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Households and industries use energy sources such as 
electricity to provide goods and so-called end-use services 
that result in higher levels of economic productivity. Ener-
gy efficiency is measured as the ratio between the useful 
output of the end-use service and the associated energy 
input. In other words, it is the relationship between how 
much energy is needed to power a technology (for exam-
ple, a light bulb, boiler, or motor) and the end-use service 
(for example, lighting, space heating, or motor power) that 
the technology provides. 

Improving energy efficiency is a means to an end; it is not 
an end in itself. The value of energy efficiency policies can 
be measured by the social, economic, and environmental 
benefits that they bring. Improved efficiency is an important 
means of addressing the cost, availability constraints, and 

environmental impacts of energy use and production. Yet the 
real benefits often come from improved service outcomes: 
faster journeys, better health from warmer homes, and 
higher industrial productivity and product performance. 

In places where the energy needs of consumers are al-
ready met, efficiency improvements primarily translate into 
reduced demand for energy and reduced costs, which 
can improve competitiveness. On the other hand, many 
developing countries cannot meet the energy demands of 
consumers; in places like these, improvements in energy 
efficiency are critical to providing more-reliable service 
and increasing productivity. Both aspects of efficiency— 
reduced energy demand and improved service value—are 
essential for wealth creation and social development.

Measuring and tracking the rate of improvement of energy efficiency in the global energy mix poses various definitional and 
methodological challenges—chief among them:

 } Finding a single headline measure of energy efficiency despite its multidimensional nature

 } Dealing with the fact that headline measures of energy intensity are, at best, imperfect proxies for underlying   
 energy efficiency

 } Deciding whether to measure economic output in terms of market exchange rate or purchasing power parity

 } Deciding whether to measure energy input in terms of primary or final energy.

Those challenges are considered individually in the four subsections that follow.

CHAPTER 3: energy efficiency 
This chapter proposes a framework for understanding energy efficiency trends, integrating 
the current approaches to energy efficiency of various international agencies and national 
institutions, and establishing a methodology to determine the starting point against which 
future improvements in energy efficiency can be measured at the global and national levels. 
The chapter begins by identifying the methodological challenges of defining and measuring 
energy efficiency. After mapping a conceptual framework to address these issues, it goes 
on to review available global databases and to examine the extent to which those data-
bases can be used to address the methodological issues raised.

SECTion 1: METHODOLOGICAL CHALLENGES IN 
DEALING WITH ENERGY EFFICIENCY
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Figure 3.1  Pyramid of energy efficiency indicators

source: Martin and others 1995; IEA 1997; Phylipsen 2010.

Multidimensionality 
Energy efficiency is most accurately expressed in terms of 
the relationship between energy inputs and end-use out-
puts at the level of individual technologies and processes 
(as represented by the base of the pyramid in figure 3.1). 
An example of an indicator of such “process efficiencies” 
would be units of energy input per ton of steel produced 
in a particular type of steel mill using a particular quality or 
type of input material and industrial process. 

Operationally, however, such precise indicators present 
problems as benchmarks for energy efficiency, particularly 
for comparative analyses across countries. First, few coun-
tries, if any, consistently track detailed information across 
the full spectrum of energy use in their economies, and, 
even when they do, it is often not possible within a plant 
to define exactly how much energy is flowing into differ-
ent processes. (Issues relating to industrial confidentiality 
pose additional challenges when trying to collect disag-
gregated data.) Second, even if such data were available, 
they would comprise a huge number of process-level in-
dicators with different metrics that could not ultimately be 
aggregated, or, if they could be aggregated, would not be 
very informative in evaluating a country’s overall progress 
on energy efficiency. In fact, owing to the interactions be-

tween energy processes and the different metrics used to 
measure efficiency, the overall energy efficiency of a coun-
try will not necessarily equal the average efficiency of the 
component processes.

To address this problem, aggregate indicators and meth-
odologies have been developed (represented by the high-
er tiers of the pyramid shown in figure 3.1). Subsectoral 
indicators trace the relationship between energy input and 
physical or service output in an industry or subsector. This 
is done for energy-intensive products (for example, steel, 
cement, pulp and paper) regardless of the differences in 
the process used among factories. For the residential sec-
tor, indicators typically track energy used per household 
and per unit of floor space as well as for each end-use 
(for example, space heating and cooking). For transport, 
indicators include energy per traffic unit (such as passen-
ger kilometers and ton kilometers). At an even higher level 
of aggregation, sectoral indicators measure the relation-
ship between energy input and associated output in one 
broad sector of the economy, such as industry or agricul-
ture. Finally, the highest level of aggregation measures the 
relationship between energy input and the output of the 
economy as a whole.
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(Energy balances)

Top-down (national 
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Top-down
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 energy, use, structure

Surveys of users and
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Intensity versus efficiency

1  There appears to be an upper limit to car ownership and usage. Policy matters, but it does not cancel out the effect of increased car ownership and usage as  
 incomes increase.

Box 3.1 Understanding what drives change in aggregate variables 

Changes in energy demand in an economy or sector are influenced by multiple driving forces, including 
changes in:

 } Activity or output. Demand for energy rises with increases in industrial output, the number of people  
 needing housing, or the volume of passengers and distances travelled in the transportation sector. 

 } Structure. Larger houses and sparser occupancies increase household energy intensity indepen- 
 dent of changes in population; decreases in steel production or increases in financial services lower  
 the energy intensity of the economy as a whole; shifts in transport modes (for example, from public 
  or nonmotorized transport to private cars, or from trains to trucks) alter transport energy consumption.

 } Fuel type. A shift from wood to electricity, for example, alters energy demand. 

 } External/explanatory factors. Cold weather affects the quantity of energy used for residential space  
 heating; changes in income and lifestyle affect consumer preferences, travel, and the use of appliances. 

 } Technical efficiency. Managerial or technological changes—such as better insulation, process   
 improvements in industry, or innovations in automotive technology—affect the demand for energy.

As one moves up the pyramid in figure 3.1, the higher de-
gree of aggregation across economic activities makes it 
increasingly difficult to measure output in physical terms 
(for example, tons of steel or units of floor space). Instead, 
output is typically measured in monetary units as the value 
added of a specific economic sector. 

Such value-based measures are typically measured in 
terms of megajoules (MJ) per U.S. dollar of value added 
and are technically measures of energy intensity rather 
than energy efficiency. Energy intensity is at best an im-
perfect proxy for energy efficiency. This is because energy 
intensity is affected not only by changes in energy demand 
but also by shifts in the components that comprise the 
denominator of that ratio, which may have little to do with 
energy efficiency. For example, a country that moves rap-
idly from subsistence agriculture to industrialization would 
experience a change in the structure of the economy to-
ward more energy-intensive activities rather than a shift in 
energy efficiency per se.

Energy intensity may also be affected by other factors, 
such as demographic changes, weather variation, fuel-use 

shifts, and the overall level of activity in the economy. For 
example, as national income increases, so does car own-
ership and car usage,1 a structural change that has a signif-
icant effect on energy intensity even if the fuel consumption 
of individual automobiles is no higher than before (and may 
even have improved). Several decomposition methods 
can help to capture changes in the drivers of energy de-
mand and thus to isolate the changes in energy efficiency 
(Ang and Choi 1997; Baksi and Green 2007) (box 3.1). 

Despite its limitations, energy intensity has traditionally 
been used as a proxy for energy efficiency when making 
international comparisons owing to the limited availability 
of disaggregated data and the multidimensional nature of 
energy efficiency. 

Energy intensity measures are ratios; trends represent the 
rates of change of those ratios. Therefore, small changes 
in either the numerator or denominator of energy intensity 
measures can result in significant shifts in year-to-year 
trends. The volatility of data trends from one year to the 
next can make tracking the evolution of energy intensity 
difficult.
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A decomposition analysis is typically used to break down the change in an aggregate variable, like energy 
demand, into its driving factors. Several methodologies can be used for such an analysis, including the Divi-
sia-based and Laspeyres-based methods. Since decomposition is a series expansion truncated at first order, 
a residual usually remains that captures higher-order terms. Most of the methods based on the Divisia index 
have the advantage of being “residual free,” which comes at the expense of an arbitrary attribution of interac-
tion terms. For the purposes of global tracking, the logarithmic mean Divisia index I (LMDI I) method will be 
used both because it is practical and because it is already widely used to assess energy efficiency progress. 

The Divisia index was devised by François Divisia and first published in the Revue d’économie politique in 
1925 (Divisia 1925). Divisia initially used the index to determine the variable in the equation of exchange. Its 
application to energy analysis was pioneered by Boyd, Hanson, and Sterner (1988).

Source: Authors.

Market exchange rate versus purchasing power parity

Box 3.2 Purchasing power parity

Purchasing power parity (PPP) adjustments are calculated by the International Comparison Program at the 
World Bank using data from surveys undertaken every five years. A total of 180 countries participate in the 
surveys. 

PPP estimates are developed by interpolation for countries that do not participate in the surveys and for years 
during which surveys are not conducted. For nonparticipating countries, the PPPs are estimated using a price 
level index adjustment that computes the relative size of the economies in terms of gross domestic product 
(GDP), imports, and exports in U.S. dollars. PPP series are updated in years between surveys using the most 
recent nominal GDP and relative GDP deflators (accounting for the rate of inflation) between the country and 
the United States since the last PPP value was calculated. The current PPP series in use is from the 2005  
survey, and the next update will be released in 2013, based on the survey done in 2011. 

In terms of projections, the International Monetary Fund forecasts country-level annual real GDP through 2017 
in the World Economic Outlook. That report (IMF 2012) uses PPP adjusted values and weights for country 
comparisons and regional aggregations. 

Source: World Bank International Comparison Program; IMF 2012; UN 2012.

Another difficulty associated with international compari-
sons of value-based measures of energy efficiency is that 
of determining a suitable value measure of output. In par-
ticular, value added can be expressed either in terms of 
market exchange rate (MER) or purchasing power parity 
(PPP). MER measures simply convert the value of output to 
a common monetary metric based on standard exchange 
rates. The drawback to this approach is that price levels 
vary significantly across countries, and prices of locally 

produced goods tend to be systematically higher in high-
er-income countries. As a result, MER measures may un-
dervalue output from lower-income countries and therefore 
overstate energy intensity. But PPP measures are not as 
readily available as MER measures because the associ-
ated correction factors are updated only every five years 
(box 3.2).



138Global tracking framework

Primary versus final energy

Just as energy intensity measures are affected by the mon-
etary unit used to capture the value added of output, they 
are also affected by the way that energy consumption2 is 
measured. Specifically, energy consumption can be mea-
sured either in terms of primary or final energy.3 The use of 
primary energy as a measure requires selecting a meth-
od of accounting for nuclear, hydro, and other renewable 
sources of energy for which there is no distinct process of 
converting final energy (outputs) to primary energy inputs.4 

When energy intensity is tracked at the primary energy 
level, efficiency improvement trends and potential can 
be analyzed on both the supply side and the demand 
side. On the supply side, the conversion from primary 
energy (such as coal) to final energy (such as electricity) 
can be captured. On the demand side, the conversion 
from final energy (such as electricity used by applianc-
es) to useful energy (such as light and heat) can be 
captured. If only final energy is tracked, the analysis will 
miss the potential for improvements on the supply side, 
which could be significant for developing countries. Fur-
thermore, analysis at the primary energy level can also 

capture much of the traditional (that is, noncommercial) 
energy that accounts for a significant share of energy 
demand in lower-income countries. 

While it may make sense to use primary energy for high-
ly aggregated measures of energy intensity, it is less 
useful for measuring energy intensity at the sectoral 
or subsectoral level. For example, it would be difficult 
to interpret the results of an analysis that uses primary 
energy measures to gauge the energy intensity of the 
residential sector, because this would confound the ef-
ficiency of energy conversion and transformation in the 
electricity and heating supply sector (which supplies en-
ergy to residential buildings) with the efficiency of ener-
gy used within the buildings for end-use services (such 
as space heating, cooling, and lighting).

2  Though technically energy cannot be consumed, in this report the term energy consumption means “quantity of energy applied”, following the definition in ISO  
 50001:2011 and the future standard ISO 13273-1 Energy efficiency and renewable energy sources - Common international terminology Part 1: Energy Efficiency.

3  Final energy can also be expressed in primary terms through the use of dynamic and country-specific conversion factors. This approach is proposed in the ISO  
 standard “Energy Efficiency and Savings Calculation for Countries, Regions and Cities,” currently under development (ISO/TC257). Given the objectives of the UN  
 SE4ALL Global Tracking Framework, data availability issues, and the arguments presented in this section, final energy in primary terms is not used in this report to  
 calculate sectoral intensities. For further discussion on the use of primary or final energy accounting, see the section on methodological issues in chapter 4.

4   As explained further in this chapter, primary energy supply data from the International Energy Agency, which employs the physical energy content method, will be used. 
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Suggested methodology for defining and measuring energy efficiency

While it is not possible to fully resolve all of the challenges outlined in the preceding section, SE4ALL’s preferred meth-
odological approach is outlined in table 3.1.

Challenge Proposed approach

The multidimensionality of energy efficiency

Track global performance on energy intensity while also 
tracking the energy intensity of major economic sectors 
and the efficiency of the energy industry.

Move toward better tracking of targets, policies,  
institutions, and investments.

Intensity versus efficiency

Track energy intensity for countries and major regions 
and blocks. Where feasible, complement that tracking 
with decomposition of changes in energy demand to 
strip out structural effects.

Market exchange rate versus purchasing power parity
Track energy intensity using the purchasing power parity 
measure to capture the value-added of economic output.

Primary versus final energy 
Track global energy intensity in terms of total primary 
energy supply and sectoral energy intensity in terms of 
final energy consumption.

Volatility of efficiency measures Track a five-year moving average trend.

 Table 3.1  ADDRESSING METHODOLOGICAL CHALLENGES IN THE  
GLOBAL TRACKING OF ENERGY EFFICIENCY

source: authors. 

The headline indicator proposed here as a proxy for energy 
efficiency in global tracking is the compound annual growth 
rate of energy intensity at the national level. Energy intensity 
is measured as the ratio of total primary energy supply5 to 
the value-added of the economy measured in terms of pur-
chasing power parity to ensure a fairer comparison of en-
ergy intensity across developed and developing countries.

To address concerns about the year-to-year volatility of en-
ergy efficiency measures, energy intensity is calculated as 
the compound annual average growth rate for the 20 years 

between 1990 and 2010, which is the longest time series 
of data available for this purpose. Going forward, five-year 
moving averages will be tracked. 

To get as close as possible to measuring the underlying 
changes in energy demand, the headline indicator is  
accompanied by a decomposition exercise of changes 
in final energy consumption that distinguishes between 
activity, structure, and underlying efficiency effects.6 The 
proposed methodology uses the logarithmic mean Divisia 
decomposition (LMDI I) method for each country.

5  Total primary energy supply is defined as “indigenous production + imports – exports – international marine and aviation bunkers +/- stock changes. It is equivalent  
 to total primary energy demand, and represents inland demand only and, except for world energy demand, excludes international marine and aviation bunkers”  
 (IEA). As discussed later, energy statistics used to calculate indicators in this chapter come primarily from the International Energy Agency. Hence, IEA terminology  
 and definitions are generally used for these variables. When referring to final energy consumption, the equivalent IEA indicator is total final consumption (TFC). 

6  Decomposition analysis can also isolate fuel-switching effects, mainly electrification. This was not done in the analysis presented here, however, owing to data constraints. 

7  Owing to data limitations, this report groups transport, residential, services, and others into “other sectors.” The medium- and long-term methodology will consider  
 these sectors separately.  

8  For this analysis, transformation losses in oil production are considered negligible and will not be tracked. 

9  These include iron and steel, cement, chemicals and petrochemicals, aluminum, pulp and paper, and fertilizers (provided there are sufficient data for tracking). 
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To give a more nuanced picture of energy efficiency trends, 
the headline indicators are complemented with indicators 
of the energy intensity of three end-use sectors (agricul-
ture, industry, and “other sectors”7) and two energy supply 
sectors (electricity and gas8) along with the specific energy 
consumption of select energy-intensive products.9 In addi-
tion, the suggested methodology tracks national targets, 
policies, institutions, and investments in energy efficiency. 

For demand-side sectors, the methodology uses energy 
intensity measures based on the ratio between final ener-
gy consumption (expressed in joules) and a measure of 
the scale of the sector. Finding a suitable measure for the 
scale of the sector can be challenging. But its economic 
value can be captured through global statistics on sectoral 
value added. 

Value added is clearly defined only for industry and ag-
riculture. For “other sectors,” a category that includes 
transport, some activities related to the residential sector, 
services, and other residuals, value added is less clearly 
defined.  Indeed, grouping transport, which has a high en-
ergy intensity, with services, which has a low energy inten-
sity, may not be very meaningful and may complicate the 
interpretation of results for this category, but the decompo-
sition analysis can at least give some insight into structural 
changes occurring in better-defined sectors. 

Ideally, it would be desirable to report separately on the en-
ergy intensity of the residential and transport sectors. In the 
case of the residential sector, energy consumption would 
ideally be normalized against the number of households or 
the size of residential housing units in square meters. Sim-
ilarly, energy consumption in the transport sector would 
ideally be normalized against freight and passenger traffic 
volumes. Unfortunately, because none of these variables 
is widely available, it is not possible at present to report 
separate energy intensity measures for the residential and 
transport sectors.

Overall energy efficiency in the supply sector is captured 
by the ratio of final energy consumption to total primary 
energy supply. This is a practical indicator, and the data are 
typically available in country energy balances. While this 
indicator can be useful for tracking progress in supply-side 
energy efficiency within a country, caution is required in a 

global or regional comparison because the indicator is dis-
torted by resource-endowment factors. In a country with a 
significant hydroelectric sector, for example, primary energy 
and delivered energy are more directly related, while a coun-
try rich in geothermal energy will have a lower ratio owing to 
the low thermodynamic quality of the primary resource. 

It is very difficult to determine how much primary energy 
is needed per unit of final energy or end-use output. The 
electricity system is dynamic, with changing dispatch, 
outages, and utilization factors. It is not practical to pro-
cess real-time generator data for indicators, and the use 
of transformation efficiency assumptions obscures the real 
changes that occur. Efficiency indicators that focus on the 
supply system itself are therefore more informative for sup-
ply-side decision makers. It is thus more effective to treat 
the supply side as separate from the demand side for in-
dicator analysis.

Supply-side energy efficiency indicators measure the ef-
ficiency of thermal plants in converting primary energy 
sources—such as coal, gas, and oil—into electricity. They 
are calculated by dividing gross electricity production from 
electricity and cogeneration plants by total inputs of fu-
els into those plants. Whether market-based or privately 
owned, self-generating plants that do not export their pow-
er should be included in the index assessment. In the case 
of cogeneration plants, fuel inputs are allocated between 
electricity and heat production in proportion to their shares 
of the annual output. 

Transmission and distribution (T&D) losses measure pow-
er lost in the transmission of (high-voltage) electricity from 
power generators to distributors and in the distribution of 
(medium- and low-voltage) electricity from distributors to 
end-users. T&D losses are represented as a percentage 
of gross electricity production. They include both techni-
cal and nontechnical (or commercial) losses. Included in 
the latter are unmetered, unbilled, and unpaid electricity, 
including theft, which could be significant in developing 
countries. Aggregate T&D system indicators may be dom-
inated by factors other than losses. The location of primary 
energy resources (such as hydro lakes and coal seams) 
and large loads (cities and industries) may be more signifi-
cant factors in T&D efficiency indicators than the losses 
or efficiency of the transmission system itself. Properly 

10  This makes the definition of sectors consistent both in the numerator and the denominator of the intensity calculation. The World Bank’s World Development Indicators 
  (WDI) database considers all of the items classified under the International Standard Industrial Classification (ISIC) 3, including the value of energy for own use, as  
 value added in industry. Therefore, own use of energy by industry (as reported by IEA) was added to the sector’s consumption. This excludes nonenergy uses (such  
 as feedstocks and methanol production). Similarly, energy use in the WDI sector labeled “services” is calculated by adding the consumption of the EIA sectors listed  
 as “services,” “residential,” “transportation,” and “other nonspecified.”
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separating true losses (and hence the efficiency poten-
tial of transmission systems) from exogenous location 
and scale factors and nontechnical losses would re-
quire detailed studies of system-dynamic interactions 
and real operating requirements that are not practical 
for global tracking purposes.

For gas supply, the efficiency indicator is based on the ra-
tio of losses to primary energy supply using data available 
from national energy balances.

Global databases for setting the tracking framework 
A number of agencies have historically collected dis-
aggregated data on sectoral—and sometimes subsec-
toral—measures of energy intensity and energy efficiency, 
although these focus primarily on the developed countries 
of the Organisation for Economic Co-operation and Devel-
opment (OECD) (box 3.3). 

At present, disaggregated data are available for few devel-
oped countries. Therefore, when constructing energy inten-
sity indicators for a wide set of countries, it is necessary to 
analyze base sectoral and end-use energy and activity data. 

Table 3.2 summarizes the available databases that are 
consistent across countries and time, three of which are 
in the public domain (IEA; the World Bank’s World Devel-
opment Indicators; and UN Energy Statistics). The table 
also includes ODYSSEE, which, although limited in country 
coverage, exemplifies the extent to which energy efficien-
cy indicators can be constructed provided that there are 

sufficient data.

Box 3.3 Overview of existing data sources for energy efficiency indicators

A number of different agencies are doing important work on developing energy efficiency indicators.  In gen-
eral, these efforts either cover a relatively small number of countries in great depth (e.g. ODYSSEE-MURE) or 
a large number of countries at a much higher level of aggregation (WEC). While all these sources are relevant 
and useful for global tracking, none of them are directly suited in their existing form.

The International Energy Agency’s (IEA’s) energy efficiency indicators start from the top of the energy efficiency 
indicator pyramid (recall figure 3.1) and cover as many aggregation levels as possible. The IEA makes efforts 
to deepen the coverage of energy efficiency indicators to lower levels of disaggregation in OECD-IEA member 
countries. At lower aggregation levels, data availability limits the number of countries for which detailed indi-
cators can be developed to ever-smaller subsets of IEA member countries. The exception is a special effort 
undertaken for the 2012 World Energy Outlook (WEO), which includes energy efficiency analysis for 25 large 
countries and global subregions. 

The ODYSSEE-MURE Project, under the Intelligent Energy Europe Programme of the European Commission, 
is one of the most ambitious attempts to produce subsectoral and process-level indicators on energy efficien-
cy. It focuses on the 27 EU member states plus Norway and Croatia. 

Through bilateral support—such as the assistance that ADEME (the French Agency for Environment and Ener-
gy Management) has provided to several developing countries, and the efforts of individual countries (for ex-
ample, China, India, Mexico, South Africa, Turkey, and Vietnam)—Enerdata provides relatively good coverage 
of sectoral-level energy intensity indicators for 184 countries worldwide, but these are proprietary.

The World Energy Council (WEC), with technical support from ADEME/Enerdata, maintains a database of 
global energy efficiency indicators focusing on a small set of aggregated indicators. The WEC effort covers 
the entire world at a regional level but provides only relatively aggregated efficiency indicators; this level of 
aggregation is indicative of what can currently be achieved for most developing countries without substantial 
additional effort and local involvement. It is important to note that efforts are under way to expand the countries 
included in the WEC’s database. 
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The Asia Pacific Economic Cooperation, through capacity building activities on energy efficiency indicators organized 
by its Energy Working Group, has been forging collaboration and information sharing among its member economies. 

Additionally, information is collected by various other agencies, including the World Bank, the U.S. Department 
of Energy’s Energy Information Administration (EIA), the UN Industrial Development Organization (UNIDO), 
and other UN agencies. National energy agencies also collect data as part of their routine work, but these are 
limited in scope by coverage (either by country or sector) and often are based on differing methodologies. As 
a result, care must be taken when using these inputs as part of a tracking framework.

EnERGY DEMAnD oTHER VARiABLES

Source
Primary  

or  
secondary

Period 
covered

Number of  
countries 
covered

Sectoral: 
Sectors (# of 

countries)

Subsectoral: 
Subsectors  

(# of countries)

Sector  
value added

Transport activities 
(# of countries)

Household data 
(# of  

countries)

International 
Energy  
Agency (IEA)

Primary 1971–2010 138

Industry,  
agriculture,  
services, 
residential, 
transport, 
fishing, and 
forestry (138)

13 industry 
subsectors, 6 
transport  
subsectors for 
(138)

— —
Building  
characteristics 
(29)

UN Energy 
Statistics

Primary 1950–2009 Over 200

Industry,  
agriculture,  
services, 
residential, 
transport  
(over 200)

3 industry  
subsectors, 5  
transport  
subsectors   
(over 200) 

— — —

World Bank, 
World  
Development 
Indicators 
(WDI)

Primary 1980–2011 — — —

3 sectors 
(agriculture, 
industry, 
services)

Air transport, 
freight in million 
ton-km (169); Air 
transport, passen-
gers carried (169); 
railways, goods 
transported in 
million ton-km (88) 

Household  
final  
consumption 
(172)

Enerdata Secondary 1970–2010 184

Industry (181), 
agriculture 
(135), services 
(167), resi-
dential (184), 
transport (184)

13 industry 
subsectors 
(16–61) 4 
transport 
subsectors 
(87–184)

3 sectors 
(industry, 
agriculture, 
services)

—
Private  
consumption 
(134)

ODYSSEE Primary 1990–2010 29

Industry, 
agriculture, 
services, 
residential, 
transport (29)

16 industrial 
subsectors, 
9 transporta-
tion modes, 
4 household 
end-uses, 5 
appliances, 
6 branches 
services, 1 
agriculture 
sector (29)

3 sectors 
(agri-

culture, 
industry, 
services)

Traffic, annual 
distance travelled, 
and stock of 
vehicles by mode 
of transporta-
tion: road (cars, 
two-wheelers, bus-
es, light vehicles, 
trucks), rail, water, 
air (29)

Stock of 
dwellings, new 
dwellings, 
floor area of 
dwelling, stock 
of appliances, 
equipment rate 
(29)

 Table 3.2  Coverage of the few available databases that are consistent across countries and time

source: authors. 
— = data not available.
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Global and country-level tracking frameworks 

Immediate and short term

The immediate approach for global tracking will make use 
of the most widely available historical data to construct na-
tional and sectoral indicators of energy intensity. This will 
be done by combining two sets of public domain data: (i) 
data on total primary energy supply and final energy con-
sumption at the national and sectoral levels from the IEA’s 
national energy balances, complemented with UN data on 
countries for which IEA lacks information; and (ii) data on 
national and sectoral value added in PPP terms from the 
World Bank and International Monetary Fund. Indicators 
will be tracked on a country level and aggregated globally 
and regionally for reporting by SE4ALL. 

The specific energy consumption of selected energy-inten-
sive products will be tracked using a wide range of avail-
able studies and databases, including those produced by 
the IEA, Enerdata, UNIDO, and other relevant stakeholders. 
In this process, care should be taken to address issues of 
comparability between different methodologies. Tracking 
should include national (and regional when applicable) en-
ergy efficiency policies, targets, institutional frameworks, 
and investments. Sources of information for the former 
include databases and compendiums available from the 

IEA, the World Energy Council (WEC), the World Bank, the 
Asia Pacific Energy Research Centre (APERC), and the Eu-
ropean Union (EU), as well as country consultations. 

At present there is no established methodology or periodic 
data collection on a global scale for tracking investments 
in energy efficiency. IEA’s recent work for the World Ener-
gy Outlook (WEO) 2012 could lay the foundation for this 
purpose. Data sources include the World Bank and other 
multilateral development organizations. As mentioned pre-
viously, energy intensity indicators should be calculated as 
five-year moving averages. For monitoring and evaluation, 
especially in EU countries, the European Commission Di-
rective on energy efficiency and the national energy effi-
ciency action plans may be used. 

The question of the entity that should be responsible for 
tracking, monitoring, and evaluating progress on energy 
efficiency is still under discussion. Well-established insti-
tutions that already collect and analyze the base data, as 
well as special-purpose entities created under the SE4ALL 
initiative, are being considered. 

Medium term

The development of energy efficiency indicators in many 
developing countries is limited by the availability and quali-
ty of data and by a lack of dedicated resources and exper-
tise to collect, track, and analyze those data. Substantial 
capacity-building efforts and resources—both human and 
financial—are needed to strengthen existing programs and 
institutions. Several countries have already established 
tracking systems and are collecting data and conducting 
analysis. In other countries, energy data are limited to sup-
ply and demand at the national and sector levels, which 
makes it difficult both to assess energy efficiency and to 
target policy interventions.

Efforts to improve data collection are best directed at in-
creasing the availability of sectoral activity indices that can 
be used to convert into energy intensities detailed data on 
sectoral energy consumption already available from the 
national energy balances. In particular, the focus should be 

on the residential and transport sectors, for which scaling 
variables are not readily available at present. In the case 
of the residential sector, data series on floor space, oc-
cupancy and the number of households in each country 
are needed to calculate more meaningful measures of res-
idential energy intensity than are possible today. The same 
is true for data series on freight and passenger traffic vol-
umes in the transport sector. Improved floor space data 
could also help to provide more meaningful measures of 
efficiency in the services sector.

Since SE4ALL envisions the establishment of national track-
ing systems, there will be opportunities to invest in coun-
try-level capacity to collect critical complementary data that 
can cover the spectrum of economic activity. In addition, at 
the country level, it may be possible to contemplate more 
refined and disaggregated data on energy efficiency at the 
level of subsectors and technology processes. 
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Annex 1 illustrates the proposed indicators and their lim-
itations. For a country to understand key sector-level fac-
tors driving energy efficiency, a bottom-up data collection 

framework needs to be established. Figure 3.2 illustrates 
the levels of data needed to monitor energy efficiency 
and intensity. 

Figure 3.2 Energy indicators pyramid

source: Authors. 
Note: IEA = International Energy Agency.
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Degree of Data Required

There is no single best approach to collecting country-lev-
el data; a country could choose from a number of ways 
to compile bottom-up energy demand data. Data collec-
tion could focus on sectors of interest and could include 
a combination of national surveying, metering, modeling, 
and collection of administrative data from existing public 
and private sources. Figure 3.3 illustrates a data collection 
framework that could be used for each sector based on 
several different sources. The final—and most important—
step of the data collection framework is the bottom-up pro-
cess of reconciliation and validation with energy balances. 
This is the step in which analysts ensure that energy and 
activity data are aligned with activity classification defini-
tions. In addition, energy end-use data (such as for space 
heating and cooling), or derived data (obtained, for exam-
ple, by estimating average fuel consumption of vehicles on 
roads by relating energy data to vehicle registration dates) 
are produced from the collated data.  

Deciding which organization collects, consolidates, and 
analyzes data can be as important as determining how 

those data should be handled. This decision can be driv-
en by existing national administrative laws. Some coun-
tries task statistical departments to undertake national 
surveys and carry out analysis; in other countries, final 
energy end-use analysis and estimates are carried out by 
ministries responsible for energy and natural resources. 
Often, different ministries are asked to work together. For 
example, statistics ministries and ministries tasked with 
overseeing energy resources and economic output are 
asked to coordinate to produce a final output together 
with one national organization taking the lead. 

More data are not necessarily better. A country must com-
mit to maintaining ongoing data collection and assessment 
of efficiency improvements. In order to establish timely and 
effective analysis of energy efficiency improvements, steps 
should be taken to ensure that sector-level monitoring of 
energy use is renewed on an annual basis. Resources 
should be allocated to monitor sectors that constitute a 
significant share of the country’s absolute energy demand. 

data source
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Figure 3.3 Data collection framework

source: Authors.

IEA’s forthcoming Manual on Statistics for Energy Efficiency 
Indicators will be an essential guide for all countries that wish 
to establish a national framework. It will provide a list of key 
data elements needed to build energy efficiency indicators 
and describe how countries collect such data. The manual 
will feature examples of international practices, such as sur-
veying, metering, modeling, and collecting of administrative 

sources. Other international guides are also being prepared, 
including the Energy Statistics Compilers Manual by the Unit-
ed Nations Statistics Division, and the Manual for Statistics 
on Energy Consumption in Households by Eurostat.

Figure 3.4 summarizes the proposed framework for the imme-
diate and medium term, both globally and at the country level.

immediate Medium term

Global 
tracking

National and sectoral energy intensity measures 
for end-use sectors (industry, agriculture, and 
other sectors, the latter comprising services, 
residential and transport) plus an efficiency 
measure for electricity and gas supply.

Apply Divisia decomposition method to track 
the underlying energy efficiency component of 
energy intensity.

Improve integration of data systems on energy 
use and associated output measures (for exam-
ple, residential floor space and traffic units for 
transportation).

Improve data on specific energy consumption of 
energy-intensive products.

Country-level 
Tracking

None

Strengthen country-level information systems 
and capability to collect data on sectoral intensi-
ties (and, ideally, subsectoral process efficiency 
measures).

Improve data on physical activity drivers (traffic 
volumes—passenger and freight, number of 
households, floor space, and so on).

Improve data on energy efficiency targets, poli-
cies, investments and institutional frameworks.

Figure 3.4   Immediate and medium-term tracking across global and country levels 

source: authors. 
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SECTion 2. Global, regional, and sectoral 
trends in energy intensity 

As described earlier, energy intensity measures the amount 
of energy used to produce a unit of economic activity (GDP). 
The 20 years between 1990 and 2010 witnessed an unprec-
edented growth in both GDP and energy demand across 
the globe. World primary energy supply grew from 367 exa-
joules (EJ)  in 1990 to 534 EJ in 2010, an annual growth rate 
of 1.9 percent. Global GDP grew at an even higher rate of 
3.2 percent per year (from $36 trillion in 1990 to almost $68 
trillion in 2010) in PPP terms (constant 2005 U.S. dollars). 

Thus, the starting point for the rate of energy efficiency im-
provement against which future progress will be measured 
under the SE4ALL initiative is a compound annual growth 
rate (CAGR) for global energy intensity of –1.3 percent (in 
PPP terms) for the period 1990–2010. The SE4ALL global 
objective is a CAGR of –2.6 percent for the period 2010–
2030.12 For immediate tracking purposes, energy intensity 
is adopted as an imperfect proxy for energy efficiency that 
may be subject to improvement over time.

As figure 3.5 illustrates, improvements in energy intensi-
ty were not even across the two decades. Energy inten-
sity decreased more rapidly in the 1990s (–1.6 percent 
per year) than in the 2000s (–1.0 percent per year). This 
slowdown is mainly attributable to an increasing share of 
global economic activity during the 2000s in developing 
Asian countries, which have energy-intensive industries 
and coal-fired power generation, and thus relatively high 
energy intensities.

The magnitude of the deceleration during the decade 2000–
2010 differs markedly across the MER and PPP measures. 
The rate of improvement of energy intensity slowed to only 
–0.1 percent annually in MER terms, compared to –1.0 
percent in PPP terms. This divergence between MER and 
PPP measures can be attributed to globalization during the 
2000s, which led to a large shift in the share of global GDP 
that was produced in non-OECD countries, where prices 
tend to be relatively low. As a result, the valuation of global 
output in PPP terms (to correct for these lower prices) rose 
steeply relative to MER terms. The rate of improvement in 
energy intensity thus looks much higher when the true val-
ue of increased output is taken into account. 

11  1 exajoule (EJ) = 1018 J; 1 terajoule (TJ) = 1012 J; 1 megajoule (MJ) = 106 J.

12  When measured in final energy terms, the compound annual growth rate is –1.5 percent for the period 1990–2010. Thus the goal is –3.0 percent on average for the  
 next 20 years. 

This section establishes the starting point for improvement 
in energy intensity using the approach outlined in the previ-
ous section. It reviews energy intensity trends over the two 

decades from 1990 to 2010 at the global, sectoral, and re-
gional levels. 

Defining the starting point for improvement

-1.0%   

is the compound 
annual reduction 

in global energy intensity during the 
decade 2000-2010; significantly lower 
than the equivalent figure of -1.6% for 
the decade 1990-2000
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Figure 3.5 Rate of improvement in global energy intensity  
(compound annual growth rate)

source: Based on World Bank World Development Indicators; IEA 2012a.
Note: GDP = gross domestic product; MER = market exchange rate; OECD = Organisation for Economic Co-operation 
and Development; PPP = purchasing power parity.

a. Purchasing power parity b. Market exchange rate

c. Evolution of global PPP/MER ratio d. OECD vs. non-OECD share of GDP (PPP)
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In absolute terms, global energy intensity fell from 10.2 
MJ/$ in 1990 to 7.9 MJ/$ in 2010 when measured in PPP 
terms (figure 3.6a). The role of major global economic 
shocks is evident when examining year-to-year rates of im-
provement. The impact of steeply rising energy prices is 
observable in the charts as triggering larger improvements 
in energy intensity in the 1990s. With the recession of the 
early 2000s and the global financial crisis of the late 2000s, 
improvements in energy intensity slowed.
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Figure 3.6 Evolution of global energy intensity trends at PPP 

source: Based on World Bank World Development Indicators; IEA 2012a.
note: EI = energy intensity; PPP = purchasing power parity.

a. Energy Intensity

b. INTENSITY FROM DECOMPOSITION

7.9 MJ/US$    

is the global  
average energy   

intensity in 2010; compared with 10.2 
megajoules per US$ in 1990
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 As noted in the previous section, the decomposition of en-
ergy demand trends expressed in final energy consumption 
by sector makes it possible to distinguish among changes 
attributable to an expansion in economic activity (the activity 
effect), changes attributable to a shift in the structure of the 
economy (the structure effect), and changes attributable to 
improvements in energy intensity (intensity effect). The latter 
provides a first-order approximation of underlying energy 
efficiency (see figure 3.6b). The figure shows that improve-
ments in the decomposed intensity were consistently higher 
than those in the unadjusted intensity, particularly in the last 
decade of the period analyzed. 

Figure 3.7a shows more clearly the changes in the global 
energy intensity component of energy consumption for the 
20 years since 1990. For the period 1990–2010, the CAGR 

of energy intensity with the activity and structure effects 
factored out is –1.6 percent—higher than the CAGR of 
energy intensity of –1.3 percent for the same time period, 
illustrating that energy intensity trends underestimate the 
rate of progress in underlying energy efficiency.13

The reason for this difference can be seen in figure 3.7b, 
which illustrates the variations in each component of energy 
demand from the base year. As the years progressed, the in-
crease in economic activity in each sector was offset by the 
increased efficiency in each of the sectors used in the decom-
position. The change in the structure component is insignifi-
cant at the global level because structural shifts in one country 
are to some extent offset by those in another, while the level of 
sector disaggregation is in any case quite coarse.
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a. Energy intensity improvement by decade

b. Trends by component

Figure 3.7 Global rate of energy intensity improvement (decomposition analysis)

source: Based on World Bank World Development Indicators; IEA 2012a.

13  The –1.6 percent rate is also a larger improvement than the global compound annual growth rate measured in terms of final energy  
 consumption terms with no decomposition. If taken as a baseline, it would imply average annual growth of –3.2 percent over the next  
 20 years.
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Energy intensity improvements over the two decades 1990–
2010 had a dramatic impact on the reduction of primary 
energy demand14 globally. As figure 3.8 illustrates, if global 
energy intensity measured in PPP terms had remained at 
its 1990 level, world energy demand in 2010 would have 
been nearly 300 EJ higher. The energy intensity improve-

ment that took place over the past 20 years allowed sav-
ings of nearly 2,300 EJ, equivalent to almost one-quarter of 
cumulative global primary energy demand—or the cumu-
lative primary energy demand of China, Russia, and India 
combined over the same period.

13  The –1.6 percent rate is also a larger improvement than the global compound annual growth rate measured in terms of final energy  
 consumption terms with no decomposition. If taken as a baseline, it would imply average annual growth of –3.2 percent over the next 20  
 years.

14  As indicated previously, primary energy demand is equivalent to primary energy supply.

0

300

600

900

Avoided Energy DemandPrimary Energy Demand

201020001990

E
J

Figure 3.8 Energy savings from realized intensity improvements (EJ)

source: Based on World Bank World Development Indicators; IEA 2012a.

Global trends by sector

Further insights can be obtained by examining energy 
intensity trends at the level of major economic sectors—
namely, agriculture, industry and other sectors (including 
transportation, residential, and services) (figure 3.9). The 
industrial sector is by far the most energy intensive, de-
spite having improved at a relatively fast rate of –1.4 per-
cent annually in PPP terms. The agricultural sector, which 
accounts for slightly over 2 percent of global final energy 
consumption, showed the fastest rate of improvement, at 
–2.2 percent per annum. Improvement in the other sectors 
is similar to that in industry, although this is difficult to in-
terpret given the very different activities included under this 
category, which have markedly different drivers and inten-
sity levels (see box 3.4 for an estimate of the contribution of 
the transport sector to improvements in energy intensity). 

Although the rate of energy intensity improvement in in-
dustry and agriculture slowed down in 2000–2010 com-
pared to 1990–2000, the opposite was true in the other 
sectors; once again, however, this result must be consid-
ered cautiously.

2,300 EJ   

is the cumulative 
energy savings 

due to decreases in global energy  
intensity from 1990 to 2010; equivalent 
to the combined cumulative primary  
energy demand of China, India and  
Russia over the same period
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When looking at energy savings (that is, the difference 
between estimated cumulative final energy consumption 
if energy intensity levels had remained constant at 1990 
levels and actual cumulative consumption through 2010), 

the percentage contribution of each sector (figures 3.10b 
and 3.10c) matches closely their share of final energy 
consumption (figure 3.10a). 
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Figure 3.9 Sectoral energy intensity trends at PPP 

source: Based on World Bank World Development Indicators; IEA 2012a.
note: Other sectors include the transportation, residential, and service sectors. CAGR = compound annual growth 
rate; EI = energy intensity; PPP = purchasing power parity.

a. By sector, 1990–2010 

b. By sector and decade
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SOURCE: Based on World Bank World Development Indicators; IEA 2012a.
notE: Other sectors include the transportation, residential, and service sectors.
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Box 3.4  Estimating the contribution of the transport sector to energy intensity 
improvements

Due to limitations in the availability of data on sectoral value added in the World Development Indicators, the 
main analysis here treats “other sectors” as a residual after industrial and agricultural output have been sub-
tracted from GDP. As a consequence of this method, a number of disparate subsectors—including transport, 
residential, and services—are lumped together. 

More disaggregated data on value added in the transport sector are available from the United Nations Sta-
tistics Division’s National Accounts database, though that database covers 100 countries instead of 116 and 
only for 2000–10. Despite limitations in data, it is still of interest to explore trends in the transport sector as a 
supplement to the main analysis. The analysis shows a CAGR of –1.3 percent for the energy intensity of the 
transport sector in 2000–10. Overall, the transport sector contributed 29 percent of total global energy sav-
ings—almost as much as the other service sectors (38 percent) (figure A).

Figure A. Economywide extended decomposition: The contribution of sectoral 
energy efficiency improvements to energy savings, 2000–2010

 

 
Source: Based on World Bank World Development Indicators; IEA 2012a; UN Energy Statistics Database. 
Note: Other sectors include the residential, and service sectors. 

Figure 3.10a Final energy  
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Figure 3.10b Energy  
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Figure 3.10c Energy savings by 
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While the sectoral indicators reported above give a good 
sense of demand-side energy intensity, it is also important 
to consider the efficiency of conversion and transformation 
from primary to final energy. Figure 3.11a shows a gradual 
loss of global total primary energy to final energy trans-
formation efficiency. This ratio decreased from 72 percent 
in 1990 to 68 percent in 2010. The driving forces behind 
this include the growth in coal use for electricity generation, 
and coal, oil, and gas consumption for heat provision rela-
tive to other primary resources. 

Figure 3.11b shows the impact of improvements made in 
reducing losses in primary gas extraction and processing. 
Contributing factors include reduced gas flaring, reduced 
leakage, and improved efficiency of pipeline pressurization. 

Figure 3.11c highlights the inertia in global electricity gen-
eration efficiencies, locked in at about 38 percent over 

many years. New coal-fired power stations dominate re-
cent load growth, keeping overall efficiency relatively low 
despite the availability of higher-efficiency plants, such as 
combined-cycle gas generators. 

Figure 3.11d highlights that again there is inertia in the dy-
namics of power transmission and distribution systems. 
The underlying drivers include the ongoing economic ap-
plication of transmission efficiency improvements being 
countered by increasing network length as new generators 
are added farther from load centers. 

The above indicators highlight that it is important to under-
stand the underlying system inertia and dynamics and that 
disaggregation is key to explaining the status and oppor-
tunities of energy systems.
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Figure 3.11 Supply-side energy efficiency indicators

source: Based on IEA 2012a.
Note: T&D = transmission and distribution.
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Global trends by region

On a regional level, Eastern Europe and the Caucasus and 
Central Asia regions exhibited the fastest rate of energy 
intensity improvement over the past 20 years (figure 3.12). 
Despite this remarkable improvement, however, Eastern 
Europe and the Caucasus and Central Asia regions remain 
among the most energy intensive in the world, alongside 
Sub-Saharan Africa. Western Asia (which includes coun-
tries from the Middle East) is the only region to show a sub-
stantial deterioration in energy intensity, particularly in the 
past decade. Although Latin America and the Caribbean 

and Northern Africa are among the slowest-performing 
regions in terms of the rate of energy intensity improve-
ment, they rank second and third, respectively, in terms 
of the lowest achieved level of energy intensity in 2010. 
Countries in Europe and North America also steadily im-
proved their energy intensities. Southern and Southeastern 
Asia achieved similar levels of energy intensity, although 
the latter showed slower progress, having started from a 
relatively lower level.
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Figure 3.12a Rate of improvement in energy intensity at PPP vs. energy intensity  
levels in 1990 and 2010, by region

Eastern Asia, North America, and Europe contributed most 
to global energy savings over the 20 years between 1990 
and 2010 (figure 3.13).15 Eastern Europe, Southern Asia, 
and other regions accounted for only 16 percent of energy 
savings while consuming about 35 percent of global energy.  

Western Asia and Northern Africa contributed a 0.6 percent 
decrease in energy savings owing to deterioration or slow 
progress in energy intensity improvement.

15  Savings are calculated comparing actual primary energy supply with what it would have been if countries in each region had maintained 
1990 energy intensity levels. 

note: NAm = North America; EU = Europe; EE = Eastern Europe; CCA = Caucasus and Central Asia; WA = Western Asia; EA 
= Eastern Asia; SEA = Southeastern Asia; SA = Southern Asia; LAC = Latin America and Caribbean; NAf = Northern Africa; 
SSA = Sub-Saharan Africa; CAGR = compound annual growth rate; EI = energy intensity; PPP = purchasing power parity.
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Figure 3.13a Primary energy supply by  
region, 1990–2010

source: Based on World Bank World Development Indicators; IEA 2012a; UN Energy Statistics Database.
Note: NAm = North America; EU = Europe; EE = Eastern Europe; CCA = Caucasus and Central Asia; WA = Western Asia; EA 
= Eastern Asia; SEA = Southeastern Asia; SA = Southern Asia; LAC = Latin America and Caribbean; NAf = Northern Africa; 
SSA = Sub-Saharan Africa.

Figure 3.13b Energy savings by region, 
1990–2010

source: Based on World Bank World Development Indicators; IEA 2012a; UN Energy Statistics Database.
note: NAm = North America; EU = Europe; EE = Eastern Europe; CCA = Caucasus and Central Asia; WA = Western Asia; EA 
= Eastern Asia; SEA = Southeastern Asia; SA = Southern Asia; LAC = Latin America and Caribbean; NAf = Northern Africa; 
SSA = Sub-Saharan Africa; CAGR = compound annual growth rate; EI = energy intensity; PPP = purchasing power parity.

-6%

-4%

-2%

0%

2%

ssa
nam 

eu 
ee 

cca 
w

a 
ea 

sea 
sa 

oceania
 

lac 
naf 

1990-2000 2000-2010

C
A

G
R

Figure 3.12b Rate of improvement in energy intensity at PPP by region and decade



156Global tracking framework

Global trends by income level

Figure 3.14 Rate of improvement in energy intensity at PPP vs. energy intensity  
levels in 1990 and 2010, by country income group and decade

source: Based on World Bank World Development Indicators; IEA 2012a; UN Energy Statistics Database.
note: CAGR = compound annual growth rate; EI = energy intensity; HICs = high-income countries; LICs = low-income 
countries; LMICs = lower-middle-income countries; PPP = purchasing power parity; UMICs = upper-middle-income 
countries.
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Lower-middle-income countries started from the same level 
of energy intensity as the upper-middle-income countries 
in 1990 and made the most rapid progress in energy inten-
sity improvement through 2010 (figure 3.14). Even though 
high-income countries improved their energy intensity at 
the slowest pace, their absolute level of energy intensity 
remains the lowest in the world; indeed, even their starting 
level of energy intensity in 1990 has not yet been matched 
by countries of other income levels as of 2010. Despite 

showing solid progress, low-income countries remain by 
far the most energy-intensive income group. Interestingly, 
apart from upper-middle-income countries, all income 
groups—particularly low- and lower-middle-income coun-
tries—accelerated their rates of energy intensity improve-
ment in the decade between 2000 and 2010. The deceler-
ation in the global rate of energy intensity improvement in 
this decade can therefore be attributed to the upper-middle 
-income countries.

a. By income group

b. By income group and decade
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Despite the slowdown of energy intensity improvement 
in 2000s, upper-middle-income countries accounted for 
more than half of total energy savings over the past 20 
years. High-income countries, on the other hand, con-
sumed close to half of global energy but accounted for 

only one-third of energy savings (figure 3.15). The rea-
son behind this disparity is that the upper-middle-income 
countries started with an energy intensity twice as high as 
that of high-income countries, and therefore had more op-
portunities to introduce energy saving measures.

LICs

LMICs

UMICs
34%

13%

51%

2%

64%

8%

27%

1%

HICs

Figure 3.15a   Primary energy supply by  
income level, 1990–2010

source: Based on World Bank World Development Indicators; IEA 2012a; UN Energy Statistics Database. 
Note: HICs = high-income countries; LICs = low-income countries; LMICs = lower-middle-income countries; UMICs = 
upper-middle-income countries.

Figure 3.15b   Energy savings by  
income level, 1990–2010
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SECTion 3. Country performances

Country performances varied greatly within and across re-
gions, ranging from an energy intensity of 1.0 in Macau, 
China, to almost 60 in Liberia. (All energy intensities in this 
section are expressed in PPP terms as MJ/$2005.) Overall, 
54 out of 181 countries experienced an increase in energy 
intensity over the past 20 years.

The world can be divided into four country blocks—coun-
tries with energy intensities below 5, those between 5 and 

7, those between 7 and 10, and those above 10 (figure 
3.16). There are 45 countries with energy intensities below 
5; most countries in this category are found in Latin Amer-
ica and Caribbean, Europe, Oceania, and Sub-Saharan 
Africa. In the most energy-intensive category, there are 50 
countries, with many of them in Sub-Saharan Africa and 
Western Asia. 

Further insights can be obtained by plotting energy in-
tensity against energy consumption per capita. Low- and 
lower-middle-income countries show levels of energy con-
sumption per capita that are uniformly below the global 
average. Yet within these same groups of countries there 
is great variation in individual energy intensity, from the 
lowest to the highest energy-intensity ranges observed 
globally (figure 3.17a). For example, Uzbekistan and 
Ukraine are two of the most energy-intensive countries in 
the world, while the Philippines is one of the least (figure 
3.17b). High-income countries, on the other hand, show 

uniformly low levels of energy intensity, but vary hugely in 
their energy consumption per capita. For example, North 
America and some of the Gulf states have some of the 
highest levels of energy consumption per capita, while a 
number of European countries have some of the lowest. 
The upper-middle-income countries, by contrast, tend to 
present either both high energy intensity and consumption 
per capita, as in the Islamic Republic of Iran and several 
countries of the former Soviet Union, or both low energy 
intensity and low consumption per capita, as in Turkey and 
a number of Latin American countries.

Figure 3.16   Energy intensity (MJ/$2005) at PPP level by region (number of countries), 2010

source: Based on World Bank World Development Indicators; IEA 2012a; UN Energy Statistics Database.
note: NAm = North America; EU = Europe; EE = Eastern Europe; CCA = Caucasus and Central Asia; WA = Western Asia; EA 
= Eastern Asia; SEA = Southeastern Asia; SA = Southern Asia; LAC = Latin America and Caribbean; NAf = Northern Africa; 
SSA = Sub-Saharan Africa.
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 figure 3.17 Energy intensity PPP vs. energy consumption per capita, 2010

Source: Based on World Bank World Development Indicators; IEA 2012a; UN Energy Statistics Database. 
Note: Values are normalized along the average. Bubble size represents volume of primary energy supply.  
GDP = gross domestic product; HICs = high-income countries; LICs = low-income countries; LMICs = lower-middle- 
income countries; PPP = purchasing power parity; UMICs = upper-middle-income countries.
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High-impact countries

Global total primary energy supply is heavily concentrated 
in a relatively small number of high- and middle-income 
countries. China and the United States alone account for 
about 40 percent of global primary energy supply. The 20 
countries with the highest levels of energy demand togeth-
er account for 80 percent of the global total, while the top 
40 countries account for 90 percent. 

One way of capturing the global inequalities in the distribu-
tion of energy demand is to calculate a pseudo-Gini coeffi-
cient16 based on the cumulative percentage of global energy 
demand accounted for by a given cumulative percentage of 
global population. The resulting Gini coefficient for energy 
demand is 0.48, which represents a high degree of inequal-
ity, just slightly lower than the Gini coefficient of 0.53 for in-
equality in the global distribution of GDP (figure 3.18).  

While improvements in energy efficiency are valuable and 
important for all countries, achievement of the SE4ALL 
global objective for energy efficiency will depend on tar-
geting efforts in high-impact countries. The level of a coun-
try’s impact depends in part on its overall energy demand. 
Higher energy demand translates into a greater potential 
impact of a country’s efforts on the achievement of the 
global objective. Many high-consuming countries have 

already achieved relatively low levels of energy intensity. 
In identifying high-impact opportunities, it is therefore also 
relevant to consider a country’s starting point in terms of 
energy intensity. Countries with relatively high energy inten-
sity may have a greater potential for improvement, but as 
seen previously, the underlying drivers of energy demand 
must also be considered. For example, a country with a 
large mining industry or very cold climate may have high 
energy intensity, but nonetheless be very energy efficient. 

In reality, there is very little overlap between those countries 
with the highest energy demand and the highest energy 
intensity. The group of 20 countries with the highest ener-
gy demand is dominated by high-income countries across 
Europe, Asia, the Middle East, and North America. India, 
Indonesia, and Ukraine are the only lower-middle-income 
countries among the 20 largest energy consumers (figure 
3.19a). The group of 20 countries with the highest energy 
intensity, on the other hand, is dominated by low-income 
countries from Africa and the former Soviet Union, plus a 
few smaller countries from Latin America and South Asia 
and Iceland, which is the only European country in the 
group (figure 3.19b). Ukraine is the only country that is 
both one of the largest energy consumers and one of the 
most energy-intensive economies.

Figure 3.18   Distribution of energy demand and GDP by population

source: Based on World Bank World Development Indicators; IEA 2012a; UN Energy Statistics Database.
note: GDP = gross domestic product.
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16  The Gini coefficient is a concept most commonly used in economics to measure inequality of income distribution within a population; a 
value of zero represents perfect equality, and a value of one represents maximum inequality. 
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Figure 3.19a   Countries with highest levels 
of primary energy demand, 2010 (EJ)

source: Based on World Bank World Development Indicators; IEA 2012a; UN Energy Statistics Database.

Figure 3.19b   Countries with highest levels 
of energy intensity PPP, 2010 (MJ/$2005)
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A combination of relatively high energy demand and rela-
tively high energy intensity defines where the highest-im-
pact opportunities exist. Table 3.3 lists the countries among 
the 20 largest energy consumers with the highest energy 
intensities overall and within each economic sector. When 
the analysis is done in PPP terms, the highest-impact op-
portunities can be found in Ukraine, Russia, Saudi Arabia, 
South Africa, and China. Canada, Iran, Brazil, Indonesia, 
and the United States also appear when analyzing eco-
nomic sectors. 

All sectors industry Agriculture other sectors

1 Ukraine Ukraine Canada Iran

2 Russia Russia South Africa Ukraine

3 Saudi Arabia Canada Russia Saudi Arabia

4 South Africa Brazil United States Indonesia

5 China South Africa Brazil Russia

table 3.3   Highest energy intensities among the 20 largest energy consumers, 2010

source: Based on World Bank World Development Indicators; IEA 2012a..
note: “Other sectors” include the transportation, residential, and service sectors.

x 10 times 
- span of energy 
intensity among 

the world’s 20 most energy intensive 
economies at 20-30 megajoules per 
dollar of GDP and the world’ least  
energy intensive economies at 2-3 
megajoules per dollar of GDP
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Fast-moving countries

To reap the substantial potential for reducing energy de-
mand, it will be important for countries around the world to 
learn from one another’s experiences and best practices. In 
that sense, two groups of countries are of particular interest: 
those who have already achieved low levels of energy inten-
sity and those who have made the most rapid progress in 
improving their energy intensity over the last decades. 

Most of the 20 countries that experienced the most rapid 
improvement in energy intensity over the 20 years between 
1990 and 2010 are from the former Soviet Union and 
Eastern European, with annual rates of reduction ranging 
from 4 percent to 12 percent—several times higher than 
the global average of –1.3 percent (figure 3.20a). Many of 
these countries started from relatively high levels of energy 

intensity in 1990 and still remain at above global average 
levels of energy intensity in 2010. While they therefore can-
not be regarded as models for best practice, their experi-
ence can help to shed light on where and how to begin the 
process of accelerating energy efficiency improvements. 
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Figure 3.20a   Fastest-moving Countries  
CAGR 1990–2010 in PPP terms

source: Based on World Bank World Development Indicators; IEA 2012a; UN Energy Statistics Database.

Figure 3.20b   Fastest-moving Countries with Lowest 
energy intensity in 2010 in PPP terms (MJ/$2005)

-4.0% 
is the compound 
annual growth

rate of energy intensity among those 
20 countries making the fastest prog-
ress globally 1990-2010
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The 20 countries exhibiting the lowest energy intensity (less 
than 3.9 MJ/$2005 GDP PPP) are a heterogeneous group, 
with a strong presence of small island countries in which 
energy costs tend to be exceptionally high (figure 3.20b). 
Confining attention to the least-energy-intensive countries 
in PPP terms among the 20 largest energy consumers, 
a handful of Western European countries—the United 

Kingdom, Spain, Italy, and Germany—and Japan show a 
strong performance with low energy intensity, both over-
all and across a number of sectors (table 3.4). Curiously, 
countries such as China, Indonesia, and Saudi Arabia—
which are among the most energy intensive of the large 
energy consumers—exhibit relatively low energy intensity 
for agriculture. 

All sectors industry Agriculture other sectors

1 United Kingdom Japan Saudi Arabia Japan

2 Spain Germany Indonesia United Kingdom

3 Italy United Kingdom India Spain

4 Germany Spain Germany Italy

5 Japan Italy China Germany

table 3.4   Lowest energy intensities among the 20 largest energy consumers, 2010

source: Based on World Bank World Development Indicators; IEA 2012a.
note: “Other sectors” include the transportation, residential, and service sectors.

Perhaps of greater interest is the interaction between a 
country’s starting point in energy intensity and its rate of re-
duction of energy intensity over the two decades between 
1990 and 2010. In principle, those starting out with the high-
est levels of energy intensity had the greatest opportunities 
to reduce it. The cross-plots below attempt to depict that. 
The first chart plots the CAGR of energy intensity during 
1990–2010 against initial energy intensity in 1990; the sec-
ond, against final energy intensity in 2010 (figure 3.21). 
The negative relationship between the starting point and 

the annual rate of change is clearly evident in the chart. The 
country that most clearly stands out is China, which started 
with one of the highest levels of energy intensity among the 
largest 40 energy users; despite the huge expansion in its 
industrial sector that took place over the same period, it 
also experienced the steepest decline in energy intensity 
in the last 20 years. Indeed, by 2010, China had reached a 
level of energy intensity comparable to that of other large, 
middle-income, emerging economies.



164Global tracking framework

figure 3.21 Energy intensity in 1990 and 2010 vs. CAGR 1990–2010

source: Based on World Bank World Development Indicators; IEA 2012a. 
note: Bubble size represents the volume of primary energy supply in 2010. CAGR = compound annual growth rate; HICs = 
high-income countries; LMICs = lower-middle-income countries; UMICs = upper-middle-income countries.

a. Energy intensity, 1990 (MJ/$2005 PPP)

b. Energy intensity, 2010 (MJ/$2005 PPP)
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The decomposition of energy trends that was undertaken 
globally above (recall figure 3.7) is also of interest at the 
country level. Figure 3.22 clearly shows that among the 
top 20 energy consumers, the underlying energy efficiency 
effect for China and India after adjusting for activity levels 
and structural shifts is particularly large at 6 percent and 
4 percent respectively, and significantly higher than the 

trend in overall energy intensity. Such efforts partially off-
set increases in energy demand due to expanded activity 
levels and structural changes. By contrast, the reduction 
in Ukraine´s energy intensity is attributable to reductions 
in all three factors (mainly activity, and to a lesser degree 
structure and pure intensity).

figure 3.22 DECOMPOSITION ANALYSIS OF ENERGY DEMAND in  
1990 and 2010 vs CAGR 1990–2010

source: Based on World Bank World Development Indicators; IEA 2012a. 
note: CAGR = compound annual growth rate; PPP = purchasing power parity.

a. CAGR for intensity component (1990–2010)

b. CAGR for changes in primary energy demand and activity,  
structure, and intensity components (1990–2010) 
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Yet another way of identifying countries that made partic-
ularly significant progress in reducing energy consump-
tion is to look at the extra energy these countries would 
be demanding today if their energy intensity had remained 
at 1990 levels (figure 3.23). Once again, China stands out 
as having achieved by far the largest reductions in energy 

consumption, with cumulative energy savings from 1990 
to 2010 exceeding cumulative energy consumption during 
that same period. Overall, actions taken in China, the Unit-
ed States, Europe, and India accounted for more than 90 
percent of the nearly 2,300 EJ of energy saved globally 
between 1990 and 2010. 

Figure 3.23a Largest energy consumers, 
cumulative 1990–2010 (EJ)

source: Based on World Bank World Development Indicators; IEA 2012a; UN Energy Statistics Database.

Figure 3.23b Largest energy savers,  
cumulative 1990–2010 (EJ)

Policies, targets, technological developments, and investments

There are many underlying factors that explain the trends 
and figures outlined in the previous section. The framework 
laid out here proposes to track them through a revision 
of the policies that affect energy demand, the targets that 
countries and regions (like the EU) give themselves, the 
technological developments that reduce specific energy 
consumption, and the flow of energy efficiency investments. 

Though the global and country-level intensity indicators 
presented may serve to track progress toward the SE4ALL 
goal, the complementary indicators described above give 
a more complete picture to policy makers of what actions 
are being taken—and should be taken—to improve ener-
gy efficiency in each country. They also provide a guide of 
where to direct actions to address needs and reveal op-
portunities in a given country.

Policies include a range of instruments—including mar-
ket-based and financial instruments, regulations, informa-
tion, and awareness—that can be voluntary or mandatory. 
Of particular relevance in 1990–2010 have been building 
codes, labeling, and minimum energy performance stan-
dards (MEPS) for appliances and motors, and fuel-efficien-
cy standards and fiscal incentives for vehicles. Countries 
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such as Italy and India have implemented market-based 
cap and trade mechanisms like the white certificates and 
the Perform, Achieve, and Trade (PAT) scheme. Box 3.5 
summarizes the 25 energy efficiency policies that the IEA 
is recommending governments to adopt. The same or-
ganization is also starting the process of developing 
a set of governance and policy recommendations for 
developing countries. 

Targets can take several forms. China aims to decrease its 
energy intensity by 16 percent during the period 2011–15 
(its 12th Five-Year Plan). The EU, through its Energy Effi-
ciency Directive, mandates a reduction in primary energy 
consumption of 20 percent by the year 2020, while Japan 
and Brazil want to reduce electricity demand by 10 per-
cent by 2030. Recently, the United States announced that 
it aims to cut in half the energy wasted in homes and busi-

nesses in the next 20 years. Meanwhile, India, in its draft 
12th Five Year Plan, is proposing to reduce the carbon 
emissions intensity of its economy by 20−25 percent from 
2005 levels by 2020. 

Section 4 and annex 2 provide an overview of policies and 
targets for selected countries,17 while annex 3 shows the 
specific energy consumption of selected energy-intensive 
products, both for current practice and a benchmark of the 
best available practice.

As noted in section 1, there is no established methodology 
to track investments in energy efficiency. One will have to 
be developed for the medium term. This report relies on 
the work done by IEA’S WEO 2012. The results are pre-
sented in the following section. 

Box 3.5 IEA’s 25 energy efficiency policy recommendations

To support governments in their implementation of energy efficiency, the International Energy Agency (IEA) 
recommended the adoption of specific energy efficiency policy measures to the G8 summits in 2006, 2007, 
and 2008. The consolidated set of recommendations to these summits covers 25 fields of action across seven 
priority areas: cross-sectoral activity, buildings, appliances, lighting, transport, industry, and power utilities. The 
fields of action are outlined below.

1. The IEA recommends action on energy efficiency across sectors. In particular, the IEA calls for action on:

 } Data collection and indicators

 } Strategies and action plans

 } Competitive energy markets, with appropriate regulation

 } Private investment in energy efficiency

 } Monitoring, enforcement, and evaluation

2. Buildings account for about 40 percent of energy used in most countries. To save a significant portion of this 
energy, the IEA recommends action on:

 } Mandatory building codes and minimum energy performance requirements

 } Net-zero energy consumption in buildings

 } Improved energy efficiency in existing buildings

 } Building energy labels or certificates

 } Energy performance of building components and systems

17  Further details are provided in IEA 2012b. 
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3. Appliances and equipment represent one of the fastest-growing energy loads in most countries. The IEA 
recommends action on:

 } Mandatory minimum energy performance standards and labels

 } Test standards and measurement protocols

 } Market transformation policies

4. Saving energy by adopting efficient lighting technology is very cost-effective. The IEA recommends action on:

 } Phaseout of inefficient lighting products

 } Energy-efficient lighting systems

5. To achieve significant savings in the transport sector, the IEA recommends action on:

 } Mandatory vehicle fuel-efficiency standards

 } Measures to improve vehicle fuel efficiency

 } Fuel-efficiency for nonengine components

 } Transport system efficiency

6. To improve energy efficiency in industry, action is needed on:

 } Energy management

 } High-efficiency industrial equipment and systems

 } Energy efficiency services for small- and medium-sized enterprises

 } Complementary policies to support industrial energy efficiency

7. Energy utilities can play an important role in promoting energy efficiency. Action is needed to promote:

 } Utility end-use energy efficiency schemes
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source: IEA 2012b.
note: “Activity” reflects a change in the demand for energy services due to a change in end-user prices.

Doubling the rate of improvement in energy intensity from 
–1.3 percent to –2.6 percent per annum in the 20 years be-
tween 2010 and 2030 will present an immense challenge. 
Examining the scale of that challenge is the subject of this 
section. The analysis is based on the scenarios developed 
by WEO (2012).18  

The New Policies Scenario is WEO’s central scenario. It 
takes into account broad policy commitments and plans 
that have already been implemented to address energy- 
and climate-related challenges, as well as those that have 

been announced, even where the specific measures to im-
plement these commitments have yet to be introduced. To 
illustrate the outcome of the current course in energy trends, 
if unchanged, the Current Policies Scenario embodies the 
effects of only those government policies and measures that 
had been enacted or adopted by mid-2012. The Efficient 
World Scenario is based on the core assumption that all in-
vestments capable of improving energy efficiency are made 
so long as they are economically viable and any market bar-
riers obstructing their realization are removed. 

According to the WEO 2012, the SE4ALL objective for 
energy efficiency can be met only if countries implement 
policies beyond those in the New Policies Scenario. That 
conclusion is highly dependent on the chosen reference 
period. For example, doubling the performance of the last 
decade, when the pace of improvement in energy intensity 
was slow, would be only a moderately ambitious goal. In 
the New Policies Scenario, energy demand is projected to 
grow from 530 EJ in 2010 to 670 EJ in 2030, equivalent 
to an increase of nearly 30 percent. That is about 45 EJ, 
or 6 percent, lower than if only the world’s current energy 

efficiency policies continued, as assumed in the Current 
Policies Scenario (figure 3.24). 

Energy efficiency in end uses and in the supply sectors 
accounts for almost three-quarters of the total potential 
for improving energy efficiency by 2030. The New Policies 
Scenario projects global energy intensity (where GDP is 
measured at PPP) to decline at a rate of 2.3 percent per 
year on average over the period 2010–2030, a significant 
improvement on the trend seen in 1990–2010, when it was 
–1.3 percent per year. 

18  Figures are also compared to those developed by the International Institute for Applied Systems Analysis (IIASA). 

figure 3.24   Change in global primary energy demand:   
Current Policies Scenario and New Policies Scenario (EJ)
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When looking at the economically viable potential of energy 
efficiency, it becomes apparent that current and planned 
policies globally would utilize only a third of the economi-
cally viable efficiency measures. From a sectoral perspec-
tive, industry utilizes most of the potential (44 percent), 
followed by transport (37 percent), power generation (21 
percent), and buildings (18 percent). The uptake of more 
efficient technologies is strong in industries in OECD coun-
tries and China because of the introduction of MEPS and 
CO2 pricing, and because rising energy prices strengthen 
the economic case for improving energy efficiency. 

The second-most-important sector in terms of efficiency-re-
lated energy savings is transport, where several countries 
are discussing the introduction of ambitious fuel-economy 
standards, often with the goal of reducing oil imports or 
air pollution. Energy savings in the buildings sector are 
relatively small because of high transaction costs. Most 
of the savings occur in commercial buildings, where the 
business case is often stronger and regulation is easier 
to apply than in residential construction. Some demand 
reduction also occurs in the residential sector, however, 
thanks to the assumed reduction in fossil-fuel subsidies 
in some countries, including India, Russia, and parts of 
the Caspian region. Depending on the region, some of the 
key measures applied in the buildings sector include man-
datory energy requirements in building codes and energy 
efficiency labels for appliances.

An increasing number of countries and regions are focus-
ing on energy efficiency and strengthening their respective 
policies in this area. Annex 2 tabulates current policies in 
selected countries. 

Energy efficiency policies in developing Asia, North Amer-
ica, Europe, and Asia Oceania account for more than 
three-quarters of the reduction in global primary energy 
demand under the New Policies Scenario, compared with 
the Current Policies Scenario. This reflects the sheer size 
of the energy markets of these regions and their empha-
sis on energy efficiency. In Europe the EU has established 
a comprehensive energy efficiency policy framework with 
targets for 2020, notably a 20 percent reduction in energy 
demand in 2020 against their reference projection. The en-
ergy efficiency directive enlists energy providers in helping 
consumers—industry and households—to increase their 
investment in energy efficiency.

In developing Asia China has set a goal of reducing energy 
intensity by 16 percent between 2011 and 2015. An ongo-
ing restructuring of the national economy is expected to 
bring about significant savings in energy consumption per 

unit of GDP. Other key elements of China’s strategy include 
innovation and energy savings in 10,000 energy-intensive 
enterprises identified by the government, which collective-
ly make up 37 percent of the targeted savings by 2015. 
The centerpiece of India’s efforts to save energy is its inno-
vative PAT scheme, which aims at saving energy in large 
energy-intensive industries by imposing mandatory energy 
intensity targets. In addition, it allows trading of excess en-
ergy savings with other participants in the form of so-called 
white certificates for compliance.

In North America, the United States is currently revising its 
MEPS for appliances and equipment, a policy initially intro-
duced in 1978. Twenty-four states have adopted long-term 
energy savings targets, which drive utility investments in 
energy efficiency. Another focus is road transport, with the 
introduction of a 2025 fuel economy target for passenger 
cars that would exploit much of the known (but so far un-
used) technical potential of conventional vehicles.

In Asia Oceania Japan’s Innovative Strategy for Energy 
and the Environment, released in 2012, includes a major 
focus on energy efficiency, with a target to reduce elec-
tricity demand by 10 percent in 2030 compared with 2010. 
This is expected to be backed up by measures to incen-
tivize the introduction of more efficient technologies in the 
residential sector and, to a lesser extent, in industry.

Because energy resources have been plentiful and prices 
low, improving energy efficiency has historically not been a 
key priority throughout much of the Middle East, though in 
recent years this has begun to change, as fast-increasing 
domestic demand is restraining oil and gas exports that 
bring much-needed revenue. Saudi Arabia established an 
energy efficiency center in 2012, and the United Arab Emir-
ates has launched a national energy efficiency and conser-
vation program to improve efficiency in buildings. With the 
exception of a few countries, subsidized prices have sig-
nificantly hampered the uptake of efficient technologies in 
the power sector, road transport, and buildings. In much of 
Africa, with the exception of South Africa and a few countries 
in North Africa, the focus has been on providing access to 

33% 
is the share of all 
economically  

viable energy efficiency opportunities 
that will be harnessed by current or 
planned policies globally
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figure 3.25   Results of the New Policies Scenario

source: Based on data/analysis taken from IEA (2012b).

a. Energy intensity levels

b. Primary energy savings  in the New Policies Scenario compared with 
Current Policies Scenario in 2030

0

3

6

9

12

15

MIDDLE EASTAFRICASOUTH
AMERICA

DEVELOPING
ASIA

EASTERN EUROPE
EURASIA

ASIA
OCEANIA

EUROPENORTH
AMERICA

-30

-24

-18

-12

-6

0

MIDDLE EASTAFRICASOUTH
AMERICA

DEVELOPING
ASIA

EASTERN EUROPE
EURASIA

ASIA
OCEANIA

EUROPENORTH
AMERICA

2010 2030

E
J

M
J

/$
20

0
5,

 P
P

P
basic energy services and increasing the availability of ener-
gy to boost economic growth rather than on energy efficien-
cy. Improving energy access is fundamental for economic 
development, but integrating energy efficiency strategies 
into such programs, ideally from the outset, would make it 
possible to widen access faster and more economically. 

The above-mentioned policy efforts are expected to re-
duce primary energy demand in 2030 by almost 45 EJ. 
The biggest contributions come from developing Asia (25 
EJ), North America (6 EJ), Europe (4 EJ), Eastern Europe/
Eurasia (3 EJ), and the Middle East (2.5 EJ) (figure 3.25).
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The current status of energy efficiency investments is diffi-
cult to quantify, as investments in energy efficiency are sel-
dom tracked systematically and there is no comprehensive 
estimate of current global investment in energy efficiency. 
The lack of an estimate is due to the fact that energy ef-
ficiency investments are made by a multitude of agents, 
households, and firms, often using their own funds. More-
over, there is no standard definition of what constitutes 
an energy efficiency investment, and while investments in 
energy efficiency in buildings and industry are tracked in 
many countries, data for the transport and power sectors 
are more difficult to obtain. Based on a country-by-coun-
try survey, however, it is estimated that current global in-
vestment in projects aimed principally at improving energy 
efficiency amounted to about $180 billion in 2011—signifi-
cantly lower than the investment in expanding or maintain-
ing the fossil-fuel supply (nearly $600 billion in the same 
year). About two-thirds of the estimated investment in en-
ergy efficiency in 2011 was undertaken in OECD countries.

To achieve the savings from energy efficiency laid out in the 
New Policies Scenario, cumulative additional investments 
of $2.3 trillion are needed through 2030 (or $128 billion 
per year, on average, above current levels of investment 
in transport, residential, industry, and services) (figure 
3.26).19 Investment in transport increases by $0.9 trillion 
(almost 40 percent of the total additional investment for all 
sectors worldwide), largely to improve fuel economy. Res-
idential and service-sector buildings account for another 
$1.1 trillion from 2012 to 2030, in the form of investments 
in retrofits, insulation, and thermal efficiency, as well as for 
electrical equipment (appliances and lighting). Additional 
investment in industry amounts to $340 billion between 
2012 and 2030, about two-thirds of which is to improve the 
efficiency of heat systems, where much unrealized poten-
tial exists. The remainder of the investment is in electrical 
equipment, mostly industrial motors.

figure 3.26   Average annual increase in energy efficiency investment:  
New Policies Scenario versus Current Policies Scenario

source: Based on data/analysis taken from IEA (2012b).
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The IEA Efficient World Scenario

The New Policies Scenario does not fully exploit the po-
tential for cost-effective energy efficiency improvements 
or achieve the SE4ALL energy efficiency objective. Under 
the Efficient World Scenario, however, it is possible to im-
prove energy intensity by 2.8 percent per year, on average, 
through 2030, compared with the annual rate of –1.3 per-
cent achieved from 1990 to 2010. The central assumption 
of the Efficient World Scenario is that policies are put in 
place to allow the market to realize the full potential of all 
economically viable energy efficiency measures. Projec-
tions for energy savings under the Efficient World Scenar-
io, compared with the Current Policies Scenario and New 
Policies Scenario, are presented in figure 3.27.

In the Efficient World Scenario, oil demand peaks at 91 mil-
lion barrels per day (mb/d) before 2020 and then declines 
to 88.7 mb/d in 2030. Global coal demand also peaks be-
fore 2020, at around 5,400 million tons of coal equivalent 
(Mtce), before dropping to about 4,800 Mtce in 2030—19 
percent lower than under the New Policies Scenario. Unlike 
for the other fossil fuels, global demand for natural gas still 
increases under the Efficient World Scenario, as it remains 
an important fuel in the power, industry, and buildings 
sectors. Total demand reaches 3,700 billion cubic metres 
(bcm) in 2020 and almost 4,100 bcm in 2030. 

figure 3.27   Change in global primary energy demand:  
Efficient World Scenario versus other scenarios (EJ)

source: IEA (2012B)
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20  For more detail on policy measures in each sector see chapter 11 in IEA (2012b).

Two steps were taken to calculate the economic po-
tential of the Efficient World Scenario, which varies by 
sector and region. 

First, technical potentials were determined, identifying key 
technologies and measures to improve energy efficiency 
by sector. This process involved analysis of a substantial 
amount of data and information from varied sources per-
taining to a variety of subsectors and technologies. The 
Efficient World Scenario assumes no major or unexpect-
ed technological breakthroughs. Nor does it assume the 
application of holistic concepts such as prioritizing ener-
gy efficiency at all levels of urban planning or changes in 
consumer behavior (except where induced by lower ener-
gy prices). The scenario is, rather, based on a bottom-up 
analysis of currently available technologies and practices, 
and considers incremental changes in the level of energy 
efficiency deployed.

A second step identified those energy efficiency measures 
that are economically viable. The criterion adopted was the 
amount of time an investor might reasonably be willing to 
wait to recover the cost of an energy efficiency investment 
(or the additional cost, where appropriate) through the 
value of undiscounted fuel savings. Acceptable payback 
periods were calculated as averages over the 2012–2035 
projection period and take account of regional and sector 

-specific considerations (see also figure 10.2 in IEA 
2012b). In countries with carbon pricing, these prices are 
lower than in the New Policies Scenario, as energy efficien-
cy measures are assumed to contribute to targeted emis-
sions reductions. In the Efficient World Scenario, no addi-
tional carbon pricing beyond the New Policies Scenario is 
assumed. Fossil-fuel subsidies are phased out by 2035 at 
the latest in all regions except the Middle East, where they 
are reduced to a maximum rate of 20 percent by 2035. 
Additional efforts toward energy efficiency lead to a lower 
energy demand and thereby to lower international energy 
prices. This again causes a rebound in energy consump-
tion, offsetting roughly 9 percent of the energy savings.

On a regional level, the implemented energy efficiency 
measures lead to different conclusions. While the largest 
relative savings potential in terms of energy intensity ex-
ist in developing Asia, Eastern Europe/Eurasia, and North 
America, it is developing Asia, North America, and Europe 
that save the most primary energy by 2030 under the Effi-
cient World Scenario (figure 3.28).

The energy savings in the Efficient World Scenario are 
achieved by a raft of policy measures across different end-
use energy demand sectors,20 leading to a significant im-
provement in energy intensity (table 3.5). 
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figure 3.28   Changes in energy intensity and primary energy savings  
under the Efficient World Scenario, by region

source: Based on data/analysis taken from IEA (2012b).

a. Energy intensity levels

b. Primary energy savings  in the New Policies Scenario compared with 
Current Policies Scenario in 2030
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Developing 
Asia

South 
America Africa Middle 

East

  2010   2030   2010 2030   2010    2030   2010    2030

Energy intensity  
(MJ/dollar, PPP)

8.3 3.8 5.2 3.4 9.4 5.3 9.9 5.9 

Energy demand per capita 
(GJ/capita)

46.1 55.7 54.4 61.1 28.1 22.6 131.5 119.7

Residential energy intensity 
(2010 = 100)

100 73 100 93 100 70 100 81 

Service energy intensity 
(2010 = 100)

100 48 100 72 100 64 100 58 

Fuel consumption, new 
PLDVs, test cycle (l/100 km)

7.7 4.0 8.1 4.5 7.4 4.4 11.7 6.4 

Fuel consumption, new 
heavy trucks on-road 
(l/100 km)

40 24 36 21 41 25 40 25 

Energy intensity of 
industries (TJ/$1,000 VA 
industry)

5.6 2.7 4.1 2.9 3.2 1.9 3.5 2.2

Fossil-fuel power plant 
efficiency (%)

38% 43% 39% 47% 37% 43% 33% 42% 

World north  
America Europe Asia  

oceania

Eastern 
Europe/
Eurasia

  2010   2030   2010 2030   2010    2030   2010    2030   2010    2030

Energy intensity  
(MJ/dollar, PPP)

7.0 3.9 6.2 3.5 4.6 2.8 5.3 3.5 12.0 6.5 

Energy demand per capita 
(GJ/capita)

77.9 74.1 242.4 191.3 137.3 115.1 183.4 172.9 141.9 152.8

Residential energy intensity 
(2010 = 100)

100 75 100 73 100 74 100 73 100 82 

Service energy intensity 
(2010 = 100)

100 62 100 61 100 72 100 69 100 52 

Fuel consumption, new 
PLDVs, test cycle (l/100 km)

7.6 4.1 8.7 4.3 6.2 3.6 6.8 3.7 7.1 3.8 

Fuel consumption, new 
heavy trucks on-road 
(l/100 km)

36 22 38 21 31 19 27 16 33 19 

Energy intensity of industries  
(TJ/$1,000 VA industry)

4.3 2.6 3.8 2.6 2.9 2.2 3.3 2.6 6.2 3.6

Fossil-fuel power plant 
efficiency (%)

43% 48% 42% 49% 51% 59% 43% 50% 60% 68% 

table 3.5   Key energy efficiency indicators for selected regions
source: = IEA.
note: For the definition of regions and additional detail on indicators, see annex 2. GJ = gigajoules; MJ = megajoules; 
PPP = purchasing power parity; PLDV = passenger light duty vehicle; TJ = terajoules; VA = value added.
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$400 billion
is the annual  
investment 

requirement to meet SE4ALL objective 
for energy efficiency; around triple 
historical levels

Why do we want to achieve the Efficient World Scenario?

The Efficient World Scenario requires cumulative addi-
tional investments in energy efficiency of $8 trillion over 
the investments already realized under the New Policies 
Scenario from 2012 to 2030 (figure 3.29). The additional 
investment level for the Efficient World Scenario is about 
three-and-a-half times higher than for the New Policies 
Scenario. The majority of the additional investments under 
the Efficient World Scenario accrue in the transport sector 
($3.0 trillion). The remaining investments are split among 
the residential sector ($2.7 trillion), services sector ($1.4 
trillion), and industry ($1.1 trillion). 

Achieving the Efficient World Scenario brings many region-
al and global benefits, including fuel savings, improved 
energy security, health improvements, environmental ben-
efits, and reduced energy import bills. For example, the 
required investment of $8.2 trillion in energy efficiency is 
more than offset by fuel expenditure savings of $10.6 tril-

lion, freeing up economic resources and stimulating ad-
ditional demand for efficient goods and services. Achiev-
ing the Efficient World Scenario would give a $11.4 trillion 
boost to the global economy from 2012 to 2030. Countries 
that have a competitive advantage in producing less en-
ergy-intensive goods would see their economy grow the 
most. This is the case for China, India, the EU, and the 
United States. The particularly high growth in China and 
India is stimulated both by domestic demand and exports.

figure 3.29 Average annual increase in energy efficiency investment:  
Efficient World Scenario versus New Policies Scenario

source: Based on data/analysis taken from IEA (2012b).
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From the perspective of mitigating climate change, a rapid 
and widespread adoption of energy-efficient technologies 
can reduce CO2 emissions in the short term. Energy-relat-
ed CO2 emissions under the Efficient World Scenario peak 
before 2020 at 32.4 gigatons (Gt) before beginning a steady 
decline to 31.0 Gt in 2030. Owing to the faster development 
of energy-efficient technologies, emissions in 2030 are 5.2 
Gt lower than under the New Policies Scenario. 

An analysis of the global capital stock in place in all energy 
sectors shows that the infrastructure that either exists today 

or is under construction emits, in normal use, about 80 per-
cent of the cumulative emissions allowed over the period to 
2035 in a 2°C world. If infrastructure investments continue 
in line with the New Policies Scenario and are operated as 
projected in that scenario, infrastructure in existence in 2017 
would emit 100 percent of the allowed cumulative emis-
sions. Energy efficiency can delay by five years (to 2022) 
the complete locking in of all CO2 emissions allowed in a 
2°C world. This additional time is crucial in the immediate 
future, because a new climate agreement is expected to be 
reached by 2015 and to take effect by 2020. 

Box 3.6 Overview of the energy intensity projections of the Global Energy  
Assessment

The figures below present the main energy intensity projections from the Global Energy Assessment (GEA) de-
veloped by the International Institute for Applied Systems Analysis (IIASA). The bases and regional groupings 
on which the IIASA scenarios are constructed are different from those of the International Energy Agency (IEA). 
It is outside the scope of this report to make them compatible.

The baseline scenario is consistent with the annual rate of improvement of energy intensity observed over the 
last 20 years (–0.8 percent). The SE4ALL scenario—a scenario that meets the access, renewables, and effi-
ciency targets—assumes an annual improvement in energy intensity of –2.7 percent, which is actually greater 
than the needed rate of improvement of –1.5 percent if measured at market exchange rate (MER). The six GEA 
“pathways”—each of which assumes the future availability of various key technologies—do not differ much in 
actual energy intensity or in the rate of improvement. All meet the SE4ALL energy efficiency target and assume 
faster energy intensity improvement as compared to SE4ALL.
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Projections of global primary energy intensity by scenario,  
2010 vs. 2030 (MJ/$2005), MER 

 

 

Projected annual rate of improvement in global primary  
energy intensity by 2030, by scenario (MER)

 

 

Looking at the world’s regions, substantial reductions in the absolute level of energy intensity are expected from 
the former Soviet Union, centrally planned Asia (including China), and South Asia. These regions are projected to 
decrease their current energy intensity levels by more than 60 percent and to meet the SE4ALL target—reflecting 
that the SE4ALL target is not that far off from the business-as-usual, or IIASA’s baseline, scenario in these regions. 

By contrast, an effort far beyond that of the baseline scenario would be needed from those regions that have 
already achieved low levels of energy intensity, such as North America and Western Europe. Substantial effort 
would also be required in the former Soviet Union and Middle East. Some improvements are expected in Afri-
ca, but they do not go far beyond the business-as-usual projection.
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Primary energy intensity: 2010 versus 2030 baseline  
and SE4ALL scenarios (MJ/$2005), MER

 

Primary energy intensity annual rate of improvement:  
Baseline versus SE4ALL scenario (CAGR 2010–30), MER

 

source: International Institute for Applied Systems Analysis (IIASA).
note: Primary energy presented on the charts above is measured using direct equivalent method as opposed to 
the physical content method used in the rest of the report. AFR = Sub-Saharan Africa; CPA = Centrally planned 
Asia and China; EEU = Central and Eastern Europe; FSU = Former Soviet Union; LAM = Latin America and Caribbean; 
MEA = Middle East and North Africa; NAM = North America; PAO = Pacific OECD; PAS = Other Pacific Asia SAS = South 
Asia; WEU = Western Europe.
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Overcoming the barriers

The energy savings identified in the Efficient World Scenar-
io will not be realized if market actors are left to their own 
devices. For that reason, the Efficient World Scenario rests 
on a raft of policy measures taken to overcome market 
barriers. Various countries have successfully implemented 
policies that were effective in saving energy. It is important 
to learn from those experiences and the approaches used.

Because the nature of the barriers to energy efficiency dif-
fers by the end use and economy considered, a portfolio 
of measures is needed. But, whatever the specifics of the 
sector or economy being addressed, certain key principles 
need to be adhered to. 

Make it visible. The energy performance of each energy 
end-use and service needs to be made visible to the mar-
ket. Governments need to ensure that the energy perfor-
mance of all major energy services and end-uses is mea-
sured and reported to consumers, clients, and statistical 
agencies in a consistent, accessible, timely, and reliable 
manner. Increased visibility lowers information costs, an 
important element of transaction costs. 

Make it a priority. The profile and importance of energy ef-
ficiency needs to be raised. Visibility stimulates market ac-
tors to consider energy efficiency, but is often not enough 
to motivate them to demand it. Governments need to take 
additional steps to ensure that the full value of higher en-
ergy efficiency is made clear to individuals and to society 
at large and integrated into decision-making processes in 
government, industry, and society.

Make it affordable. It is essential to identify and support 
business models, financing vehicles, and incentives that 
provide those who invest in energy efficiency an appropri-
ate share of the rewards that flow from efficiency improve-
ments. Tailored economic instruments such as tax policies, 
loans, grants, trading schemes, white certificates, public 
procurement, and investment in R&D or infrastructure are 

needed to address the various principal–agent barriers 
and other split incentives where investors may not directly 
reap the return on investments to energy efficiency, includ-
ing short asset-ownership periods vis-à-vis payback peri-
ods for building retrofits (Hilke and Ryan 2012). Perception 
of financial risk is another barrier to energy efficiency in-
vestment and can be overcome by lowering the risk premi-
ums applied to lending for energy efficiency projects and 
by providing risk guarantees, credit lines, mechanisms to 
standardize and bundle project types, and awareness and 
capacity-building efforts among the finance community.

Make it standard. Energy efficiency needs to be standard-
ized if it is to endure. Once a high-efficiency technology or 
service solution has been widely adopted, there is rarely a 
step backwards: the less-efficient technology or approach 
is rapidly forgotten, and the cost differentials for higher-ef-
ficiency technologies decline substantially as adoption 
rates increase. Under the Efficient World Scenario, a mix 
of regulations is deployed to prohibit the least-efficient ap-
proaches and to impose MEPS for equipment, vehicles, 
buildings, and power plants. 

Make it real. Monitoring, verification, and enforcement ac-
tivities are needed to verify claimed energy efficiencies. 
Without such efforts, experience has shown that savings 
will turn out to be less than expected, undermining policy 
objectives. Under the Efficient World Scenario, there is a 
substantial increase in the scale of such activities. 

Make it realizable. Achieving the supply and widespread 
adoption of energy-efficient goods and services depends 
on an adequate body of skilled practitioners in government 
and industry and requires improved energy efficiency gov-
ernance, including legislative frameworks, funding mecha-
nisms, institutional arrangements, and coordination bodies 
that work together to support the implementation of energy 
efficiency strategies, policies, and programs (IEA 2010).
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Annex 1: Proposed energy efficiency indicators for the medium term 

Sector

Energy intensity 
indicator  

proposed in this 
baseline report

Challenges 
associated with 

energy efficiency 
monitoring, using 

the proposed 
energy intensity 

indicators

Medium 
-term and  

preferred energy  
indicators to 
track energy  

efficiency

Rationale for  
increasing the 

scope of  
monitoring and 
data collection

Data  
sources

Residential Included under other 
sectors

Does not permit track-
ing of the sector, as it 
also includes trans-
port, residential, and 
others.

MJ/floor area
MJ/number of house-
holds
MJ/total 
population
MJ/end use (for ex-
ample space heating, 
cooking, cooling,  
appliances)

Floor area is a better 
proxy to identify 
changes in the resi-
dential sector.  

Household number 
can be informative, but 
size of each household 
may also be relevant. 

End-use energy 
consumption such 
as for space heating, 
cooling, and cooking 
needs is of importance 
to the residential sector 
main activities. 

Activity data such as 
floor area and number 
of households can be 
obtained from existing 
national census.  

Floor area measure-
ments should follow 
UN census guidelines.  

National household 
surveys also track total 
floor area on a more 
frequent basis. These 
surveys are essential 
to capture physical 
building and equip-
ment characteristics 
and total annual ener-
gy consumption. 

Energy consumption 
by end use can be 
estimated by com-
bining output from 
household surveys, 
metering/measuring of 
household activity, and 
modeling techniques. 
The final breakdown 
needs to be validated 
against total residential 
energy consumption 
from energy balances.
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Sector

Energy intensity 
indicator  

proposed in this 
baseline report

Challenges  
associated with 

energy efficiency 
monitoring, using 

the proposed 
energy intensity 

indicators

Medium-term and 
preferred energy  

indicators to 
track energy  

efficiency

Rationale for  
increasing the 

scope of  
monitoring and 
data collection

Data  
sources

Services MJ/service sector GDP There has been little 
evidence that the two 
variables are directly 
linked (that is, correlated).

Because of data disag-
gregation limitations, 
services value added 
includes residential, 
transport, and others. 
Therefore, the indicator 
combines sectors with 
very different intensities 
and drivers.

Using physical parame-
ters is a better indicator 
of energy efficiency 
improvements. 

MJ/floor area 

MJ/floor area by type of 
service 

Total floor area is one 
of the key physical vari-
ables essential to track 
overall improvement 
in the service sector 
efficiency. 

Long-term monitoring 
of the service sector 
by type of service (or 
type of building where 
service is provided) 
such as government 
and public buildings, 
education, hospitals, 
lodging, and so on.

In some sectors such 
as hospitals, number of 
hospital beds may be 
a better indicator of the 
activity in the building. 

Challenge will remain 
as some countries may 
choose to cut off sur-
veying of small entities 
and only focus on large 
institutions.

Services sector floor 
area can be derived 
from a number of  
sources such as national 
building surveys and 
business tax offices.

Some monitoring may 
be essential to capture 
the behavioral aspect of 
energy consumption in 
buildings.

Finally, bottom-up 
modeling and estima-
tion techniques will be 
needed as the sector is 
highly heterogeneous 
and some assumptions 
need to be made.

Industry Total industry MJ/GDP The variable is highly 
aggregated, missing 
the information at  
subsector level.

Literature points to poor 
correlation in monitor-
ing energy efficiency 
improvements industry 
based on value added 
alone.

Industry subsector MJ/
value added of industry 
subsector GDP

MJ/output volume

Where possible use 
physical output in the 
following sectors:  
aluminum, cement, iron 
and steel, pulp and 
paper, fertilizers, and 
others.

The existing IEA energy 
balances structure  
provides industry 
subsector information 
according to the UN 
ISIC code definitions. 

National energy 
consumption industry 
surveys. 

Physical activity data 
exist in international 
organizations.

Bottom-up modeling  
validated at the  
aggregate level against 
energy balances.
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Sector

Energy intensity 
indicator  

proposed in this 
baseline report

Challenges  
associated with 

energy efficiency 
monitoring, using 

the proposed 
energy intensity 

indicators

Medium-term and 
preferred energy  

indicators to 
track energy  

efficiency

Rationale for  
increasing the 

scope of  
monitoring and 
data collection

Data  
sources

Transport Included under other 
sectors

Does not permit track-
ing of the sector, as it 
also includes services, 
residential, and others.

MJ/vehicle-kilometers

MJ/passenger- 
kilometers

MJ/freight kilometers

MJ/total passenger 
vehicles

MJ/total freight  
vehicles

The need to split 
passenger and freight 
transport energy  
consumption in MJ.

Currently there are no 
publicly available global 
data that properly split 
passenger and freight 
transportation energy 
consumption. 

Within domestic bound-
aries, the IEA energy 
balances reports these 
data in aggregate form 
by road, rail, marine, 
and domestic aviation. 

Age of vehicles would 
be another important 
parameter to capture, 
especially in countries 
where used vehicles  
are imported.

National mobility  
surveys.

Tax offices where 
actively used vehicles 
are registered with data 
such as vehicle  
kilometers and age of  
vehicle.

Monitoring using the 
latest GPS data logger 
technology.

Modeling to estimate 
mode split and average 
fuel consumption of 
existing vehicle stock by 
mode type. 

Bottom-up modeling  
validated at the  
aggregate level  
against energy  
balances.

source: Authors.
note: GDP = gross domestic product; GPS = global positioning system; IEA = International Energy Agency;  
ISIC = International Standard Industrial Classification; MJ = megajoule.
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Annex 2: Overview of energy efficiency policies and targets by 
country and sector 

Australia Canada
EU member 

states
Japan Korea new  

Zealand
United 
States

Cross-sectoral

Energy 
efficiency 
strategy 
or target

Clean Energy 
Future Plan

National Strategy 
on Energy Effi-
ciency (NSEE)

Moving Forward 
on Energy  
Efficiency in  
Canada:  
Achieving  
Results to 2020 
and Beyond

National Energy 
Efficiency Action 
Plans

Innovative  
Energy Savings 
Plan September 
2012

The National 
 Energy Master 
Plan and Energy 
Use Rationaliza-
tion Master Plan

New Zealand 
Energy  
Efficiency  
and  
Conservation 
Strategy

Target: Cut in 
half the energy 
wasted in homes 
and businesses 
over the next 20 
years.

Energy efficiency 
action plans at 
state level.

Buildings and appliances

Building 
energy 
codes

Mandatory for 
new and existing 
residential and 
commercial 
buildings. Codes 
updated in 2011.

Voluntary  
national Energy 
Code for new 
and existing 
residential and 
commercial 
buildings,  
published in 
2011 for  
adoption by 
subnational 
regulators. 

Mandatory for 
new and existing 
buildings when 
renovation is 
undertaken.

Voluntary  
guidelines.

Mandatory for 
residential  
buildings and 
commercial 
buildings 
500–300 m². 
Codes updated 
in 2010. 

Mandatory for 
new residential 
and commercial 
buildings.

Mandatory for 
new residential 
and commercial 
buildings, and 
major renova-
tions, with some 
exceptions.  
Variation of  
stringency 
across states.

Energy 
labeling

National frame-
work replacing 
seven state and 
territory legisla-
tive frameworks. 

Seven appliances 
covered by the 
mandatory  
Energy Rating 
Labeling 
Scheme. 

Mandatory 
disclosure of 
commercial 
building energy 
efficiency.

Mandatory  
EnergyGuide 
label for eight 
major house-
hold appliances 
and light bulbs. 
International 
ENERGY STAR 
symbol  
promoted in 
Canada.

Energy  
performance 
certificates 
mandatory for all 
new buildings. 
Labeling in place 
for household 
appliances.

Voluntary build-
ing labeling  
program and 
Energy Star for 
office  
equipment.

Labeling system 
expanded from 
26 products in 
2011 to 35  
products in 2012.

Eight products 
covered.

Mandatory  
EnergyGuide 
labeling for most 
household  
appliances. 

Voluntary energy 
star labeling for 
over 60  
categories of 
appliances, 
equipment, and 
buildings.



187chapter 3: energy efficiency

Australia Canada
EU member 

states
Japan Korea new  

Zealand
United 
States

Buildings and appliances (continued)

Appliance, 
equipment 
and  
lighting 
MEPS

20 products 
covered.

47 products 
covered.

15 product 
groups covered 
by EcoDesign 
Directive.

Top Runner:  
23 products  
covered.

26 products 
covered.

16 products 
covered.

45 products 
covered.

Transport

Fuel- 
efficiency 
standards

LDV: Implemen-
tation from 2015.

HDV: Included 
in carbon price 
mechanism from 
2014. 

LDV: published 
October 2010 
for model years 
2011–2016.

HDV: under 
consideration.

LDV: 130 g/CO2 
per km by 2015.* 

HDV: under 
consideration.

*Switzerland 
is also imple-
menting these 
standards.

LDV: 16.8 km/l 
(45.1 mpg).

HDV: starting MY 
2015.

LDV: 17 km/l by 
2015; 140 g/CO2 
per km by 2015.

HDV: starting 
after 2015

None LDV: 34.1 mpg 
by 2016 (6.90 
l/100 km); large 
increases by 
2025. 

HDV: starting MY 
2014.

Fuel- 
efficiency 
labeling 

LDV: Yes

HDV: None

LDV: EnerGuide 
Label

HDV: None

LDV: Yes

HDV: None

LDV: Yes

HDV: Yes

LDV: Yes

HDV: None

LDV: Yes

HDV: None

LDV: Yes

HDV: None

Fiscal 
incentives 
for new 
efficient 
vehicles

None Several provinces 
and territories 
offer incentives 
or rebates for 
the purchase of 
fuel-efficient  
vehicles,  
including EVs.

Most countries 
align vehicle 
taxes with CO2 
emissions.

Registration tax-
es according to 
CO2 emissions 
and fuel econ-
omy.

None None Tax at federal 
level; 20 states 
plus DC offer tax 
incentives,  
rebates, or 
voucher  
programs for  
advanced 
vehicles (EVs, 
PHEVs, HEVs, 
and/or fuel cell 
vehicles)
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Australia Canada
EU member 

states
Japan Korea new  

Zealand
United 
States

industry

Energy 
man-
agement 
programs

Energy Efficiency 
Opportunities 
(EEO) Program 
mandatory for 
corporations 
using more than 
0.5 PJ of energy 
per year. Expan-
sion of program 
announced. 

ecoEnergy  
Efficiency for  
Industry  
program, which 
supports the 
early implemen-
tation of the 
new ISO 50001 
Energy Manage-
ment Systems 
standard.

Voluntary  
agreements in 
place in Belgium 
(Flanders),  
Denmark, 
Finland, Ireland, 
Netherlands, 
Sweden.

Energy managers 
required for large 
industries.

Voluntary Energy 
Saving through 
Partnership 
program.

Energy  
management 
diagnostic tools, 
training for 
energy  
managers and 
other support. 

Voluntary energy 
management 
certification 
program,  
implementation 
of ISO 50001.

Technical  
support  
programs in 
place, especially 
for SMEs.

MEPS for 
electric 
motors

IE2 for three-
phase industrial 
electric motors.

Must meet or  
exceed the 
efficiencies 
outlined in either 
table 2 or table 
3 of CAN/CSA 
C390-10.

IE3 (premium 
efficiency).

MEPS for three-
phase induction 
motors <7.5kW 
by 2015; all IE3 
(IE2+Variable 
Speed Drive) in 
2017.

Adding three-
phase induction 
MEPS to Top 
Runner program.

IE2 (high 
efficiency) three-
phase electric 
motors.

MEPS are in 
place at level II 
Standards.  
Investigation 
under way to 
advance to level 
III.

IE3 (premium- 
efficiency) MEPS 
for three-phase 
induction motors.
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Russia China india Brazil
South  
Africa Mexico

Cross-sectoral

2009 Federal 
Law

No. 261-FZ on 
energy saving 
and improving 
energy  
efficiency; 
reduce energy 
intensity by 
40 percent by 
2020.

12th Five Year 
Plan (2011–2015): 
target to reduce 
energy intensity 
by 16 percent by 
2015.

11th Five-Year 
plan

(2007–2012): 
target to improve 
energy efficiency 
by 20 percent. 
An “Approach 
to the 12th Five-
Year” has been 
published.

2011 National 
Energy

Efficiency Plan: 
reduce projected 
power consump-
tion by 10 percent 
by 2030.

Energy 
Efficiency 
Strategy of the 
Republic of 
South Africa: 
sets a national 
target of  
energy 
efficiency 
improvement 
of 12 percent 
by 2015.

2008 Law on 
Sustainable 
Energy Use

Goal: reduce 
electricity 
demand 12 
percent by 
2020 and 18 
percent by 
2030.

Buildings and appliances

Building 
energy 
codes

Mandatory 
building codes 
(but not yet fully 
implemented). 

Mandatory codes 
for all new large 
residential build-
ings in big cities. 

Energy Conser-
vation Building 
Code (2007), 
with voluntary 
guidelines for 
commercial 
and residential 
buildings.

Voluntary  
guidelines in 
place.

National  
Building 
Regulation 
with voluntary 
guidelines for 
new buildings. 

National  
Thermal 
Insulation 
and Lighting 
Standards for 
commercial 
buildings.

Energy 
labeling

Information on 
energy  
efficiency  
classes for 
appliances 
required since 
January 2011.

Labeling  
mandatory for 
new, large, 
commercial and 
governmental 
buildings in big 
cities.

Voluntary Star 
Ratings for office 
buildings.

Voluntary for 
residential and 
commercial  
buildings.

Voluntary 
Green Star 
South Africa 
label.

Green  
Building  
Labeling 
System.

Appli-
ance, 
equip-
ment and 
lighting 
MEPS

Phaseout of 
incandescent 
>100 watt 
bulbs.

46 products  
covered by  
labeling schemes.

Mandatory S&L 
for room air 
conditioners  
and refrigerators, 
voluntary for 5 
other products.

13 products  
covered by  
voluntary labels.

Standards 
under  
development 
for lighting; 
planned for air 
conditioners, 
solar water 
heaters, heat 
pumps, and 
shower heads.

Standards 
for freezers, 
refrigerators, 
washing 
machines, 
and fluores-
cent lamps; 
186 products 
covered by 
mandatory 
labels.
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source: IEA.
note: CAN/CSA = Canadian Standards Association; CO2 = carbon dioxide; EV = electric vehicle; HDV = heavy-duty vehi-
cle; HEV = hybrid-electric vehicle; IE2 = high-efficiency motor; IE3 = premium efficiency motor; MEPS = minimum energy 
performance standards; ISO = International Organization for Standardization; kW = kilowatts; LDV = light-duty vehi-
cle; mpg = miles per gallon; PAT = Perform, Achieve, Trade; PHEVs = plug-in hybrid electric vehicle; PJ = petajoule; PLDV 
= passenger light-duty vehicle; S&L = standards and labeling; SME = small and medium enterprise.

Russia China india Brazil
South  
Africa Mexico

Transport

Fuel- 
efficiency 
standards

None PLDV: 6.9l/100 km 
by 2015,  
5.0 l/100 km by 
2020; trucks:  
proposed MY 
2015.

HDV: None

LDV: Under 
development 

HDV: None

None None LDV: Average 
new car fleet 
average fuel 
economy of 
14.9 km/l (35 
mpg) in 2016

HDV: None

Fuel- 
efficiency 
labeling 

None LDV: Yes

HDV: None

None None None None

Fiscal 
incentives 
for new 
efficient 
vehicles

None Acquisition tax 
based on

Registration 
taxes by vehicle 
and engine size, 
sales incentives 
for advanced 
vehicles.

None None None

Industry

Energy 
man-
agement 
programs

Periodic energy 
audits required 
for some  
industries. 

Top 10,000 
program setting 
energy savings 
targets by 2015 for 
the largest 10,000 
industrial consum-
ers.

PAT in force 
since 2011. 
Audits mandated 
for designated 
consumers.

None. Voluntary  
“Energy  
Efficiency 
and Energy 
Demand 
Management 
Flagship 
Programme” 
involving 24 
major indus-
trial energy 
users and 
associations. 

MEPs for 
electric 
motors

None High-efficiency 
(IE2) MEPs for 
three-phase 
induction motors 
in place.

None High-efficiency 
(IE2) MEPs for 
three-phase 
induction motors 
in place.

None Premium 
efficiency (IE3) 
for output 
power ratings 
of 0.75−150 
kW 
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Annex 3: Specific energy consumption of energy-intensive products

Sector or 
process Current practice Best available practice benchmarks 

Iron and steel 90 percent of the production of crude 
steel is in the range of 14–30 GJ final 
energy/ton. Includes total energy con-
sumption for steel production—from 
coke making to furnace firing to steel 
finishing—and refers to crude steel 
production. Electricity consumption is 
not corrected for the efficiency of power 
generation.

Practical minimum energy consumption for a blast 
furnace is 10.4 GJ/t iron.

Cement Dry-process kilns thermal energy consumption:  
2.9–3.3 GJ/t clinker.

Dry-process kilns electricity consumption:  
95–100 kWh/t cement.

Chemicals and 
petrochemicals

Olefin production from steam cracking:  
12 GJ/t olefin (excluding feedstocks).

Ammonia production from natural gas:  
11 GJ/t ammonia (excluding feedstocks).

Methanol production from natural gas:  
9 GJ/t methanol (excluding feedstocks).

Aluminum Total fuel and electricity consumption of Bayer process: 
9.5–10 GJ/t alumina. 

The current best practice of Hall–Heroult electrolysis 
cells (using currents of 300–315 kA) is estimated at 
12.9–13 MWh/t aluminum.

Pulp and paper Large modern chemical pulp mills are 
largely self-sufficient in energy terms, 
using only biomass and delivering sur-
plus electricity to the grid. Steam con-
sumption of 10.4 GJ/ adt and an excess 
of electricity production of 2 GJ/adt. 

Mechanical pulping 7.5 GJ elec/t.

Chemical pulping 12.5 GJ/t + 2.08 GJ elec/t.

Waste paper pulp 0.5GJ/t + 0.36 GJ elec/t.

De-inked waste paper pulp 2.0 GJ/t + 1.6 GJ elec/t.

Depending on final paper quality energy intensities 
vary from 3.7 –5.3 GJ/t + 1.8–3.6 GJ elec/t.

The tables below list the status of energy consumption in major industries, along with the existing best practices and their 
savings potential. 

source: : IEA.
note: GJ/adt = gigajoule/air dry ton pulp; kA = kilo ampere; kWh = kilowatt-hour; MWh/t = megawatt-hour/ton.
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improvement potential (%) Total savings potential 
(EJ/year)

Share of 
energy 

costs (%)

Sectors and products
Industrializing 

countries

Developed 
countries  
(including 

economies in 
transition)

Industrializing 
countries

Developed 
countries  
(including 

economies in 
transition)

Industrializing 
and develop-
ing countries 

(including 
economies in 

transition)

Petroleum refineries 10–25 40–45 0.7 2.9 50–60

Chemical and petrochemical 0.5 1.8

50–85Steam cracking (excl. feedstock) 20–25 25–30 0.4 0.3

Ammonia 11 25 0.1 0.3

Methanol 9 14 0.0 0.1

Nonferrous 0.3 0.7 30

Alumina production 35 50 0.1 0.5 35–50

Aluminum smelters 5–10 5 0.1 0.15 —

Copper smelters 45–50 0.0 0.1 —

Zinc 16 46 0.0 0.1 10–30

Iron and steel 10 30 0.7 5.4

Nonmetallic minerals 0.8 2.0 25–50

Cement 20 25 0.4 1.8 40

Lime

30–35 40 0.4 0.2

7–20

Glass 30–50

Ceramics 15–35

Pulp and paper 25 20 1.3 0.3 5–25

Textile

10 20 0.1 0.3

5–25

Spinning 5–15

Weaving

Food and beverages 25 40 0.7 1.4 1–10

Total of all sectors  
(excl. feedstock)

15 30–35 7.6 23 –

source: UNIDO 2010.

Comparison of estimated short-term potential for industrial energy savings in industrialized and developing countries, 2007


