Compilation of Energy Intensity Indicators
Paper prepared for the 6th Oslo Group Meeting on Energy Statistics

Canberra, Australia 2-5 May 2011
Elisabeth Isaksen

Senior Executive Officer

Statistics Norway (www.ssb.no)

Elisabeth.isaksen@ssb.no
Content

21.
Introduction


22.
What is an energy indicator


23.
Why are energy indicators useful?


34.
Energy intensity vs. energy efficiency


35.
What is a ‘good indicator’


46.
Data sources – overview


47.
National indicators


47.1.
Energy use per production value (in constant prices)


57.2.
Energy use per GDP (in constant prices)


57.3.
Energy use per capita


57.4.
Energy use per income


58.
Energy indicators by industries


68.1.
Manufacturing


68.2.
Service industry


78.3.
Primary industries and construction


78.4.
Energy producing industries


88.5.
Transport


108.6.
Households


109.
Different scenarios on energy use


1110.
Decomposition analysis


1211.
Challenges / Improvements


1312.
Work being done on energy indicators


1313.
Previous presentations on Energy Indicators by Oslo Group Members




1. Introduction

There is a growing interest in energy indicators that can shed light on what driving forces lie beneath the development in energy use. This is useful information for policy makers who want to introduce initiatives to limit the growth in energy use, and also to evaluate the effect of initiatives that have already been put in place. Indicators can also be used to predict future development in energy use. In this note I will present some information on energy intensity indicators, and how they can be constructed by combining data on energy use with data on different activity measures.
2. What is an energy indicator 

There exist a lot of publications on energy indicators prepared by different countries and international organizations, and it varies how indicators are defined. In this paper I have chosen to separate between ‘background indicators’ (‘basic statistics’) and energy intensity indicators. Below are some examples:
· Background Indicators (Basic Statistics): Energy use, GDP, Production Value, Population, passenger-km, tonne-km, Income, Number of residence and office buildings

· Energy intensity indicators: Energy use per production value, energy use per value added, energy use per man-hours, energy use per passenger-km etc.

The background indicators consists of both energy use itself and driving forces behind the energy use. Growth in energy use is closely linked to economic growth, the production of goods and services, population buildings and transport. When the production, the number of buildings and passenger and freight transport increases, the energy consumption increases. By combining the background indicators we get indicators for energy intensity. While basic statistics are published regularly at most statistical offices, energy intensity indicators are put together to analyze a development which is not directly observable from the basic statistics.
3. Why are energy indicators useful?

An indicator is a useful tool to:
· Summarize information

· Monitor trends

Energy indicators in specific are useful because they link energy use to relevant activity measures like GDP and Production Value. Energy indicators are a helpful tool for policymaker, and can also be used to predict future development in energy use.

Energy can be used more efficiently, leading to a lower energy-activity ratio. Energy efficiency is desirable for many reasons. Below are some motivation factors for increasing the energy efficiency:
· Reduce the energy consumption

· Reduce emission to air

· Reduce energy expenditures
· Increase self-sufficiency

The interest for energy efficiently increases in periods with shortage of energy and high energy prices. Examples of policy instruments to limit the energy use are stricter energy requirements for buildings, heat recovery, increased focus on public transport, energy branding of electrical devices etc.

4. Energy intensity vs. energy efficiency

Energy intensity should not be confused with energy efficiency. Energy intensity is a measure of how much energy is used compared to a relevant activity measure (for instance GDP). Energy intensity does not automatically say something about how efficient energy is used. The energy intensity of a country depends (among other things) on:

· The structure of the economy (industry based, service based)

· The climate (heating, cooling)

· The landscape (long stretched, compact)

We have to have this in mind when comparing energy intensity across countries.

For a country’s economy the change in energy intensity from one period to another can be illustrated as follows:  ∆Energy intensity = ∆Change in the structure of economic output * ∆Efficiency of energy consuming equipment

5. What is a ‘good indicator’

A good indicator should fulfil some basic requirements. The first requirement is that there should be a clear object or goal of what the indicator is supposed to measure. This is a fundamental question when we want to construct energy indicators. There have to be coherence between the indicator and what we wish to measure. In this paper the focus is on energy intensity. Energy intensity can be measured in terms of energy use per produced unit, energy use per capita, energy use per heated floor area, depending on what it suitable within different sectors and industries. The object of this type of indicators is to measure how efficient we are using the energy, how energy intensity varies across industries and to evaluate the effect of measures initiated by the government to regulate the energy use.

The next question is who are the main users and what are the indicators going to be used for? It is important to make indicators that are actually useful. The most obvious users are the government, statistical offices and international energy authorities.  
For indictors to be useful they have to be user friendly and easy to understand. The indicators have to give clear and updated signals about changes in the development. There is a trade-off between taking into account heterogeneity within the economy by construction several supplementary indicators and sending out too many signals. Indicators are meant to capture long-term trends and changes in the trends, and are not supposed to give full information on the topic. Too many indicators may cause confusion instead of being explanatory and informative. 
The last requirement is international comparability. International comparability gives an indicator greater value as it tells us something about how we are doing relative to others. It is not possible to make all energy indicators international comparable as the quality and availability of energy data differs from country to country, but one should try to seek international comparability when possible.

6. Data sources – overview

Energy indicators are mainly constructed based on secondary sources. For guidelines on compilation of energy balance and energy accounts, see chapter 5 and 6 in ESCM.

Overview:

· Energy accounts

· Total energy use, energy use for different sectors (ISIC), energy use by fuel type

· Energy balance

· Energy use for transport purposes

· National accounts

· GDP in constant prices, Value added in constant prices, Production value in constant prices

· Population, Income, households, persons pr households

· Man-hours, Full-time equivalent

· Other data sources

· Floor area

· Passenger-km travel, tonne-km freight
When we want to measure energy intensity on the basis of economic figures from the National Accounts, like energy use per production value, it is best to use energy use from the Energy Accounts. This is because the Energy Accounts follow the same structure and definitions as in the National accounts (residence principle). This makes energy use and economic figures comparable. The Energy Accounts and the National Accounts usually follow the same industrial classification of industries, like ISIC or NACE 2 
If we, on the other hand, wish to analyse energy use for different purposes, like energy used as feedstock, energy use in buildings, energy use for transport, it can be more suitable to use the energy balance. In the energy balance fuels for transport in the different industries is distinguished from other use. 

7. National indicators

7.1. Energy use per production value (in constant prices)

The production value is the value of all goods and services produced, and in constant prices it reflects changes in volume and quality. There is a close link between energy use and production volume, and it therefore says a lot about energy intensity. It is also a good measure to compare energy intensity across industries. In addition countries often have good data on this production value. If we were to choose one indicator to measure energy intensity in the economy, energy use per production value in constant prices would be a good measure. This indicator is especially suited for analysing energy intensity in industries producing goods.
7.2. Energy use per GDP (in constant prices)

The most commonly used activity measure in energy indicators is perhaps GDP (country) or Value Added (per industry). Value added equals the production value minus the intermediate consumption. The energy intensity will therefore depend not only on the produced output, but on the input in the production process.  GDP is often interpreted as value creation for the country as a whole, and energy use per GDP is therefore often used as an indicator for sustainable development/consumption. 

7.3. Energy use per capita

More people will normally lead to a higher energy use because of more residents, higher demand for electrical appliances, need for more transport, more employees and therefore higher production, especially for the service industry. The indicator also says something about how much energy each capita is consuming compared to other countries. The indicator is easy to understand and user friendly and is especially suited for analyzing energy intensity for households
7.4. Energy use per income
Energy use per income does not measure energy intensity, but captures how much income affects the energy use in a country. This indicator measures income elasticity. The indictor is especially suited for analyzing energy intensity for households

8. Energy indicators by industries
There are a lot of factors that affect the relationship between energy use and activity. Detailed indicators for different industries as well as background information on factors that affect the relationship between energy use and activity are necessary to be able to give a good interpretation of the aggregated indicators for the country as a whole. Structural changes, marked conditions and a general productivity growth are examples of factors that lead to increased production per energy unit and therefore affect the energy intensity.
The national indicators will explain a lot of the development in energy use and energy intensity for a country, but for some sectors and industries it can be necessary to take a closer look.  This is because the national indicators for energy intensity may not be suitable for all industries and sectors (as explained earlier) or we may want to supplement the national indicators in some areas. Some industries are very heterogeneous, and we therefore need to disaggregate them to capture different trends and intensity levels within the group. 

8.1. Manufacturing 
Energy intensity indicators:

· Energy use per production value (excluding and including energy used as feedstock)

· Energy use per physical unit produced (excluding and including energy used as feedstock)

Manufacturing is a big and heterogenic group of industries. It comprises everything from the production of textiles to the production of metals, with a completely different energy need. It is therefore necessary to divide the manufacturing sector into different industries/sub-groups to get a better picture of the energy use and energy intensities.

In the manufacturing industry coal, peat and LPG (liquid petroleum gases) are used as feedstock. This energy is not used for energy purposes, but as an input in the making of chemical raw materials. As the object the indicator is to analyse if the use of energy is becoming more or less efficient, it may be argued that this type of energy use should be excluded when constructing an energy intensity indicator. This also makes the manufacturing sector more comparable to other sectors in the economy. Changes in energy used as feedstock are primarily due to changes in the production level, and not a result of energy saving/energy efficiency. Energy use as feedstock is on the other hand just as much an energy need, so including all energy will also be interesting when presenting energy indictors.

[image: image1.emf]Energy use per production value. Excl. energy used as feedstock. 1990-2009
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8.2. Service industry

Energy intensity indicators:

· Energy use per production value in constant prices

· Energy use per employed

· Energy use per man-hours

· Energy use per (heated) floor area

Most of the energy in the service sector is used for things like lighting, heating (cooling), electric devices, water heating etc. This means that the energy use to a less extent than for instance manufacturing depends on the actual production. More relevant activity measures may therefore be the number of employed, man-hours and floor-area. 

The indicator energy use per (heated) floor area will monitor the development in energy intensity in buildings. Combining energy use in buildings in the service sector with heated floor area may be a bit more difficult to get reliable and comparable data on. The indicator may be constructed with data from a sample survey where both energy use and (heated) floor area is included

The energy use in the service sector should me climate adjusted to secure a comparable time series. Methods on climate adjustment should therefore be included in the ESCM.

[image: image2.emf]Energy indicators for the service industry. Index 1990=1.
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8.3. Primary industries and construction

Energy intensity indicator:

· Energy use per production value

· Energy use per physical unit
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8.4. Energy producing industries

Energy intensity indicators:

· Energy use (excl. flaring ) per production value

· Energy use (excl. flaring) per physical unit

In publications on energy indicators and analysis on energy efficiency there is often very little focus on energy intensity in the energy producing industries. For instance energy use in energy producing industries is not included when calculating the share of renewable energy according to a new renewable energy directive from the EU (2009). However, energy industries account for a large share of the total energy use and also GHG-emissions in some countries. In Norway the extraction of crude oil and natural gas accounts for almost 1/4 of the total energy use in the economy. It is therefore important, both from an energy efficiency perspective and an environmental perspective to take a closer look at this sector.
In the extraction of oil and gas on the Norwegian continental shelf large amounts of gas are flared off. This is not energy used for energy purposes. In addition flaring can vary a lot from year to year independent of the production activity. If the object is to measure energy intensity and energy efficiency, it can be argued that flaring should be excluded from the energy use.
[image: image4.emf]Extraction of crude oil and natural gas. Energy use, production and energy intensities. 
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8.5. Transport

Energy intensity indicators:

· Energy use per passenger-km

· Energy use per tonne-km

Until now we have looked at the different industries accoring to the structure in the  Energy Accounts and the  National Accounts, which is again based on ISIC. When we take a closer look at transport there are two different approches:
(1) Energy used in transport industries  

(2)  All energy used for transport purposes 

Energy use in transport industries (1) follow the structure in the Energy Account and National Account, which is again based on ISIC. This approach is suitable if we wish to link energy use to economic figures like value added and production value. Another approach is to look at energy used for transport purposes (2). This aggregate will follow the structure in the Energy Balance, but will go across different ISIC-industries. This approach might be useful as it captures all transport and also makes it easier to link energy use with the actual transport of passengers and goods.  

Energy used for transport purposes is a major contributor to total energy use and to GHG emissions. The energy use heavily depends on the actual length of km and passenger or freight transported. Tonne-km and passenger-km is therefore more suitable activity measures then economic figures when making energy efficiency indicators for transport. 

Challenges:

· Comparable aggregates.

· Split energy use into passenger and freight transport vs. construct a weighted index of the two transport measures

The ESCM should provide descriptions of methods to construct a weighted index of the two transport measures as well as advice on how to split energy use into passenger and freight transport

	Variable
	Data source

	Energy use
	Energy Balance

	Passenger-km
	Division for transport statistics (survey, calculations ,++)

	Tonne-km
	Division for transport  statistics (survey, calculations ,++)


[image: image5.emf]Energy use for transport purposes, passanger-km and 
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8.6. Households

Energy intensity indicators:

· Energy use per capita

· Energy use per household

· Energy use per income/consumption

· Energy use per (heated) floor area

Other energy indicators:
· Appliance ownership

Sources: 
· Household survey 
· Energy balance
Important things to considerate:
· Temperature

· Prices

9. Different scenarios on energy use
Increased activity and economic growth are the most important explanations to changes in total energy use in the economy. However, as we have explained earlier changes in the structure as well as changes in energy intensities also have a significant effect of the energy use. It is therefore interesting to see how energy use would have developed if for instance there had been no structure changes in the economy and no changes in energy intensities. By holding 2 out of three variables constant at the basis year level, we can see how energy use would have developed over time. 
[image: image6.emf]Development in energy use. 
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About the method

The results will depend on what we use as an activity measure and as a measure of structure
A common approach is to use GDP or production value as measures of activity and the different industries share of GDP or production value as a measure of structure. 
Scenario 1: Only allow the activity to change
Et = At * ∑ i,t (Si0 * Ii0)

Scenario 2: Only allow the structure to change
Et = A0* ∑ i,t (Sit* Ii0)

Scenario 3: Only allow the energy intensity to change
Et = A0 * ∑ i,t (Si0 * Iit)

To convert to index-form take Et / E0
E0 = Energy use in basis year 

Et = Energy use in year t
A0 = the Activity level (GDP or production value) in basis year
At = the Activity level (GDP or production value) in year t
Sio = Output share of sector i in basis year (structure)

Sit = Output share of sector i in year t (structure)
Iio = Energy intensity of sector i in basis year
Iit = Energy intensity of sector i in year t 
0 = Basis year
t = Year t
i = Industry
10. Decomposition analysis

To capture the different effects of changes in the activity, structure and industry intensities on energy use it is necessary to use a decomposition model. By using a decomposition model it is possible to identify:

· The activity effect 

· The structural effect

· The intensity effect
In the joint publication by IAEA (among others) Annex 4 presents a decomposition model: http://www-pub.iaea.org/MTCD/publications/PDF/Pub1222_web.pdf
The analysis is based on the Laspeyres index method. The different effects are calculated in the same way as presented in the section above on ‘scenarios’, but taking the percentage change from base year to year t. This method has a weakness as it does not take into account the interaction among the other factors in the decomposition. This means that the changes in the decomposition factors do not necessarily always add up exactly to the changes in energy use. According to the publication, the residual term is usually relatively small compared to the effects of the other factors.

However, when writing the ESCM a decomposition model taking into account the residual term should be described. It can be argued that the residual term can be significant and that the estimate of the impacts of structure and intensity changes given by the model could be quite different from those given by other decomposition methods. The residual term tends to be large when changes in structure and/or energy intensity variables are significant. 

Below is another way of calculating the different effects that takes into account the interaction among the other factors in the decomposition:
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This is an exact decomposition where Structural effect (Satre) = 3 (85 k) + (12)F (& S & ) and Intensity efiect (e = (Sl
1) + (1/2)5(8 St & k). Here:

T + Bk, o Energy intensity of sector i in yeart and 0, respectively
Sio + 8¢, Sio = Output share of sector i in yeart and 0

s = S-S0

Bk = el

The first term of Eq. 1 indicates the contribution of change in energy intensity in sector i The second term represent the contribution
of changes in sectoral share of sector i, while third term indicates the interaction between both factor changes in sector i

In the decomposition approach, changes in energy consumption between the base year and year tis influenced by actiity (GDF),
intensity and structure effects as given

AE, = E+E,
=T(AASLISASL
SASALFT(AA, AS, L)+
S(AASALFT(AA, AL+
T(a4, A8, AL)
= GDP #S .t

This is an exact decomposition where:

The activity effect (GDP,,,) =S (A4, S, L)+
(I2)TAA, (SAL +ASI )+ @
(13)T(AA, A SAL)

The structural effect (S 4,,) = T(A,AS,L )
()T, (AL + 84, L) ®
(134, 25,AL,)

The intesity effect (,q,.) T= (A,5,AL )+
(1/2) TAL, (A,A S, #AA S, )+ )
()T (AS, 1)

Where.

ELE = Total energy used in yeart and 0 (base year)

lo+Ble ke = Energy intensity of sector iin year t and 0, respectively

S+hS,

- = Stands for output share of sector i in year t and 0 =~
o o Inernet 3 c

AFutr




Source: 

A Futuristic View of Change in Energy Consumption and Related Energy Intensity in Bangladesh Using Complete Decomposition Model (CDM) by Shaikh Khosruzzaman, M. Ali Asgar, Naimul Karim and Shawkat Akbar. Research Journal of Applied Sciences, 2010
http://www.medwelljournals.com/fulltext/?doi=rjasci.2010.78.84#e2
The ESCM should provide a description of different method used to indentify the different effects, and preferably methods that take into account the interaction among the other factors in the decomposition.
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11. Challenges / Improvements
Secure comparable aggregates

In general securing comparable aggregates for energy use and the activity measures (production value, value added, man-hours, floor area, passenger-km etc.) is a challenge. A transparent and clear coding system which in international comparable (for example ISIC) should be used

Lack of data sources or reliable data on energy use in buildings

This is however a prioritized area for the government and Statistics Norway (new building survey for service sector, energy labelling of buildings)

Climate adjusted temperature use

In general energy use that varies with the temperature should be climate adjusted to secure comparable times series. Methods for temperature adjustments should be described in the ESCM.
Moving average instead of annual numbers

Avoid the problem of one extreme basis year influencing the per cent change for the period as a whole

12. Work being done on energy indicators

· IEA 

· Compilation of country practice

· Database

· Publications

· Eurostat

· Publications

· ODYSSEE – network

· Database

· Publications
13. Previous presentations on Energy Indicators by Oslo Group Members

· Energy indicators: Objective, methods and results by Peter Dal, Denmark (Oslo, 2006)

· http://og.ssb.no/ogmeetings/firstmeeting/agendafirstmeeting
· Indicators for Sustainable Energy Development in Mexico by Roberto Lopez, Mexico (Oslo 2006)

· http://og.ssb.no/ogmeetings/firstmeeting/agendafirstmeeting
· Energy efficiency indicators by Chris Bryant, United Kingdom (Oslo 2006)
· http://og.ssb.no/ogmeetings/firstmeeting/agendafirstmeeting
· Monitoring Energy efficiency in Poland by Szymon Peryt, Poland presented (Delhi, India 2007)
· http://og.ssb.no/escmmainpage/countrypractises/poland_new_delhi.ppt/file_view?portal_status_message=File%20changes%20saved.
· Introduction to Energy Efficiency Indicators by Jean-Yves Garnier, IEA (Mexico, 2008)

· http://unstats.un.org/unsd/energy/Workshops/mexico2008/Presentations/Session%207%20-%20Energy-Efficiency-Indicators%20IEA.pdf
� See the following paper for more details: 


Energy decomposition analysis: IEA model versus other methods, 


Department of Industrial and Systems Engineering, National University of Singapore, 2006





� HYPERLINK "http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V2W-4K9C5NB-1&_user=826904&_coverDate=03%2F31%2F2007&_rdoc=1&_fmt=high&_orig=gateway&_origin=gateway&_sort=d&_docanchor=&view=c&_acct=C000044705&_version=1&_urlVersion=0&_userid=826904&md5=8722fb04053e9d7ac3cbeef6f57d207c&searchtype=a" ��http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V2W-4K9C5NB-1&_user=826904&_coverDate=03%2F31%2F2007&_rdoc=1&_fmt=high&_orig=gateway&_origin=gateway&_sort=d&_docanchor=&view=c&_acct=C000044705&_version=1&_urlVersion=0&_userid=826904&md5=8722fb04053e9d7ac3cbeef6f57d207c&searchtype=a�
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