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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 preecedures—tsed—to—developth ment-and-these—ntendedfor-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 acéordapce with the
editdrial 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 documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion 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'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about 1SO’s adhefence to the
World Trade Organization (WTO) principles in the Techinical Barriers to Trade (TBT) see wiww.iso.org/
iso/fpreword.html.

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

Any feedback or questions on this documrent should be directed to the user’s national standprds body. A
complete listing of these bodies can e 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

communica

The method
to those tre
methods in
here can rey
aspect that

e

s presented here can provide valuable insights into trends in energy use and factoersli
hds. Still, not all aspects of the phenomena that affect energy use are accountéd for b
this document, as these methods are primarily descriptive. While the analysis presg
eal patterns or shifts in patterns of energy use, they do not necessarily reveal causalif
Can also require additional analysis.

nked
y the
nted
y, an

The user should be aware of some issues associated with the methods presented in this document.

Some of the
single energ

se arise from analytic issues. For example, whether to combiné:all fuels in a sector i
y variable or to treat them separately is a question best addresséed by clear reference t

nto a
o 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 gpods,
which can require additional methods.

This document is composed of three different calculation methods:

— evaluatjon of structure effects in the variation of energy intensity;

— calculatfion of energy efficiency indices;

— decomplosition analysis of energy consumption variation.

Energy intensity is often considered as an indicator of energy efficiency at aggregate level when lirhited
data are avdilable. Their use as a proxy fer 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 Hetailed data on energy consumption available by subsectors or energy uses (e.g. §pace

heating) or
more accura
the second 1

The variatid
as well as to
document is
of indicator

te indicator thafi-energy intensity, called “energy efficiency indices™: this is the object
hethod of caleulation presented in this document.

n of energy consumption can be related to change in economic activity, to energy saj

topresent the method of decomposition of changes in energy consumption. It make
based savings, i.e. energy savings calculated according to the indicator-based methg

by modes of transpoerst’(e.g. cars), it is possible to assess energy efficiency trends throjigh a

ve of

ings

otherexplanatory factors: the purpose of the third method of calculation described in this

5 use
d, as

described i

ISU 17744,

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.
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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
1SO 17743 - all savings Principle for selecting Common
ISO 50046 - predicted suitable methodology methodology
savings

ISO 17742 Countries

ISO 50049 Regions Calculation of energy
Cities savings and policy effect(s)

[SO 50047 Organizati {

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

calculation

[SO 50015 ZeR s

Figure 1 — Rela\@onship between documents

Q)
The Hocument covers more preciself}\\ree types of calculation methods based on energy efficiency
indidators. Compared to ISO 17742, it details more advanced methodologies that facilifate a more
comprehensive understandin changes in: a) energy intensity, b) energy efficiency jand, finally,
c) enlergy consumption. Th uation of energy efficiency trends relies on the calculati¢n of energy
efficlency indices. Variatipns.in energy consumption are explained from a decomposition into different
explanatory factors, O@st which being energy savings. Therefore, this document cpmplements
ISO 17742 on ener vings calculation methods. More specifically, it complements hoy ISO 17742
dealg with indica ased methods. For each calculation method, examples of specific calqulations are
pres¢nted sepa$\ in Annexes A to C.

Wheh applyihg'this document, the user can choose between different options of the methods proposed.
In orde;\te e transparent in the way results have been obtained, the user of this document should
spec f%h 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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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

osed of three different calculation methods:
bvaluation of structure effects in the variation of energy intensity;

alculation of energy efficiency indices;

— decomposition analysis of energy consumption variation.

This
city.
indiy

document is applicable to providing an aggregated statistical evaluation for a count}
[t does not apply to calculating changes in the energy consumption or in energy effig
idual consumer’s level (e.g. households, organizations, compgnies).

2 Normative references

Ther]

Fort
[SO 4
— 1
— 1

3.1

actiy
varis
of th

Note

3.2

e are no normative references in this document

Terms and definitions

he purposes of this document, the following terms and definitions apply.
nd IEC maintain terminological'ddtabases for use in standardization at the following g

SO Online browsing platfori: available at https://www.iso.org/obp

EC Electropedia: available at http://www.electropedia.org/

ity factor
tion in the eflergy consumption levels of a sector or subsector due to the variation of
e sector forla-given period

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

cities. It is

'y, region or
iency at the

ddresses:

the activity

appa4d

Tent 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

refer

Note

ence year in the calculation

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

calen

© ISO
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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
equipment.

3.5

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

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

or energy a

[SOURCE: I
has been ad

3.6
energy effi
increase in ¢

[SOURCE: I
changes” ha

3.7
energy effi
index measy

EXAMPLE

3.8
energy intq
quotient deq

Note 1 to ent

Note 2 to ent
expressed in

Note 3 to ent
often referre

Note 4 to en
consumption

[SOURCE: I§
4toentryh

39

f‘] balal innllf nF energyxr
r oJ

O/IEC 13273-1:2015, 3.4.1, modified — The symbol has been deleted and “comimod
Hed.]

[iency improvement
nergy efficiency (3.5) as a result of technological, behavioural and/or-economic changg

s replaced “technological, design, behavioural or economic changes”.]

Ciency index

Iring the increase in energy efficiency (3.5) compared-te‘a base year (3.3)
100 for base year.

nsity

cribing the total energy consumption pé&b unit of economic output

ry: The economic output should be medsured at a constant price.

y: The intensity can be interpreted as the amount of energy required to produce one unit of ac
monetary terms (GDP or value:added).

'y: The intensity can also beused at sector level (e.g. industry, residential, services). In that cas
H to as “sectoral energy intensity”.

try: The term “ehergy intensity” is sometimes used with the same meaning as specific e
[3.17), but this.js not the case in this document.

0/1EC 13273-1:2015, 3.1.14, modified — The example has been deleted and Notes 1, 2, ]
hve beenradded.]

ties”

S

5O/1IEC 13273-1:2015, 3.4.3, modified — “technological, behavietiral and/or economic

Fivity

b, it is

nergy

B and

energy sav

ngags

it o lad

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
factdr 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).
“Releyvant 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
concgpt, whereas “explanatory factor” is a macro concept.

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

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

3.14
fuel substitution factor
factdr that shows the impact of fuel substitutions’between types of energy with very different end-use
efficlency on the variation of an energy indicator

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

[SOURCE: ISO 17742:2015, 2.28]

3.16
indi¢ator-based method
determination of enefgy'savings (3.9) from the variation of energy consumption indicators gver a period

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

3.17
specificenergy consumption
quotjent 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?), 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 Factor

s to be calculated

4.1 General

4.1.1 Ove

rview of methods included in the document

This clause s an introduction to Clauses 5, 6 and 7 on methods to assess energy intensity and energy

efficiency ti
as the diffej
intensity an
various way
this docume

Explanatory
trends are (
make use of
savings or e
data is avail
for future y4

This docum
ISO 17742 a
analyse obs
Clause 7) th
method (seq
that are not

4.1.2 Obj

The main ol
energy cons
understand
presented if
with the po
the usefulnd

The target d
policyl?], as
the distancd
targetis noy
progress.

ends and to analyse the energy consumption variation. It describes common issues,
ent explanatory factors that need to be considered in these assessments (case-of €T
d energy consumption) or excluded to measure energy efficiency improvements' an
s to calculate them. This clause clarifies what kind of explanatory factors,are cover
nt.

factors of changes in energy intensity or in energy consumption.and energy effic
alculated for a given period of time, normally one or more calendar’ years. The mef]
statistical data and are normally applied to calculate explanatory factors, such as er
hergy efficiency improvements made during the past years. However, if a comparable

able such as projections, e.g. from an energy scenario outlegk, the methods can be ap
Pars.

ent refers to the so-called “top-down” method of calculating energy savings as report
hd ISO 17743, based on statistical energy efficiencyindicators. The first and third mef]
erved trends in energy intensity indicators (see\Clause 5) and in energy consumptior
rough the identification of some of the explanatory factors behind these trends. The s¢
Clause 6) proposes an energy efficiency index that is as far as possible corrected for fa
linked to energy efficiency.

pctives of calculations

jective of this document is tothelp monitor energy efficiency targets, on energy intensif
umption or on energy efficiency improvements. More generally, this document can he
variations observed in energy intensity and energy consumption. It is critical for the ang
| this document to beuseful that these objects of the analysis be carefully specified to
icy questions the. analysis will inform. Mis-specifying the analytic objects can under|
ss of the analytieframework presented in this document. For examples, see 4.2.4.

n energy intensity reduction used to be the most popular target linked to energy effic
jt is simpleyto define and to monitor. Separating structure effects can help in understai]
b to thetarget and why targets are not reached. However, the scope of energy effic
y broader and includes targets on energy savings, energy consumption and energy effic

such
ergy
1l the
ed in

ency
hods
ergy
bet of
plied

ed in
hods
(see
cond
ctors

y, on
Ip to
lysis
align
mine

ency
1ding
ency
ency

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 improvements.
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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 servi tor in the GDP or of energy intensive branches in in r s well as by
other factors. These other factors include many influences, such as energy efficiency improvements,
but dlso other effects (e.g. modal shift in transport, change in the mix of product/precess|in industry,

chanjges in ownership of household equipment, climatic changes).

The

Felationship between energy intensity trends and structure effects is shewn in Figlire 2. Key 2

represents energy intensity in the base year. If everything is kept constant,\the energy intensity will
be cqnstant up to the calculation year (Key 3). In reality, the energy intensity has decreased up to the
calcylation year (Key 8) because of two effects: changes in the structute of economic actiyities, 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).

~
)
<

O N O Ul A WN R X

2 3 X

~

year
¢nergy intensity

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

dalcylation year

energy intensity at base year

structure effect of the observed energy intensity
energy intensity effect

observed change in energy intensity

observed value of energy intensity at calculation year

Figure 2 — Trends in energy intensity and structure effect

© IS0 2020 - All rights reserved 5


https://standardsiso.com/api/?name=fa2989b3a93e75bc69016d2bd3807818

ISO 50049

:2020(E)

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 in

ensive indncfr‘inc' share of branches in the service sector share of road fr::ncpnrf in

total

freight tran
variation.

The energy
energy cons

The relatior
Key 4 reprd
consumptio
lead to a va
calculation y

The structu
e.g. through
lower energ

sport, share of public transport in total passenger transport) on the energy consum

bavings factor measures the impact of decreases in specific consumption at efd-use ley
umption.

ship between energy consumption trends and these three factors-is shown in Figu
sents energy consumption in the base year. If everything is kept-Cconstant, the er
h will be constant up to the year of calculation (Key 3). However, changes in activitie{
iation of energy consumption (uppermost line, Key 5). The incfease in consumption fo
rear from Key 4 to Key 5 is the activity factor (Key 6).

re effectis shown by Key 7. However, this structure effect can also raise energy consumy
more intensive use of energy using devices (not shown here). Energy savings by defin
y consumption (Key 8). Together the three factérs define the actual trend for er

btion

el on

re 3.
ergy

will
r the

tion,
ition
ergy
year
ease

consumption (Key 9). Figure 3 shows an increase in energy-consumption compared to the base
(Key 10). The actual energy consumption can, however, also decrease, e.g. in the case of a small inc1
for activities, a mitigating structure effect and large energy savings (right side of Figure 3).
1 :
A /
: PV
— — — / .
6 A\ // -= ~ 5 _- -
( *{/ - - 8
& 9
4¢ 110
2 3
Key
1  energy cpnstmption (unit) 6  activity factor
2 baseyeat 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 ownership,
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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
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1 aggregated level, the indicator usually considered to assess energy efficieney,is
sity that relates the energy consumption (in GJ, toe, etc) to the GDP (in Eura,'$, Y
ge in the total energy intensity (e.g. in GJ/monetary unit) does not provide a@reliable
by efficiency improvements or energy savings, as it is influenced by deyelopments
ector level that can deviate from the GDP trend. Therefore, indicators have+to be applie

bsectors or even energy uses, such as space heating in dwellings.

ndicators at the lower aggregation level relate energy consumption to an explanator
sponsible for changes in this consumption. In indicator-based methods, energy savin
ency trends are calculated from changes in indicator values‘that are defined against
ase year (see ISO 17742).

PLE If in a country the average annual consumption of refrigerators owned by ho
ased from 500 kWh to 400 kWh between 2000 and 2025, i.e. by 20 % (400/500 - 1 x 100), it
nergy efficiency improved by 20 % for refrigeratorsdn‘that country between 2000 and 2015.
rigerators is equal to 1,5 million in 2015, the ameunt of energy saved is equal to 1,5 x 106 >
Wh.

ency indicators can be defined, is called “top-down”. Known applications are the ind
U database OdysseelZ], the IEA indicators[81[18] or other projects and databases (e.g. |
atin American and Caribbean countriesl10, Medener for Mediterranean countries11l g
[ economies[18]),

kplained in ISO 17742, (changes in indicator value can be due to policy measures, t

ovements concern total savings or total energy efficiency improvements.

py efficiency,indicators are generally based on statistical data measured at a disaggr
nergy consuinption and production in subsectors of industry, or total fuel use of ¢
nce drivénby the cars.
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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 1nten51ty (energy consumptlon per unit of

GDP in GJ/E
per car, etc.).
particular t
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ptal savings, and to calculate the energy efficiency indices (see Clause 6).
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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—eateutation—o ptanatoryfactorsorenergyetticiency-thdices;somea rative-tndicators are
proppsed to be used (see Annexes B and C). However, the user can adapt the method of\cglculation by
deciding which type of indicator best fits his/her definition of energy savings and.energly efficiency.
Depdnding on these choices, corrections have to be made for factors that are considergd structure
effedfts in that specific case. If the focus is on the evaluation of the impact of polities, then the choice of

indidators can be of importance.

In sdme 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, forcountries without s¢parate data
on space heating, an alternative indicator could be used, e.g. consumption of all non-eleftric energy
per dwelling. The use of alternative indicators is justified by the fact that it enables each country to

use dt least one indicator to assess the energy savings for a given end-use. There is a trade
accurateness of the calculated savings. Annexes B and C dis€uss the various options pos
seledtion of indicators.

4.2.5 Climatic corrections of energy consumption

For the interpretation of variation in the energyintensity, the calculation of an energy effi
or the decomposition of the energy consumption, the indicators used should be adjusted fa
of weather conditions that influence energy consumption. In other words, they should b
with| climatic corrections (also called. climatic adjustment”). The correction should be
space heating and space cooling part of the consumption that is affected by these climati
Climatic corrections are necessary for sectors that consume significant amount of energy fc
cooling (e.g. mainly residential and service sectors) and for countries with strong weathe
from|one year to the other. Once-corrected, the energy consumption is measured at referend
(alsofcalled “at normal climate”). There are several approaches for climate corrections (see
the commonly used method).

For the decomposition of the variation in energy consumption, the calculation is usua
the gctual consufption. However, all the factors, in particular energy savings, should b
at reference cenditions (i.e. at normal climate) and the influence of weather can be incl
expldnatory faetor.
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5

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 commonly 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 i ergy
consumptioh of the sector to a monetary indicator of activity (e.g. value added for industry or seryices,
GDP for finall consumption), as shown in Formula (1):
E,
%=y (1
t

where

e isthe energy intensity value of the sector;

E isthe energy consumption of the sector;

Y isth¢ monetary indicator of activity of the sector, measurgd-at a constant price (e.g. value added);

t isthe year of calculation.
The energy|consumption can be expressed in various ghergy units, such as Joule, kWh, tonnes pf oil
equivalent (toe), or Btu. In line with ISO standardization, these figures should as far as possibje be
converted into Joule, the SI unit for energy consumiption, or its multiple (M], GJ or PJ). Unit multiples
should be cHosen to reflect the accuracy of the calculation (e.g. 59,5 GJ/t rather than 59,500,000 kJ{t).
The monetgry indicator should be measured at constant prices as defined in the macroeconomic
statistics to[represent changes in volumey(i.e. by removing the effect of inflation), e.g. € 2 005, $ 2 0p5 or
in national qurrency at constant pricess
The energy [intensity, as defined in Formula (1), can also be written as shown in Formula (2) to show
two comporlents:
— the confribution of subseetors in the activity of the sector (structure component);
— the enefgy intensity-of subsectors (energy intensity component).

(e G
e =\ 1Lty It (2)
t 2 Y'Y,
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);

10
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E.

; 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 ch01ce of the base year The D1v1s1a method is recommended

in thys
Anng
in the case of a calculation for the final energy intensity (e.g. industry, transport, househo
agridulture) 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

Cro a D S OV = tTa

x A also 1nd1cates the def1n1t10n of the act1v1ty indicators to be used for the d1fferen

a structure effect (G, ;) measuring the annual variation of the energy intensity of th
o changes in R, (the ratio of the activity of each subsector i in the total activity of the
1

Formula (3);

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

Divisia method is a well-known method of decomposition, which\was initially used for
pricq indices. Its scope has been adapted to the decomposition af.energy intensity by decd
annyal growth rate variation, G, .., into two components)12l.

ton shown in

subsectors
ds, services,

calculating
mposing its

e sector due
sector), see

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

| R,
('ar,str - 2 Wi,t In R (3)
| i it-1
e
G . = > w, In|— (4)
ar,int it e
L i ist—1
'ar,tot - ar,str +Gar,int
where
i ar stre 1S the annual growth rate structure effect;
¢ Istheannual 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 0,7 = ZGar,str (5)
0
T
Gar,int 0,T - ZGar,int (6)
0
where
Gy sty 1S|the annual growth rate structure effect;
Gy ine 1S|[the annual growth rate intensity effect;
0 is|the base year;
T is|the final year.
Formulae (3) and (6) can be written in such a way that the decompdsition is done on the index of
variation and not on the annual growth rate, as shown in Formulae (A)ahd (8):
[T R
it
str P 2 Zwi,t In R (7)
L 0O i it—1
T e
it
int — <XP 2 2 w;, In o (8)
Lo i it-1
tot =‘/S:I'X‘/int /100
where
Veir is the index of variationof the energy intensity of the sector due to changes in the ratio of
the activity of subseetor i in the activity of the sector (R));
Vint is the index af variation of the energy intensity of the sector due to changes in the energy
intensity of subsector i, (e);
Viot is the iidex 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);

— theleve

12

| 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

Y N AT
LIVIDIL .

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 multiplicdtive form):

(B /B 4B /B ) [9)
“}i,t - 2

where

k. isthe energy consumption of subsector i at year ¢;
k; ., isthe energy consumption of subsector i at year ¢=1;
I 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 Formyla (10):

Ll Cit Ei,t—l
Y 'Y
W, = : 1 (10)
1,t
E E
L=t el
YooY
where
ki, is the energy consumption of subsector i at year ¢;

k., istthe energy consumption of subsector i at year t-1;

E is the total energy consumption at year t (sum of subsectors i);

Y
q
k
q
o
q
¢
q
q
q
q
b
q
q

Y

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 not the change in the
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absolute value of the intensity. Annex A gives an example of a calculation with AMDI and LMDI1 with
the multiplicative form.

5.3.3 Disaggregation level

Apart from the method of decomposition used, the results of the calculation also depend on the
disaggregation level, especially for energy intensive subsectors. The issue is not necessarily to work
at a very high level of disaggregation but to make sure that the most important branches in terms of
energy consumption are well disaggregated (e.g. in the case of chemicals in industry).

Therefore, when presenting the results, it is important to specify, for industry, at which level of

disaggregat
intensity, if

fon the structure effect has been calculated (i.e. 10 or 20 branches] and, for the finaleq
'he structure effects include or do not include structural changes within industry.

5.3.4 Chajined or unchained calculation
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the yearly decomposition over a period.

possible to do the same calculation directly over the period by only taking into accour
tween the base year 0 and the final year T. This way of calc@lating is called the “unchz
The unchained calculation is less precise and has a highenresidue, however, the differsg
chained and unchained calculation are usually not sasignificant and depend on the
e Divisia method (no difference with LMDI).

sadvantage of the unchained calculation is that.it does not provide for the interme
On the other hand, if the necessary data are only available for two years, only a calcul
d can be done. Therefore, the choice betweeirthe two calculations depends on the obje]

of the decomposition and on the data availability.
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For each sector, the index is calculated as a weighted average of sub-sectoral indices of energy
efficiency progress. Subsectors are industrial or service sector branches, energy uses for households,
or transport modes.

— The sub-sectoral indices are calculated from variations of specific energy consumption indicators,
measured in physical units and selected so as to provide the best proxy of energy efficiency
progress, from a policy evaluation viewpoint. The fact that indices are used enables different units
to be combined for a given sector, e.g. for households: kWh/appliance, MJ/m2, G]/dwelling, or in
transport: MJ/pkm, litres/100 km.

The weighting used to get the composite index is the share of each subsector in the total energy
consumption of the sector considered in the calculation.

An energy efficiency index equal to 90 means a 10 % energy efficiency gain from the base year.

14 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=fa2989b3a93e75bc69016d2bd3807818

ISO 50049:2020(E)

Energy efficiency indices represent a better proxy for assessing energy efficiency trends at an aggregate
level (e.g. overall economy, industry, transport, households, services and agriculture) than energy
intensity, as they rely on physical indicators and exclude the main structure effects.

Energy efficiency indices for a sector or subsector can be useful. However, users should be aware
that improvement in an index may not indicate an overall improvement. Users can check if the factors
leading to the improvement in one sector’s index do not have offsetting or other effects in other sectors.

6.2 General calculation

6.2. General

This|clause describes the steps to calculate the energy efficiency index. Data collection.and|{parameters
are considered in Annex B.

The ¢alculation steps are as follows:

— $tep 1: selection of subsectors or energy uses to be included in the index{see 6.2.2);
— $tep 2: choice of indicators (see 6.2.3);

— $tep 3: calculation of indicator values (see 6.2.4);

— $tep 4: calculation of indicator trends (see 6.2.5);

— $tep 5: calculation of weighting factors (see 6.2.6);

— $tep 6: calculation of energy efficiency indices by sector (see 6.2.7);

— $tep 7: calculation of overall energy efficiendpindex (see 6.2.8).

Othefr issues related to the calculation of the'ehergy efficiency indices are described in 6.3.

6.2.2 Step 1: Selection of subsectors or energy uses

For each sector (i.e. industry, transport, households, services, agriculture), a list of subsectgrs should be
identified for which energy efficiency is to be calculated. Subsectors can be energy uses, sfich as space
heating (in the case of households), modes of transport (in the case of transport), industrjal branches
(in the case of industry and’services, and possibly agriculture). Annex B proposes a typical breakdown
that tan be considered‘in-the different sectors.

6.2.3 Step 2: Choice of indicators

For ¢ach subsector or energy using system, energy efficiency improvement is measur¢d from the
reduftion'\in' specific consumption. Two types of indicators of specific consumption dan be used
(referred'to as type A or B in ISO 17742) that are defined per year:

— specific energy consumption at subsector level relates energy consumption to physical quantities
over a year, such as production, production index (or value added at constant price if production
index is not available), traffic (e.g. GJ/tonne of steel for the iron and steel sector, or MJ/ton-km for
the transport of goods): indicator type A;

— specific energy consumption for energy using systems relates the annual energy consumption
for specific systems to the average number or size of systems over a year (e.g. GJ/dwelling, kWh/
refrigerator or litre per car or GJ/m? of building floor space): indicator type B.

To calculate the indicators, the energy consumption per subsector or targeted end-use is related to a
driver that depends on the type of indicator.

All the necessary definitions of each type of indicator are given in Annex B for the different sectors
(industry, transport, households, services and agriculture).
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6.2.4 Step 3: Calculation of indicator values

Indicators of specific energy consumption are calculated at the level of detailed subsector according to
Formula (11), where the energy consumption is divided by the driver indicator of activity of the sector
for the year t:

it

(11)

ui,t -
it

where

is the indicator value for subsector i;

isth
indiq

e energy consumption of subsector i; it should be weather adjusted (normalized)) for
ators related to space heating and space cooling;

is the indicator of activity of subsector i;

is the year of calculation.

6.2.5 Step 4: Calculation of indicator trends as index

The indicatd
best proxy d
units (e.g. kY
in Formula

rs of specific energy consumption are expressed in different units so as to always seleg¢t the
f energy efficiency. As the energy efficiency progress can be measured in different physical
Vh/appliance, toe/m?), they need to be converted into-an index to be aggregated, as shown
12). The base year is usually the first year for whiéh the index is calculated (e.g. 2000)

U

L %100
,0

= (12)

S,i,t u
where

sit  fstheindex ofindicator of subsectoriatyear¢;

U;» U; o Is the indicator value of siibsector i at year t or 0;

t is the year of calculation;

0 is the base year.

6.2.6 Step 5: Calculation of weighting factors

The index fq
specific con|

r a sector (e.g. industry, transport, households) is calculated as a weighted average d
sumption index of each subsector or end-use, as calculated in the previous step w

weighting b

hsed on the relative consumption of each subsector shown in Formula (13):

where

16
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(13)
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i is the subsector;
w;, is the weighting of subsector i at year ¢;

E.

. is the energy consumption of subsector i (weather adjusted for heating or space cooling);

E  isthe energy consumption of the sector (weather adjusted for households and services);
t  istheyear of calculation.
EXAMPLE ConSIdermg two subsectors w1th a share of the consumptlon of 60 % and 40 %, respectively, in

the b; 00 to 97,5 for the
secorld, the welghted average 1ndex is 0,6 x (85/100) +0,4 x (97 5/100) 90.

6.2.7] Step 6: Calculation of energy efficiency indices by sector

The ¢nergy efficiency index of a sector I (i.e. industry, transport, householdsjservices or pgriculture)
is calculated by weighting the indices of variation of each indicator by subsecter/The mode of calculation
of thjs weighted index has been carefully defined so as to enable a calculation of energy savings from
the I} variation in a way that is totally equivalent to the calculation, baSed on the variation of specific
conspimption in top-down methods as described in ISO 17742.

The galculation is made by year instead of having a fixed base“year, i.e. as a chained calcjulation. The
formpula used to define the variation of the weighted I between't-1 and t is given in Formyla (14):

_‘EEt 1
_Z it”

where

(14)
51 t—1

;s the energy efficiency index of the'sector;
;1S the index of indicator of sybsector i;

i is the subsector;

W; . is the weighting of subsector i at year ¢ (i.e. share of the subsector i in energy
consumption of the sector);

i is the year ofalculation;
-1 is the yedr before the year of calculation.

The yalue of-the energy efficiency index at year ¢ is then derived from the value at the prevjous year by
reversing the calculation, as shown in Formula (15):

T

1
EEt _ (15)
IEE,t—l IEE,t—l/ IEE,t

The index can then be set at 100 for a reference year and successive values are then derived for each
year t by the value of the energy efficiency index at year t-1 multiplied by Igg , / Igg (1

IEE,lOOO =100
I
EE,t
IEE,IOOC _IEE,100t_1 7
EE,t-1
where
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Igg 100 1s the energy efficiency index expressed in base 100;

0 is the base year;

t is the year of calculation.

6.2.8 Step 7: Calculation of an overall energy efficiency index

The energy efficiency index for all final energy sectors is calculated as a weighted average of the energy
efficiency indices of the five end-use sectors: industry, transport, households, services and agriculture,
using Formula (15). The weighting is the proportion of the energy consumption of each of these sectors
in the final ¢nergy consumption for energy uses.

6.3 Computational issues in the calculation of the energy efficiency indices

6.3.1 General

Two main c¢mputational issues are linked to the calculation of the energy efficién¢y indices:

for calculations;

options

accountiing for negative energy efficiency trends.

6.3.2 Optjons for calculation

6.3.2.1 Base year versus previous year

Live reference years can be used to measure'the energy efficiency progress at year t: a fixed

a moving reference year (year t-1).

Two alterna
base year of

The calculatiion used in Formula (15) is based on-aimoving base year, which means that energy effic
gains are measured in relation to the previous year. Therefore, Iz cumulates the incremental e
efficiency imhprovements from one year to theother.

ency
ergy

In the fixed
base year. |
base year (i
the gains of

that the restylts are influenee@by the situation in the reference year.

6.3.2.2 Sy

Annual indi
factors, e.g.

base year approach, all variations in unit consumption are measured in relation to a
h other words, energy efficiency progress is measured compared to the situation of
e. the energy performanice of that year). The variation of the index is obtained by weig
each sector betweenthe base year 0 and t. The drawback of the fixed base year approd

hoothed indicator values

Catoriyalues sometimes show large fluctuations. Such fluctuations can be linked to va
imperfect climatic corrections (especially with warm winters), behavioural factors

influence of

fixed
that
hting
chis

rious
, the

bhusiness r'yr‘lpq and the impprﬂa{‘finn of statistics (pqppr‘inlly for the last year of calcul

Ation

as data are often provisional and can be later revised).

Such fluctuations reflected in the energy efficiency indices are difficult to understand as energy
efficiency progress should normally change smoothly (incremental technical change).

To reduce the fluctuations, it is recommended to calculate I as a three-years-moving average. The
value used for year t is the average of t-1, t and t+1. This method is traditionally used in statistics. When
publishing results for the index, it should be clarified if the energy efficiency index is calculated as a
moving average value.

NOTE1 The method traditionally used in statistics to calculate the three-years-moving average is to take for
year t the average of t-1, t and t+1. However, for the last year, the average can only be based on two years (t and
t-1). Using years t-2, t-1 and ¢, as used officially in the Netherlands, would avoid this simplification for the last
year, but it, however, always underestimates the gains achieved.
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NOTE 2  Weighted values can be used to give greater emphasis on more recent data, e.g. using [3It + 2I(t-
1) + I(t-2)]/6 for the index I over the most recent and two preceding time periods. This approach can be used, for
example, when it is known that there is a rapid uptake of a new technology in recent years.

6.3.3 Indicators resulting in negative energy efficiency improvement

A decrease in the specific energy consumption indicators indicates that energy efficiency has been
improving. However, in some cases, the observed indicator trend shows an increase, resulting in
negative energy efficiency improvement.

This increase in the specific consumption can be due to an inefficient use of the equipment, as is often

obse
exan|
to th
and,

ved—duringecotromic recesstons—Thistsparticutarty truetmrimdustry ortramsport
iple, in industry in a period of recession, the energy consumption does not decrease,pp
e activity as the efficiency of most the equipment drops, as they are not used to-their f
in addition, part of this consumption is independent of the production level“/In th

technical energy efficiency does not decrease as such, as the equipment is still.the’same, b

less {
the d
be rdg

efficiently. It is therefore suggested to separate the technical energy efficiency improy
bserved (or apparent) energy efficiency improvement. The apparent energy efficienc
placed by a technical energy efficiency index, by considering that, if the specific consu

given subsector increases, its value will be kept constant in the calculatien of the technical

The 1
mixi
shou
strud

Whe
ener
beca

6.4

6.4.1

In o1
need|
detel
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in th
two i

How
does

A preé

method. According to Reference [16], th

ncrease in specific consumption can also be due to an insufficiént level of disaggregat

Id be clearly stated that no energy efficiency progress has been calculated due to t
ture effects. This is often the case for electrical appliances in buildings.

h publishing the results of the index, it should becelarified if it measures the apparent
by efficiency improvement and what energy. usés could have been removed for the
1se of hidden structural changes.

Reliability of energy efficiency indices

General

der to calculate energy efficiency as the ratio between an input of energy and an
to be clearly defined and-be measurable. The quality of the calculated figures can
'mining the uncertainty. margin for the resulting figures, as done in Reference [13]. I}
rgin for the indicater’ value is calculated through a standard formula that combin
ins in the energyand activity data, used to calculate the indicator value. The margin fo
ke indicator value is determined through another standard formula that converts thg
ndicator valties into a margin for the difference.

bver, thissdnalysis is rarely done due to the complexity of the procedure. Therefore, th
nokprovide guidelines for a quantitative rating of the quality of the energy efficiency i

f goods. For
bportionally
ull capacity,
at case, the
ut it is used
ement from
y index can
mption for a
index.

ion, thereby

g real savings with structure effects. If it is not possible‘to correct for these structufre effects, it

hese hidden

or technical
calculation

utput, both
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5 calculation

TS T T ey rrorer oo

4
following factors define the quality of results:

— the status of data sources (see 6.4.2);

— the relevance of the selected indicators (see 6.4.3);

— the length of period for which energy efficiency is calculated (see 6.4.4).

Therefore, an assessment of the quality of the energy efficiency indices should incorporate a full
description of data sources, each with a quality assessment, the rationale for the indicators used, and
the length of the period.

It should be noted that as the energy efficiency index is calculated at the level of sectors from various

indicators, the margin of error for the index is lower than that for the separate indicators: the positive
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and negative errors in the index calculation from individual indicators will compensate each other,
provided that the indicator changes are independent of each other.

6.4.2 Status of data sources

The status of data sources can be divided into official statistical data, data based on comprehensive
surveys, and data from small surveys and expert estimates. However, official data are not always more
reliable than surveys conducted by other organizations. Important factors to be taken into account in

evaluating the data quality are the following.

How comprehensive are the data sets?

If based
What ai

How cq
disrupt

How col

All data sho
reports.

6.4.3 App

The approp
efficiency.

NOTE
the choice is
boundaries.

Often the ch
may either
of efficiency
uncertainty
of energy e
possible hid
qualitative Y

6.4.4 Len

The value of]
to the previ

The user has to consider carefully what indicatérs best characterize energy efficiency be

pth of period

on a statistical sample, is the sample representative of the whole country?
e the confidence levels for the statistics?

nsistent is the collection or definition of statistical data over time? Have there
ons or changes in methods or definition?

(sistent are the series values over time? Do they contain unexplained-values?

ld be retained for documentation purposes and the sources of all data documented ij

ropriateness of the indicator

Fiateness of the indicator defines whether a change in indicator value represents er

often determined by the chosen definition.of energy service level and/or by the choice of sy

pbe signals of energy efficiency. or'noise in the measurement, depending on the defin
. The higher these hidden structure effects (or the greater the extent of disagreeme
over whether the structure effects are signal or noise), the less accurate is the calcul
'ficiency improvements:. Therefore, the users of this method may perform an analyj{
den structure effects for each indicator(4l. However, even if they can be identified
vay, the data neededto quantify them are often missing.

the energy efficiency index for one year is relatively unreliable because its change compg
bus y€ar is often in its range of uncertainty margin (e.g. around 0,5 % to 1 %). Howevd

a period of

still about thesame,thusleadingtoahigherreliability. |

[0-years, the energy efficiency index value will be higher, while the uncertainty marg

been

1 any
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ange is influenced by hidden structure effects (see 4.2.3). However, these structure efffects
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7 Decomposition analysis of energy consumption variation

7.1 Objective and overview of calculation

The main objective of the decomposition analysis of the energy consumption is to show the various
types of explanatory factors that explain the energy consumption variation over a given period.

In particular, it shows the relative contribution of the two main factors on the energy consumption
changes: an activity factor and an energy savings factor. “Energy savings” refers to the consumption
reduction coming from efficiency improvements at the level of the different subsectors and energy uses.
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A third factor, a structure factor, will be considered in several sectors, but its definition will be sector
specific. In industry and services, it corresponds to the changes in the contribution of each subsector
in the total activity of the sector. In transport, it corresponds to modal shift. In the power sector, it
corresponds to changes in the power mix.

Finally, for households, specific factors explaining the consumption variation can be measured, such as
living standards and behavioural factors, or a fuel substitution factor.

The method can be applied at the level of the different end-use sectors (industry, transport, households,
services and agriculture), at the level of the total final energy consumption, and finally at the level of
the primary energy consumption. In each case, what will change are the different explanatory factors.

7.2 | General calculation

7.2.1 General

This|subclause describes the calculation steps of the decomposition. Datascellection and|parameters
are considered in Annex C.

The ¢alculation steps are as follows:

— $tep 1: definition of explanatory factors (see 7.2.2);

— $tep 2: calculation of the activity factor (see 7.2.3);

— $tep 3: calculation of the energy savings factor (see 7.2:4);
— $tep 4: calculation of structure effects (see 7.2.5);

— $tep 5: calculation of other factors (see 7.2.6):

Other issues related to the calculation of"“the decomposition of energy consumption variations are
described in 7.3.

7.2.2 Definition of explanatory factors

The main objective of the deecomposition analysis of energy consumption variation is fo show the
relatfve contribution of different explanatory factors. All factors, as well as the energy donsumption
varigtion, are expressediin-energy units (i.e. multiple of Joule, toe or kWh).

The first factor is the-activity factor. It assesses the impact on the energy consumption [variation of
changes in the écenomic activity. For households, it measures the impact of demogrgphy, and in
trangport the efféect of traffic variation. In periods of high economic growth (or of economif recession),
this flactor ishustially the most important one to explain the growth (or decrease) in energy consumption.

The fsecond factor is the energy savings factor coming from efficiency improvements at{the level of
the different subsectors and energy uses, The energy savings factor is negative as it contributes to a
decrease in energy consumption.

The third factor to be considered is that, within each sector, the variation in activity is not the same for
all subsectors, which leads to structural changes that can impact consumption. This third factor, called
the “structure effect”, will be especially important if the structure changes between subsectors with
a very different specific consumption (e.g. between cars and public transport for passenger transport,
between steel and equipment in industry). These structure effects can be calculated in industry,
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transport, services and in the power sector. For households, as explained above, there are also some
structure changes, for which, however, the quantification needs data that are not commonly available.

NOTE1 Achange inthe power mix between renewables, nuclear or thermal energy can also be considered as a
structure effect. Indeed, according to the international accounting rules in the energy balance (e.g. IEA, UN), the
primary energy consumption per kWh of electricity produced is quite different between renewables and nuclear
(0,086 toe/1 000 kWh for renewables, 0,26 toe/1 000 kWh for nuclear, and between 0,15 and 0,25 toe/1 000 kWh
for thermal).

Depending on the sector and/or level of disaggregation, other types of explanatory factors can be
considered that are sector specific. Examples of other factors for households are: living standard factor,
behavioural factors, fuel substitution factor or climate factor.

The living standard factor will reflect the fact that households have more equipment (e.g. refrigerators,
air conditigners) or larger dwellings. The behavioural factor will reflect the impactyon erergy
consumptiop of changes in the level of thermal comfort (higher or lower use of heating(or-air-copling
equipment){The fuel substitution factor shows the impact of fuel substitutions between\types of energy
with very different end-use efficiency. This factor is particularly important in developing countries|with
the substitytion for cooking of traditional fuels (e.g. wood, wastes) with modern fuels [e.g. liquefied
petroleum gas (LPG), kerosene, electricity]. Finally, the climate factor reflectscthe’fact that the avg¢rage
temperatur¢ for heating or cooling was different between the two years of calculations. This last factor
is also relevant in services.

NOTE 2  Ifjthe decomposition of energy consumption is done with the energy consumption data adjust¢d for
climate diffefence, the climate factor does not exist.

7.2.3 Cal¢ulation of the activity factor

The activity|factor captures the effect of changes in the activity of the sector. For each sector considered
(e.g. industry, households, transport, services and agriculture), an indicator of activity should be
selected reflecting the whole activity of the sector. Itcan be an indicator of economic activity (e.g. yalue
added or index of production in industry and.agriculture, value added or number of employeps in
services, traffic for passenger and goods in transport, power generation for the power sector) ¢r an
indicator of|[demographic activity (e.g. numbep of dwellings and/or appliances for households).
The activity factor of a sector F, between ¢ and t-1 is calculated by multiplying the variation df the
driver quanfity between t-1 and t by-the indicator value for the sector of the previous year (t-1), as
shown in F¢grmula (16). The indjeator value of the sector is defined as the ratio between the energy
consumptioh of the sector and the-activity indicator of the sector.
F =(A

a t _At—l )xut_

1 (16)

where

F, s theastivity factor of a sector, in energy units (i.e. multiple of Joule, toe or kWh);

A  isthe indicator of activity of the sector;
t  istheyear of calculation;
t-1 isthe year before the year of calculation;

u istheindicator value of the sector, see Formula (17):
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(17)

where E is the energy consumption of the sector.

NOTE1 t-1 can be replaced by a base year 0 if the calculation is done between the base year and the year of
calculation.
NOTE 2  An activity factor can also be calculated in the same way at the level of a subsector or energy use. The

total activity factor can then be calculated as the sum of the activity factors by subsector or end-use. In that case,
no structure effect can be calculated as it is included in the total activity factor. In addition, a different indicator
of acfivity can be used for each subsector or end-use (e.g. physical production and value addeql in industry

depending on the industrial branch).
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1ples of calculation of activity factor by sector are given in Annex C.

Calculation of the energy savings factor

he energy use sectors, the energy savings (S) factor is calculated ‘as the sum of ene
lated at the level of detailed subsectors or energy uses, as shown‘inFformula (18):

; is the energy savings of sector j, in energy units;
j isthe energy savings of subsector i within'sector j.

energy savings by subsector are obfained by multiplying the variation in spe
imption by an indicator of activity, as-described in ISO 17742.

(PLE Energy savings for refrigerators are equal to the variation in kWh per refrigerator
imber of refrigerators.

he power sector, energy 'savings are derived from the improvement in the efficiency
I generation.

1 Inthe power sector, most of the savings come from a change in the power mix due to acc
in the energy balance statistics. Therefore, it is more relevant to separate this power mix effq
e it with the energy savings coming from energy efficiency improvements in thermal generat

2 Thelenergy saving factors by sector can also be calculated directly from the sector’s ene
, as shewn' in Formula (19), taking into account that the energy efficiency index introduced

qual tothe ratio between the energy consumption (E) at year ¢ and a theoretical consumptic

rgy savings

(18)

rific energy

multiplied by

/ of thermal
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where
S;  is the energy savings of sector j;
E; isthe energy consumption of sector j;

Igg; is the energy efficiency index of sector j;

J
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is the sector name, i.e. industry, transport, households, services or agriculture.
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The weighting method of the energy efficiency indices I has been defined in such a way that the
calculation of energy savings from I is strictly equal to the sum of energy savings by energy use.

7.2.5 Calculation of structure effects

Structure effects can be calculated in the industry sector, in services and in transport. In industry and
services, they correspond to the fact that all subsectors do not grow at the same rate as the average of
the sector. In transport, structure effects correspond to changes in the share of transport mode in the
total traffic of passenger and goods (i.e. modal shift).

The structure effect is calculated as the difference between the total activity factor minus the sum of
activity factjors by subsector, as shown in Formula [Z20]:

Fop =F, _Z(Ai,t A )xui,t—l (20)

where

F,. is the structure effects, in energy units;

F, s the activity factor;

A isthe indicator of activity selected for the sector;
A; is the indicator of activity of subsector i;

t  isthe year of calculation;

t-1 is the year before the year of calculation;

u; isthe indicator value of the sector, see Formula (21):
E.
ile
it X_ (21)

ilt
where E; , is|the energy consumption ¢f' subsector i at year t.

NOTE1  The structure effect mayhot exist depending on the way the activity effect is calculated (see NOTE 2
in 7.2.3).

Examples of the calculatiofi of structure effects by sector are given in Annex C.

7.2.6 Calgulationofjother factors

The calculationcof’the other factors, if any, depends on the sector and is explained further in Annex C.
The number afthese other factors depends on the data availability and the underlying definition af the
previous factors (activity, savings and STructure).

7.3 Other issues related to the decomposition of the energy consumption variation

7.3.1 General

For the calculation of the decomposition of the energy consumption variation, the following types of
computation can be considered:

— calculation over a period;

— accounting for negative energy savings.
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All issues related to the quality of the calculation are similar to those given for the energy efficiency
indices in 6.4.

7.3.2 Calculation over a period

The calculations indicated in Formulae (17) and (21) are done between the years t-1 and t. The
decomposition of the energy consumption between year t and a base year 0 can either be done directly,
by replacing t-1 by 0 in the formulae, or as a chained calculation, by summing the variations year by
year over the period. The results are the same.

Asindicated for the energy efficiency indices, an increase in the specific energy consuniptign indicators
in a given subsector or energy use will result in an increase of the energy consuniption (ji.e. negative
energy savings). Such an increase is often observed during an economic recession in ipdustry and
freight transport, as explained in 6.3.3. In that case, there are two options(te¢” calculatd the energy
savings at the sector level:

— ¢onsider subsectors with real savings (i.e. negative value); or

ddd subsectors with positive and negative savings.

The gecond approach will lower the value of energy savings. The first option corresponds td a definition
of energy savings that is close to technical savings. In that case, a residual factor has to [be added to
accoynt for these negative energy savings.

The jncrease in specific consumption can also be duete-an insufficient level of disaggregatiion, thereby
mixihg real savings with structure effects. If it is.not possible to correct for these structure effects,
it should be clearly stated that no savings have Been calculated due to structure effects. [n that case,
no sgvings will be presented, even if they become positive in a later period. This is often|the case for
electrical appliances in buildings.
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Annex A
(informative)

Calculation of structure effects

A.1 Simple calculation of an energy intensity at constant structure
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approach to assess the influence of structure effects on the energy intensityds to calc
htensity at constant structure, i.e. a theoretical intensity that would result if all se
ng at the same rate as the activity of the whole sector (as measured, for example, b
idded of industry for industry, or the GDP for the final intensity). Themn; by comparin
the energy intensity at constant structure with that of the observed intensity, the ¢
| changes can be calculated by difference. This method can be xeferred as the “Laspg
hod” as it combines values at base year and current year and is adapted from the calcul
yres Paasche price calculation method. As explained in 5.2,although this method is sir
t, it provides less accurate results than the Divisia method.

od, there are two main steps of calculation:
ion of a theoretical value of the energy intensity<at constant structure of a fixed base y
ion of the structure effect.

intensity at constant structure is calculated by assuming that the structure by subs
unchanged from the base year and by considering the actual variation in energy inte

S (e]-), as shown in Formula (A.1);
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i ist

e-monetary indicator of the activity of subsector { (9 g value added of industrial bran

he final energy consumption of subsector i.

h7);

is the monetary indicator of the activity of the whole sector (e.g. value added of industry);

Comparing the variation of the energy intensity at constant structure with that of the actual intensity
measures, by difference, the structure effect.
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The average annual variation of the intensity between year 0 and t due to structural changes is given in

Formula (A.2):
G =G -G . (A.2)

ar,str ar,tot,t,0 ar,int,t,0
where

G is the compound average annual intensity variation between 0 and t due to

ar,str
structural changes, in % per year;

G ictha camnannd ~unragg '\Y\Y\II'\] mtancityy nr\v-v\hnn ]nnf—uynnn O and+ in O/ Bervear:
To—tre-cohpoatver= oI e ot oo Tt e—y-c
'ar,tot F o vJ ] U P Yy )

barint 1S the compound average annual variation of the intensity at a constant structurg between 0
and ¢, in % per year.

The ¢ompound annual growth rate should be calculated as shown in Formula (A.3):

; =L —
(ar,tott,0 1 (A.3)

A.1.2 Simple calculation for industry

The pnergy intensity of industry relates the energy consumption of industry to the value added of
indugtry measured at constant price, as shown by Formula (A.4). A similar energy intensity can
be defined for the manufacturing industry only, with the manufacturing industry being defined as
indugtry minus mining and construction. All the_galculations in this subclause can be applied in the
samg way at the level of industry or manufacturing industry alone. For simplicity, this subg¢lause refers
to just “industry”.

E.
_ ind,t ( A 4)
ind,t

6 ind,t
where

@i,q Is the intensityvalue of industry;
I, 4 1isthe energyconsumption of industry;
Yinq 1sthevdlue added of industry;

a is-the year of calculation.

The enérgy intensity, as defined in Formula (A.4), can also be written as shown in Fornjula (A.5) to

showrthe effect of structural r‘hnngnc and intensity r‘hnngpc-

Y. E
_ ind,i,t ind,i,t
eind,t - z : Y Y (AS)
i ind,t ind,i,t
where
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is the intensity value of industry;
is the energy consumption of industrial branch i;

is the value added of industrial branch i;

Eing,i/Ying,; is the energy intensity of industrial branch i (energy intensity component);

Yingi/Yina 1S the share of industrial branch i in total value added (structural component).
Figure A.1 grovides an example of intensity trends and structural changes in industry. It shows|that,
for the EU, the reduction of the energy intensity of industry since 2007 was at twice the rate-ofthat of
manufacturfng (respectively, 0,9 %/year and 1,8 %/year). This trend is mainly explained by aStru¢ture
effect: the sfrong recession in construction (-3,3 %/year between 2007 and 2013 for the-value added)
and the increasing share of manufacturing, the energy intensive part of industryin)the total yalue
added of industry (from 64 % in 2007 to 66 % in 2013). See Figure A.1.

X

0%

-0,5% H—

_1 0/0 H

-1,5% H—

209 H-— —

25% t——m———>+—-..

3% H—————— NN

2000-2007 2007-2013
Y
Key
m industry X time
B manufacturing Y %/year

industry|at constant strueture 1  structural changes

manufacfuring at constant structure
NOTE Squrce:Odysseel2],

Figure A-l—Energy-efficieney-trends-and-policiesinindustry-September 2615

NOTE The structure effect is the difference in the variations of the (observed) energy intensity and of the

intensity at constant structure. The greater this effect, the wider the gap between these two intensities.

A.1.3 Simple calculation for final energy intensity

The final energy intensity relates the final energy consumption to the GDP expressed at constant prices,
as shown by Formula (A.6). The final energy consumption should correspond to energy uses only and
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exclude non-energy uses. The calculation should preferably be done with a final consumption at normal
climate, i.e. with climatic corrections, as explained in Annex D.

fit
e =—— (A.6)
YGDP,t
where
e is the final energy intensity value;
F'f isthe final energy consumption;

Yepp is the GDP;
i is the year of calculation.

The final energy intensity, as defined in Formula (A.6), can also be written as Shown in Forrhula (A.7) to
show the effect of structural changes and intensity changes with a constant ‘structure:

4 = Yi.t Ef,i it (A.7)
t 2 Y Y '
I t i,t
wheie
kK, is the energy consumption of each of the five final energy consumption sectors|(industry,

transport, residential, services and agriculture);

Y represents the monetary activity of each of the five final energy consumption sectors, as
follows:

— for industry, services andagriculture, which are the productive sectors thgt contribute
to GDP, their activity ¥jis’'measured by their value added;

— for the residential -sector, the activity can be measured by the hougehold final
consumption expenditure, also called “private consumption of househ¢lds”, which
corresponds to-the total expenditures of households in goods and servicgs and is the
main component of the GDP expenditure in a country;

— for tyansport, the activity is measured by GDP, as transport is generated by all economic
sectors as well as by households;

ke;/Y; isthéenergy intensity of each sector as defined above (energy intensity compopent);

Y; /Y SAs the structural component, R;; it is defined for each sector as indicated above.

If the purpose is to combine the effects of structural changes between main economic|sectors and
within industry as well, the intensity of industry in Formula (A.7) should be replaced by a theoretical
intensity of industry calculated at constant structure (as calculated in A.1.2).

Figure A.2 provides an example of an application of the method of calculation of the final energy
intensity at constant structure for different regions of the world. It shows that in three regions (Africa,
India and China), the final intensity decreased faster than the intensity at constant structure. This
means that part of the energy intensity decrease was due to an increasing share of services, the less
energy intensive sector in the GDP. In CIS, however, structure effects contributed to increase the final
energy intensity.

NOTE CIS is the Commonwealth of Independent States: Azerbaijan, Armenia, Belarus, Georgia, Kazakhstan,
Kyrgyzstan, Moldova, Russia, Tajikistan, Turkmenistan, Uzbekistan and Ukraine.
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Figure A.2 — Impact of struc@&‘ changes in GDP on the final energy intensity trend
O (2000 to 2014)

O .
O
A.2 Example of a cal€§[htion of Divisia decomposition

Q~e are two main versions of the Divisia method, depending on the weighting
subsectors in the calculation of the structure and intensity effects [see [5.2.2

@]

— intheA Vl@method, the weighting of subsectoriatyear t w;, is the average weighting of year t and t-1:

_ (Ei,t [EAE; 4 /Et—l)
it~ 2

As explaine
method of t
and Formul

— in the LMDI1 method, the weighting of subsector i at year t is calculated as:

L it it—1
oY,
Wie=
(B B
A
where
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E;, isthe energy consumption of subsector i at year t;
E;. 1 isthe energy consumption of subsector i at year t -1;
E,  isthe total energy consumption at year t (sum of subsectors i);

Y,  isthe monetary indicator of activity of the whole sector at year ¢, e.g. value added.

Figure A.3 provides an example of the various steps of calculation with the AMDI Divisia method in a
fictitious case with three subsectors.
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Step 1: Collection of data and calculation of intensity and share of value added in total by

subsector Calculation for each subsector i:
- ratio between value added and
Data 2010 2011 2012 2013 total value added, R,
Consumption (PJ) - energy intensity, e,
Subsector A 550 530 490 440 5
Subsector B 270 280 260 260
Subsector C 520 570 570 5501 |Structure R, (%) 2010 2011 2012 2013
Value added (M$2 000) Subsector A 25% 22% 21% 20%
Subsector A 18360 17880 17150 15700| |Subsector B 16% 16% 18% 18%
Subsector B 12050 13210 14500 14230 |syubhsectorC 5904 6204 620, 530
Subsdctor C 44390 50600 51190 49890 :
Intensity e,
i 2010 2011 2012 201
(M]/$2 000) 010 20 0 013
Subsector A 3 29,6 286 28
Subsector B 22,4 21,2 17,9 (N8,3
Subsector C 11,7 11,3 1431 11
/SI ep 2: Calculation of weighting factors by sector \
Weighting factors: Weighting factors 2010 2011 2012 2013
E“/ LE- 1/ Subsector A 0,4 0,38 0,36
w,= i Een Subsector B 0,2 0,2 0,2
i 2
Subsector C 0,4 0,42 o,y
- : . A
Step 3: Decomposition of energy intensity varlath®
S\
Structure effect (%/year) 2011 2012 2013
R. - _ -
Structure effect=  w, x In(—4%) Subsector A 4,5 % 2,1% -1,8%
' it-1 §< Subsector B 0,1% 1,6% 04%
\& Subsector C 1,7% -01% 05%
W
_ O Intensity effect (%/year) 2011 2012 2013
Intensity effect = w,.x In(a ‘ Subsector A -04% -14% -0,7%
nrensityeffect = ¥ ™ AN Subector B 11% -33% 04%
O Subsector C -1,6% -05% -04%
Exprgssed in %/year: %O
06 2011 2012 2013
Q- Structure effect (sum of subsectors) -27% -06% -1%
[ Ihdices = e %}al ) Intensity effect (sum of subsectors) -31% -52% -08%
v = | Total variation -59% -59% -1,7%
Exprasseg{ ices:
% 2010 2011 2012 2012
Structure effect 1 0,97 0,99 0,99
Total variation = Intensity effect 1 0,97 0,95 0,99
structure effect x Total variation 1 0,94 0,94 0,98
intensity effect

Figure A.3 — Calculation of structure effect with the AMDI Divisia method

For the LMDI1 method, the steps of calculation are identical. The only change is that the formula of the
weighting factors is different between the two methods.
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The total variation of energy intensity is not strictly equal to the sum of effects because the AMDI
method generates a residual, while, with LMDI1, the decomposition is made without residues. However,
as shown in the example in Figure A.4, the residue is generally negligible and the two methods give
almost the same results. Therefore, it is recommended to use the AMDI method, which is simpler to
implement and to present.
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Annex B
(informative)

Examples of energy efficiency indicators

B.1 General

The calculat
highlight th
recommend
from the Oq
index, called

The sectors
Agriculture
energy use.

B.2 Indu

B.2.1 Seld

In industry,
both the ene
The list of b}
case, the sel
data availab

For some of
their level

steel, cemer]
cement and
available, ar

In other sec
as this indid|

B.2.2 Ind

For these d

ion of the energy efficiency index (/) makes use of energy efficiency indicators. Impr(g
b application possibilities of the general calculation method, an overview is provided ¢
ed energy efficiency indicators to be used in the various sectors. These indicators orig
lyssee project on energy indicators for the calculation of the European energy effic
ODEXIZI[15], and are also used by other organizations (e.g. IEA).

covered are industry (see B.2), transport (see B.3) and residential (households) (see
forestry and fishery are not included as they generally constituté.small sectors in ter}
Energy transformation (central power and heat generation, refineries) is not covered I

Stry

bction of subsectors

the selection of subsectors (Step 1) consists of\a selection of industrial branches for y
rgy consumption and an indicator of activityds available and defined in a consistent ma
ranches usually follows the International Standard of Industrial Classification (ISIC). Iy
ection should be done so as to group them into around 10 to 15 branches, depending o
le and their importance in the totaldndustrial activity and energy consumption.

the industrial branches, mostly in‘fenergy intensive subsectors, it is possible to charact

t, and pulp and paper, fof which the respective outputs are the production of crude
paper in tonnes. Other enérgy intensive branches that can be considered, provided dat]
e sugar, aluminium,.copper, fertilisers, ethylene, glass, etc.

For's, the outputisvery diverse and therefore the output is expressed as a production i
ator of activity is based on physical production at a disaggregated level.

cators-for energy-intensive industries

nergy-intensive branches, the specific energy consumption is calculated as show

erto
f the
inate
ency

B.4).
ms of
ere.

rhich
nner.
that
n the

erize

f activity with a physical.output. The usual energy intensive branches considered are

Steel,
a are

hdex,

m in

Formula (B.[L):
EX
uind,x 0_
X
where
Uinq » 1s the indicator value for specific energy consumption of energy-intensive product x;
E, is the total energy consumption for product x;
0, isthe output for the energy-intensive product x.
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The production is measured in physical units (e.g. Mt, kt).

NOTE1 A correction can be included to consider the effect of variations in the utilization rate of production
capacity by introducing a production performance factor. This coefficient will reflect the fact that, with a
low capacity utilization rate, the fixed part of energy use counts more heavily and the equipment has a lower
efficiency. This coefficient cannot be found in any statistics and is estimated. For that reason, it is not considered
in the Odyssee efficiency index.

NOTE 2 A further breakdown by type of product or process can be considered (e.g. separation of steel
produced from basic oxygen and electric arc furnaces, between clinker and cement for the cement industry). The
decision for this additional disaggregation depends on the data availability.

B.2.3 Indicators for other industrial branches

For the other branches, the specific energy consumption is calculated as shown in Fermula|(B.2):

(B.2)

where

Yinq x 1S the indicator value for specific energy consumption ify industrial subsector x;

k, s isthe energy consumption of subsector x, minus the/consumption of the energy intensive
products that belong to the branch; e.g. for the branch called “non-metallic minerals” it is the
consumption of the whole branch minus the consumption for cement production

A is the output for subsector x, measured witha production index.

ipi,x

B.2.4 Example of a calculation of an energy efficiency index

Figure B.1 provides an example of the four steps of calculation of the energy efficiency index in a
fictitious case with three subsectors:

— $tep 1: collection of data on energy consumption and activity data by subsector;
— $tep 2: calculation of indicator values by subsector;
— $tep 3: calculation of weighting factors by subsector;

— $tep 4: calculatienof the energy efficiency index for the sector as a whole.
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36

/1: Energy consumption and activity data by subsector

~

Data 2010 2011 2012 2013
Consumption (P]) - E,
5 a . Subsector A 550 530 490 440
or subsector 5, the most Subsector B 270 280 260 260
relevant activity data is the Subsector C 520 570 570 550
physical production. For the Production index (2010 = 100) - A,
other subsectors, it is the Subsector A 18360 17880 17150 15700
production index. Subsector C 44390 50600 51190 49890
Production (kt) - A,
K Subsector B 20956 23200 22488 226
4
(1=
\d
/ 2: (alculation of indicator values by subsector bsb \‘
£
Specific consumption 2010 2011 ZOQS\) 2013
S AT G e Subsector A GJ/100 55 544 (7§25 515
Y, Subsector B GJ/t 12,9 12\% 11,6 11,5
Subsector C GJ/100 5,2 5\ 4,94 4,89
PR
Indicators index (/) 2011 2012 2013
Calculation of indicators Subsector A Q 100 99 95 94
trends in base 2010 = 100 \\
Subsector B ;\\) 100 94 90 89
\ Subsector C o, 100 96 95 9| |
QS
- _ — ‘Q)s\ ~
3: (alculation of weighting factors by subsector 1\
O
Weishting fact Weighting factors 2010 2011 2012 2013
CIShinG factot: Subsect: 41%  38%  37%  35%
w= L Subgector B 20 % 20 % 20 % 21%
E Subsector C 39 % 41 % 43 % 44 %
N\
O~
4: Calqulation of the en efficiency index for the sector as a whole
Q~: 2010 2011 2012 2013
S
Q\’ ; I_of subsector A 100 99 95 94
Ligos @t = LW, x 7)) 1,of subsector B 100 94 90 89
\ h I,of subsector C 100 96 95 94
2 Tiees1= 1 / (IIEE,H/ IIEE,t) Lipis /IIEE,t 1,03 1,03 1,01
IIEE,lUO,t = 1155,100,[—1 x IlEE,t/ IIEE,t-l IlEE‘t /IIEE,t-l 0.97 0.97 0.99
IlEE,lUU 100 97 94 93
In this example, the energy efficiency index of industry is equal to 93 in 2013 compared to 2010, this means that
energy efficiency has improved by 7 % between 2010 and 2013.

subsectors
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B.3 Transport

B.3.1 Selection of subsectors

In transport, the selection of subsectors (Step 1) consists of a selection of transport modes for which
both the energy consumption and an indicator of activity are available. Transport can be split into the
following main modes:

— road transport: cars, heavy trucks, light duty vehicles (vans, pickups), buses, and motorcycles;

— rail transport: goods, passengers;

— 1ir transport: total or only domestic;

— domestic water transport (river, sea, waterways).

In transportation, the energy efficiency improvement can come from different fagtors:
a) improved efficiency of vehicles, including component and accessories;

b) I:timal driving or operating patterns;

c) ashift between transport modes (e.g. from car to public transport, from trucks to rail)

d) less distance travelled with vehicles, due, for example, to‘gréeater use of public transport or bicycles
or cars, or through logistical improvements for road fieight vehicles;

e) increased rate of occupancy or load factor of transport modes and vehicles.

For fhe last three cases, the energy efficiency of.the transport modes is not changing buit there is a
greater use of more efficient modes (for the third-case) or a more efficient use of modes (fdr the fourth
and fifth cases).

The (efinition of the energy efficiency index will therefore depend on the definition given to energy
efficlency.

B.3.2 Indicators for cars
For dars, three main indicators can be used to characterize the energy efficiency:

— the specific energy.consumption in litres/100 km (1/100 km), also expressed in km/] ih most Latin
American countries (in miles per gallon or mpg in the US) [see Formula (3)];

— the specificienergy consumption in energy unit in GJ/km (or koe/km) [see Formula (4)];
— the specific consumption per passenger-km in MJ/pkm (or goe/pkm) [see Formula (5)]

The average fuel consumption per vehicle-km by car in physical units is shown in Formula [B.3):

E
=—< /100 (B.3)

vkm,c

uc,l
where
Ucq is the indicator value for fuel consumption per vehicle-km driven, in litre/100 km;

E. is the total energy consumption of cars, in litres or m3;

is the total number of vehicles-km by cars, in number of cars multiplied by the average
distance travelled per year.

vkm,c
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The average fuel consumption per km driven by car in energy units is shown in Formula (B.4):

EC
U, = (B.4)
vkm,c

where

Uc o is the indicator value for fuel consumption per vehicle-km, in MJ/km;

E. is the total energy consumption of cars in energy units (e.g. Joule);

Aykm, s the total number of vehicles-km by cars.
The average fuel consumption per person-km by car is shown in Formula (B.5):

EC
U =] (B.5)
pkm,c

where

Upkm  [is the indicator value for fuel consumption per passenger-km in-énergy units, in MJ/pkim;

E. is the total energy consumption of cars;

Apgm,c [is the total traffic in passenger-km by cars.
The first inglicator (litre/100 km) shows the combined effect of technological improvements, drjving
behaviour ahd fuel shift.
The second |ndicator (M]/km) takes into account, in.addition to the previous factors, the changes ip the
fuel mix (i.el in the average calorific value of motor-fuels, in Joule/litre). This fuel shift can come [from
a substitutign between gasoline and diesel or.from the penetration of biofuels. If the focus is on aftual
vehicle improvement, this fuel shift effect(Should be isolated. This is possible by defining separate
indicators fgr the different fuels, e.g. for diesel, gasoline.
The third ipdicator (M]/passenger-Km) takes into account, in addition to the second indicatoy, the
changes in the average occupancy rate of cars. If it increases due to carpooling, fewer cars are needed
for transporjting the same numbeér of people, which translates into a reduction of that indicator, all pther
things being equal. The effect'of-changes in car occupancy can be calculated by comparing the trepnd of
the two indicators proposed foer cars.
As energy efficiency should preferably be measured in energy units. As policies on carpooling ex|st to

improve the

B.3.3 Ind

efficienCy/of cars, the use of the third indicator is recommended.

cators for buses and motorcycles

For buses and motorcycles, an average fuel consumption per vehicle is calculated, as shown in

Formula (B.6):

E

\'

N
v

u
\'%
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(B.6)
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where
u, isthe indicator value for fuel consumption per bus or motorcycle;
E, isthe total energy consumption of buses or motorcycles;
N, is the total number of buses or motorcycles.

B.3.4 Indicators for passenger and freight rail transport and for air transport

For transport of freight and of persons by rail and air, the indicators relate the consumption to traffic.

For jpassSengers, the traffic 1S generally expressed in passenger-km travelled (in the case of rail and
domestic air transport) or in terms of the number of persons transported (in the caserof-international
air tfansport).
For transport of goods by trucks, trains or boats, the traffic is generally expressed in ton-km
trangported.
Officlial energy statistics provide the energy consumption of rail transport, as a whol¢, without a
diffefentiation between passenger and goods. To separate this consumption between pasisengers and
goods, one approximation can be to express the traffic of passengers and goods in the spme unit, in
gros$ ton-km hauled (gtkh), reflecting the total mass to be movéd, including the mass of locomotives
and [carriages. For this purpose, a coefficient is used that €xpresses the average grogs mass per
passenger and per ton of goods. (A default value can be used as follows: 1,7 gtkm per pdssenger-km
and 2,5 gtkm per ton-km for goods.) The total energy consumption of rail transport is then allocated
between passenger and goods traffic according to the share of passenger and goods traffic, tespectively,
in the total traffic in gross ton-km hauled.
The §pecific consumption for air and rail passenger'is defined as shown in Formula (B.7):
E
k
y =P (B.7)
pkm A
pkm
wherre
Yokm is the indicator vatue-in fuel consumption per person-km;
K,m is the total energy consumption of passenger mode;
Apkm s the passerger traffic in passenger-km.
The §pecific consumption for transport of goods is shown in Formula (B.8):
E
_\_tkm
Ltkm N A (B8)
tkm
where
Uym 1S the indicator value in fuel consumption per ton-km;
Eym Is the total energy consumption of freight mode;
Aixm 1s the traffic, in ton-km.
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B.4 Residential (households)

B.4.1 Selection of subsectors

In the residential sector, the selection of subsectors (Step 1) consists of a selection of energy uses and/
or appliances types. The main energy uses and the largest electrical appliances to be considered are:

space heating;

water heating;

cooling
large el
— ref]
ind

was

clot

TV;

others.

The selecti
consumptio
that cannot

NOTE S
representatiy

B.4.2 Ind

This indicat
occupied dw

cooking;

dishwashers;

;
(air conditioning);
ectrical appliances:
igerators;
bpendent freezers;

hing machines;

hes dryers;

n of energy uses will depend on the-~data availability, especially for the elect]
h by type of appliances. The category “ethers” should include all energy uses and applig
be separated because of a lack of data;

mpling or surveys can be used to get’data by end-use as long as the data produced are statist]
re of the country (or region).

cators for space heating

or represents the @verage energy consumption for space heating per m? of floor ar
rellings, as showfi-ih Formula (B.9):

sh,nc

xM

)

odw

ricity
nces

ically

ea of

(B.9)

Ugh

E

sh,nc

N,

odw

My

w

is the indicator value of energy consumption for space heating;
is the weather adjusted final energy consumption for space heating;
is the number of occupied dwellings;

is the mean floor space per dwelling, in m2.

Energy consumption for space heating comprises fossil fuels, such as natural gas, heating oil, coal,
lignite or peat. It also includes wood, electricity and delivered heat from a district heating system or
solar water heater.

Energy consumption should be adjusted for weather variations from one year to the other, using degree
days (see 4.2.5 and the details of calculation in Annex D).
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Energy consumption is dependent on the occupancy of dwellings as, for example, summer homes and
houses waiting for a new buyer or renter will show quite different energy use patterns. Therefore, only
dwellings occupied throughout the year should be considered: the so-called “permanently occupied
dwellings”. Their number may be counted at the middle of the year (or as the average between the
beginning and end of the year).

The average floor space per dwelling comprises all living space and usually excludes cellars and attics,
which normally are not heated.

Depending on data availability and influence on the indicator value, a correction can be made for the type
of heating (central heating, room heating), e.g. in the case of ODEX[14l, Indeed, room heating consumes less

ener
enab
and (

B.4.]

The
hous

whet|

The
sligh
habif

Ener
depe
wate
the f
elect
the ¢

B.4.1

)_y thau \,Clltl Cl} hcatiug [ ) Cl}} thC I'UVUIIIS dI'T llUt hcatcd (Ull}_y SUIIIT TUUIIIS AdI'T hcatcd vV it
le a correction for central heating, a distinction should be made between centrally heat
lwellings with room heating in the formula of the calculation of the total heated ar€a.

B Indicators for water heating

indicator considered is the specific energy consumption for watet hieating per

chold, as shown in Formula (B.10):
E

wh

(Nyp %Py

wh

is the indicator value of energy consumptionfor water heating;
is the final energy consumption for waterheating;

Vi, is the number of households;

wh i the average number of persons per household.

humber of households multiplied’ by the average number of persons per household
tly lower than the total population because a small fraction of the population lives in
ats (e.g. prisons, homes far old people).

py consumption, delivered to households, can be influenced by renewables-behin
nding on the definition or coverage of energy consumption. For example, hot wate
r heaters will reduce the amount of fuels or electricity purchased (i.e. the delivere
nal energy consumption for water heating includes the solar energy used, the switch
ricity to solar will only have a minor impact on the consumption and thus on energy
pnsumptioh is based on the delivered energy, then energy efficiency improvements wi

I ~Indicators for cooking

h stoves). To
bd dwellings

berson in a

(B.10)

is generally
nstitutional

d-the-meter,
" from solar
1 energy). If
from fuel or
efficiency. If
1 be greater.

The indicator considered is the specific energy consumption for cooking per dwelling, as shown in

Formula (B.11):

__ck
Uye= N (B.11)
hh
where
Uy istheindicator value of energy consumption for cooking;
E,  isthe energy consumption for cooking;
Ny;,  is the number of households.
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In developing countries, the substitution from wood to LPG, natural gas or even electricity significantly
reduces the specific energy consumption for cooking due to the large differences in energy efficiency
(around a factor of 10). If this substitution is considered as an energy efficiency improvement, it will be
accounted for in the energy efficiency index. If the user wants to separate the fuel substitution effect
and exclude it from the index, then Formula (B.11) should be calculated with a specific consumption in
useful energy.

The indicator considered is the specific energy consumption for cooking per dwelling in a household, as

shown in Formula (B.12):

Eck u
— J L
uck,u - N L 12)
hh
where
Ue, 19the indicator value of useful energy consumption for cooking;
E ., idthe useful energy consumption for cooking;

Ny, i9the number of households.

The consumption in useful energy is calculated by multiplying the energy consumption of each fuel
by its averape energy efficiency (e.g. for cooking 45 % for LPG and.gas; 80 % for electricity, 10 %o for
charcoal andl 5 % for wood).

NOTE Ugeful energy is different from the thermodynamic concept of available energy or exergy.

The variati¢gn of the specific consumption in useful energy provides the trend in energy efficiency.
The fuel substitution effect is calculated as the differefice between the annual change in the spegcific
consumptioh in final energy and useful energy.

Figure B.2 provides an example of a sample of Hatin American countries showing that the effect of a
substitutior| from biomass to modern fuels was.the greatest in El Salvador and Paraguay. Substitufions
from biomass to LPG in El Salvador and to, electricity in Paraguay contributed to decrease the spegcific
consumptioh by more than 3 %/year.
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NOTH Source: BIEE[10],

Figugre B.2 — Fuel substitution effect for household cooking in selected countries of Lagin America

B.4.5 Indicators for air cooling and large appliances

For large electrical appliances, including refrigerators, independent freezers, washing machjines, clothes
dryers, dish washers, televisions ‘and air conditioning, an indicator of specific electricity gonsumption
per dppliance is used, shown i Eormula (B.13):

Elax
g =2 (B.13)

where

l is-theé indicator value for electricity consumption of large appliance x;

la,x

K14y, 15 the total electricity consumption for large appliance x;

Ny, is the number for large appliance x owned by households.

NOTE The specific consumption can be corrected for the size of appliances x (e.g. in litre of storing capacity
for refrigerators or freezers) or the intensity of use (e.g. kg of clothes washed and dried per cycle and number of
cycles), so as to get a better indicator of efficiency from a technical point of view. But due to a lack of data, this is

not very common. In that case, Formula (B.13) becomes Formula (B.14):

Elax
- X (B.14)

(N, %P )
lax ™ "lax
where P, , is the size or intensity of use of appliance x.

ula,x
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B.4.6 Indicators for lighting

For lighting, the indicator considered is specific electricity consumption for lighting per household, as

shown in Formula (B.15):

u :Ei (B.15)
It ’
Nhh

where

u,  istheindicator value of electricity consumption for lighting:

E),  igthe electricity consumption for lighting;

Ny, i9the number of households.
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Annex C
(informative)

Examples of explanatory factors

General

ralculation of the activity factor makes use of activity indicators and indicators of sp§

imption. In order to highlight the application possibilities of the general calculat

jded in the core of this document (Clause 7), this annex provides an overview of the m

ators used to calculate the various explanatory factors: activity indicators-to“calculate
tructure effects. The indicators of specific consumption used to calculdteenergy sav
as the ones used to calculate the energy efficiency index, see Annex.B.

€

q

ectors covered are industry, transport, households and services."Agriculture, forestry
Mot included as they generally constitute small sectors in terms of energy use. Ce

ict heating).

types of explanatory factors are considered to explain the energy consumption v
1 sector:

1

q

he activity factor, which assesses the impact on the energy consumption variation of ch
ector’s economic activity;

1
for all subsectors, leading to structurdl.changes that can impact the sector’s consumpt

the energy savings factor comingfrom efficiency improvementsatthelevel of the differen
gdnd energy uses; this factor is.negative as it contributes to a decrease in energy consur

q

ther factors.

annex explains the-calculation of two first factors for each sector. The calculation o
1gs factor is not considered here because its calculation is described in ISO 17742 and i
ed from the secter’s energy efficiency index, as explained in 7.2.4.

1

nding on_the' sector and/or level of disaggregation, other types of explanatory fad
dered that'are sector specific. Examples of other factors are described in C.4.

lecomposition method described in this document uses the Paasches-Laspeyres met

Fation is also included but not the detail of the other energy transformations (e.g.

cific energy
ion method
pst common
the activity
ings are the

and fishery
ntral power
refineries,

iriation of a

anges in the

he structure effect factor, which considéps that, in a sector, the variation in activity is pot the same

on;

tsubsectors
hption;

f the energy
[ can also be

tors can be

hod. It leads

sulbs that are very similar to a decomposition using an LMDI Divisia decomposition!12]
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C.2 Activity factor

C.2.1 Industry

In industry, the activity factor is generally calculated from the value added of the sector, as shown in

Formula (C.1):

F oindre1= (Yind,t Yinde )Xeind,t—l €1
where
F, ind¢.ch1 is the activity factor for industry between t-1 and ¢;
Yina is the total value added of industry;
t is the year of calculation;
t-1 is the year before the year of calculation;
€ind is the total energy intensity of industry, calculated as the energy consumption of indfis-
try divided by the total value added of industry, see Formula (€.2):
e _ Find,t (C 2)
indt / '
ind,t
where E; ; if the total energy consumption of industry.
C.2.2 Trapsport
In transport, the activity factor, as for all the other factors, is usually calculated for passenger trangport
and transp¢rt of goods separately, and is then*added together to get the total for transportl For
passengers, |it is measured from the change(in‘passenger traffic, including air, and for goods, from the
variation of|the traffic of goods.
For passenggr transport, the activity fa¢tor is calculated as shown in Formula (C.3):
Fa,pkm,t, 1- (Apkm,t _Apkm,t—l )Xupkm,t—l (C.3)
where
F, pk- is the agtivity factor for passenger traffic between t-1 and ¢;
m,t,t-1
Apkm iSthe indicator of total passenger traffic for all modes in passenger-km (pkm);
t is the year of calculation;
t-1 is the year before the year of calculation;
Upkm is the energy consumption of passenger transport per passenger-km, see
Formula (C.4):
E
u _ pkm,t (C.4)
pkm,t A
pkm,t
where Ej,;.,, is the total energy consumption for passenger transport.
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