate
indicator could be fuel use per person-km over all modes of transport (see C.3.2 on modal shift).

In the calculation of explanatory factors or energy efficiency indices, some alternative indicators are
proposed to be used (see Annexes B and C). However, the user can adapt the method of calculation by
deciding which type of indicator best fits his/her definition of energy savings and energy efficiency.
Depending on these choices, corrections have to be made for factors that are considered structure
effects in that specific case. If the focus is on the evaluation of the impact of policies, then the choice of
indicators can be of importance.

In some cases, the choice of alternative indicators not only depends on the focus and the preferred
scope for energy savings but also on data availability. For example, for countries without separate data
on space heating, an alternative indicator could be used, e.g. consumption of all non-electric energy
per dwelling. The use of alternative indicators is justified by the fact that it enables each country to
use at least one indicator to assess the energy savings for a given end-use. There is a trade-off with the
accurateness of the calculated savings. Annexes B and C discuss the various options possible for the
selection of indicators.

4.2.5 Climatic corrections of energy consumption

For the interpretation of variation in the energy intensity, the calculation of an energy efficiency index
or the decomposition of the energy consumption, the indicators used should be adjusted for variations
of weather conditions that influence energy consumption. In other words, they should be calculated
with climatic corrections (also called “climatic adjustment”). The correction should be done on the
space heating and space cooling part of the consumption that is affected by these climatic variations.
Climatic corrections are necessary for sectors that consume significant amount of energy for heating or
cooling (e.g. mainly residential and service sectors) and for countries with strong weather variations
from one year to the other. Once corrected, the energy consumption is measured at reference conditions
(also called “at normal climate”). There are several approaches for climate corrections (see Annex D for
the commonly used method).

For the decomposition of the variation in energy consumption, the calculation is usually made on
the actual consumption. However, all the factors, in particular energy savings, should be calculated
at reference conditions (i.e. at normal climate) and the influence of weather can be included as one
explanatory factor.

5 Evaluation of structure effects in the variation of energy intensity

5.1 General

The value added of industry is one way to measure its activity: this value added is the sum of the value
added of different industry subsectors (also called industrial branches). Each of the industry subsectors
can be characterized by its energy intensity, i.e. the ratio energy consumption per unit of value added.
Depending on the subsector, the energy intensity can vary significantly. For example, at EU level the
subsector “primary metals” has an energy intensity 30 times higher than the subsector “equipment”
(i.e. machinery, fabricated metals and transport equipment).

If the value added of machinery is growing faster than the average of industry while the value added of
primary metals is growing slower, this will lead to an increase of the share of machinery and a decrease
of the share of primary metals in the total value added of industry; this is what is cgmmonly called a
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“structure effect”. Because of the large differences in the energy intensity of these two branches, this
structure effect will result in a reduction of the energy intensity of industry, all things being equal.

The method presented in this clause explains how to measure the impact of structural changes in the
variation of the energy intensity of a given sector.

5.2 Calculation methods

5.2.1 Introduction to the calculation of structure effect

The energy intensity value of a sector (e.g. industry, services, all final consumers) relates the energy
consumption of the sector to a monetary indicator of activity (e.g. value added for industry or services,
GDP for final consumption), as shown in Formula (1):

& @)
e =— 1
t Y

where

e isthe energy intensity value of the sector;

E isthe energy consumption of the sector;

Y isthe monetary indicator of activity of the sector, measured at a constant price (e.g. value added);
t isthe year of calculation.

The energy consumption can be expressed in various energy units, such as Joule, kWh, tonnes of oil
equivalent (toe), or Btu. In line with ISO standardization, these figures should as far as possible be
converted into Joule, the SI unit for energy consumption, or its multiple (M], GJ or PJ). Unit multiples
should be chosen to reflect the accuracy of the calculation (e.g. 59,5 G]/t rather than 59,500,000 kJ/t).

The monetary indicator should be measured at constant prices as defined in the macroeconomic
statistics to represent changes in volume (i.e. by removing the effect of inflation), e.g. € 2 005, $ 2 005 or
in national currency at constant prices.

The energy intensity, as defined in Formula (1), can also be written as shown in Formula (2) to show
two components:

— the contribution of subsectors in the activity of the sector (structure component);

— the energy intensity of subsectors (energy intensity component).

Yie Eie
e = —x— 2
LY (2)
I t It
where
e is the energy intensity value of the sector (e.g. industry);
i is the subsector;
Y; is the monetary indicator of activity of subsector i (e.g. value added);
Y is the monetary indicator of activity of the sector (e.g. value added of industry);
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is the energy consumption of subsector i (industrial branch, economic sector);

Y,/Y is the ratio of the activity of subsector 7 in the activity of the sector = R, (structure component);

E;/Y; isthe energy intensity value of subsector i = ¢; (energy intensity component);

The most common method to measure the impact of structural changes in the variation of the energy
intensity of a given sector is the Divisia method, which is described below and in 5.2.2[11],

Annex A (see A.1) presents another approach that is simpler to understand and to implement but for
which the results are dependent on the choice of the base year. The Divisia method is recommended
in this document, as it avoids this shortfall by using a moving reference year. The calculation shown in
Annex A also indicates the definition of the activity indicators to be used for the different subsectors
in the case of a calculation for the final energy intensity (e.g. industry, transport, households, services,
agriculture) for the assessment of the structure effects for the final energy intensity:.

Specific issues related to the calculation of structure effects are described in 5.3.

5.2.2 Decomposition of the energy intensity variation with the Divisia method

The Divisia method is a well-known method of decomposition, which was initially used for calculating
price indices. Its scope has been adapted to the decomposition of energy intensity by decomposing its

annual growth rate variation, G,, (., into two components)12l:

— astructure effect (G, ) measuring the annual variation of the energy intensity of the sector due
to changes in R, (the ratio of the activity of each subsector i in the total activity of the sector), see

Formula (3);

— an intensity effect (G, ;,) measuring the annual variation of the energy intensity of the sector due

to changes in the energy intensity of each subsector i (¢;), see Formula (4):

R.
it

Gar,str - Z Wit In R ()
| i it-1
[ €it

Gar,int - z Wi,t In e (4)
L i it-1

ar,tot = ar,str ar,int
where

Garser 1S the annual growth rate structure effect;

Garine 1S the annual growth rate intensity effect;

Garror 1S the annual growth rate variation;

Wi, is the weighting of subsector i at year ¢, measured as the share of subsector i in the ener-

gy consumption of the whole sector at year ¢; there are different alternatives to calculate

w; that are explained in 5.3.1;

R;=Y,/Y is the ratio of the activity of subsector i activity in the activity of the sector;

E.

2 =—L s the energy intensity value of subsector i.
Y

i
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To decompose the variation over a period from the base year 0 to the final year T, the annual growth
rates in Formulae (3) and (4) have to be summed up over the period from 0 to T, as shown in Formulae (5)

and (6):

T
Gar,str 0,T - ZGar,str
0

T
Gar,int 0,T - ZGar,int
0

where

arstr 1S the annual growth rate structure effect;

arint 1S the annual growth rate intensity effect;

G
G
0 is the base year;

T is the final year.

(5)

(6)

Formulae (5) and (6) can be written in such a way that the decomposition is done on the index of
variation and not on the annual growth rate, as shown in Formulae (7) and (8):

. R
it
Vstr =exp 2 Zwi,t In R (7)
L 0 i it-1
. ‘.
i
Vint =€xp ZZWu In e (8)
Lo it-1
Viot =Vstr Vine /100
where
Veir is the index of variation of the energy intensity of the sector due to changes in the ratio of
the activity of subsector i in the activity of the sector (R));
Vint is the index of variation of the energy intensity of the sector due to changes in the energy
intensity of subsector i, (e);
Viot is the index of variation of the energy intensity of the sector between 0 and T;
0 is the base year;
T is the final year;

w; ., R; e; are defined in Formulae (3) and (4).
5.3 Calculation issues related to structure effects

5.3.1 General

Three main issues related to the calculation of the structure effects are discussed below:

— the different options of calculation of the Divisia method (see 5.3.2);

— the level of disaggregation (see 5.3.3);
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— the calculation over a period with a chained or unchained calculation (see 5.3.4).

5.3.2 Options of calculation of the Divisia decomposition

There are different versions of the Divisia method, depending on how to define the weighting of the
different subsectors and whether the decomposition is done in an additive or multiplicative form. The
two main methods of Divisia decomposition are:

— the arithmetic mean Divisia index (AMDI) method;

— the logarithmic mean Divisia index (LMDI) method, the most common of which is referred to as
“LMDI1".

The AMDI is the simplest approach to implement as the weighting of subsector i at year t is the average
weighting of year t and t-1 and is defined as indicated in Formula (9) (case of the multiplicative form):

(E, . /E,+E . /E, )
_ it t it-1 t-1
W, = : ©)

where

E;, isthe energy consumption of subsector i at year ¢;
E;. 4 isthe energy consumption of subsector i at year t-1;
E, is the total energy consumption at year ¢ (sum of subsectors i);

E is the energy consumption of the sector.

With LMDI1, the weighting w; used in Formulae (2) and (3) is defined as indicated in Formula (10):

L Ei,t Ei,t—l
Y 'Y
w,, = £t (10)
1,t E E
| 2t Ze
YooY
where
E;¢ is the energy consumption of subsector i at year ¢;

E;.1 isthe energy consumption of subsector i at year t-1;
E, is the total energy consumption at year t (sum of subsectors i);
Y, is the monetary indicator of activity of the sector at year ¢;

Y4 is the monetary indicator of activity of the sector at year t-1;

L(a,b) ___ab is the logarithmic mean proposed by Satol1Zl.

In (a)—ln (b)

LMDI1 gives a perfect decomposition while with AMDI there is still a minor residual. In addition, LMDI1
handles values equal to zero in the data set. For that reason, LMDI1 is the preferred decomposition method.

These two methods can be applied in an additive or multiplicative form. In an additive form, the
decomposition is done on the absolute value of the intensity, whereas in the multiplicative form the
decomposition is done on the index of variation. For the decomposition of the energy intensity, the
multiplicative approach is more common as the objective is to analyse a trend and ncﬁBeém;ﬁeelhrﬁs
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