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Summary

Ratios that link energy consumption, or its related

emissions, to the economic value generated
accommodate the differing progress on economic
better

Policymakers are increasingly using

development of nations than absolute
measures.
indicators such as energy efficiency, intensity, and
productivity to address the interrelated issues of
economic security, and

development, energy

environmental sustainability.

Although setting formal targets in terms of energy
intensity has helped to build consensus on several
issues, policymakers have an opportunity to enroll
even greater public support through the use of
energy productivity.

Energy productivity and energy intensity may be
reciprocals that share the same components and
policy-relevant attributes. But energy productivity

has important advantages—the differences between
the two measures go beyond semantics. Productivity
has a more positive connotation, is more intuitive, is
aligned with efficiency, and portrays grander
ambition. From a behavioral economics perspective,
these traits can help frame policies that yield more

meaningful improvements.

The mathematical representation of energy intensity
makes comparisons of relative change across time
and countries more difficult because of something
we call the energy intensity illusion—the metric
appears to converge towards a mean. Energy
productivity’s mathematical representation, on the
other hand, avoids this illusion, providing additional
insight and making it a more directly relevant
measure of a country’s economy, energy, and
environmental performance.
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Aligning policy agendas

All nations face the challenges of economic
competitiveness, availability of energy resources,
and environmental sustainability—and the tradeoffs
that inevitably arise between these and other factors
at play. Does a nation have access to the affordable
energy resources required to fuel its economic
growth objectives or is its weak economic standing
limiting its access to energy? Will its economic
aspirations come at the expense of the environment
or will environmental policies thwart economic
competitiveness? These questions are faced by many
nations, developed and developing alike.

Energy efficiency, energy intensity (and the closely-
related carbon intensity), and energy productivity
have been used by policymakers around the world in
response to global climate change concerns.
Intensity targets have been seen as more acceptable
than absolute greenhouse gas emission limits
because they allow for emissions to grow in absolute
terms as economies develop, even as they fall in
relative terms. Although most formal targets have
been set in terms of energy intensity, and this has
helped to build consensus on several issues, there
are important reasons to believe that energy
productivity provides a better way forward.

How can that be if energy productivity and energy
intensity are merely reciprocals? The distinction
between the two metrics may seem purely semantic
at first, but we will explain the differences and their
importance to analyzing performance and framing
policy targets in this briefing.

The stakes are high. Energy is a key input to
economic processes. However, energy consumption
is also the largest source of greenhouse gas
emissions. Consuming energy in the most
economically efficient manner possible can reduce

the growth trajectory of greenhouse gas emissions

while enhancing economic competitiveness and
relieving demand pressures on energy resources. The
McKinsey Global Institute estimates that the
implementation of energy productivity opportunities
—such as retrofitting buildings, switching to hybrid-
electric cars, and other measures—could offset 80
percent of currently expected growth in global
energy demand through 2030.

Energy productivity, a measure of economic output
per unit of energy consumption, aligns more directly
with economic, energy, and environmental policy
agendas than energy intensity and other measures.
Energy productivity is more intuitive, has a more
positive  connotation, influences  behavioral
responses differently, and is more informative than
energy intensity. It may lead to more popular support
for policies and greater understanding of relative

performance and opportunities for improvement.

Energy productivity, intensity, and
efficiency

At an economy-wide level, energy productivity is
the amount of economic output—such as gross
domestic product (GDP)—achieved per unit of
energy consumption. General measures of
productivity can be computed on an average or
marginal basis, but energy productivity is normally
calculated in average terms. As a metric, energy
productivity provides insights into a country’s
economic competitiveness, environmental
performance, and opportunities for improvement. As
a concept, energy productivity can serve as the
foundation for policy options that align economic,

energy, and environmental considerations.

Energy intensity is the reciprocal: the amount of
energy consumed per unit of economic output.

Both measures are used as broad indicators of a
nation’s energy efficiency. The United Nations
Foundation, for example, defines energy efficiency
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improvements as the reciprocal of reduction in
energy intensity (i.e. energy productivity). This
casual usage as a synonym obscures a deeper truth—
energy productivity and intensity are influenced by
many factors in addition to the energy efficiency of
underlying economic components and processes.
These include the structure of a nation’s economy,
geography,
endowments, and other factors.

its  climate, physical resource

The structure of a nation’s economy, which is
typically related to its stage
development, plays an important role. An economy

of economic

that produces a greater share of its economic output
from energy intensive sectors such as cement and
steel exhibits lower energy productivity than an
economy with higher value added sectors and little
financial services and

energy use, such as

pharmaceuticals. Within the world’s twenty largest

economies, two distinct patterns of energy
productivity dynamics are prevalent. Figure 1
illustrates the first. In developed economies, the
expansion of the service sectors relative to
manufacturing has led to rapid increases in GDP at
the same time as energy consumption levels
stabilized, with little tangible increase over time.
Therefore, these countries have made large energy
productivity gains, as seen by their crossing of
multiple iso-energy-productivity lines. Countries
within the same iso regions in the figure have similar
energy productivities, even with disparate energy use

and GDP levels.

By contrast, Figure 2 shows how developing and
transition economies in the G-20 have seen their
energy consumption increase rapidly, but with
smaller relative gains in GDP as they undergo rapid
industrialization. Their relative energy productivity
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Figure 1: Similar trends of GDP expansion and energy use stabilization in large economies from 1980-2010. Iso lines for various energy productivity levels are
included to show relative performance and changes over time. For example, points A and B show similar energy productivity at quite different levels of energy use
and economic development. Note: Data for Russia and Poland begins in 1990. The United States is at one-third scale for easier comparison. Inset shows

unadjusted values. Data source: World Bank
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Figure 2: Similar trends of GDP expansion with rising energy consumption from 1980-2010. Iso lines for various energy productivity levels are
included to show relative performance and changes over time. Note: Data for India and China are scaled at one-half and one-fifth scales, respec-
tively, for easier comparison. Inset shows unadjusted values. Data source: World Bank

Country Target Baseline Target Year
China 15% energy intensity reduction 2010 2015
Germany ﬁﬁgﬁ)\i\aﬁr:gte annual energy productivity 2008 2020
Indonesia 1% energy intensity reduction per year 2005 2025
Japan 30% energy efficiency improvement 2003 2030
Russia 40% energy intensity reduction 2007 2020
South Africa 12% reduction in final energy consumption Reference scenario 2015
South Korea 46% energy intensity reduction 2007 2030
Turkey 20% energy intensity reduction 2008 2023
United Kingdom | 18% reduction in final energy consumption Reference scenario 2020

Source: Adapted from European Commission reports, and ABB, 2013.

Table 1: A cross-section of energy performance targets.
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gains therefore lag those of developed nations over
the last two decades.

Policymakers and analysts use energy metrics as
proxies for economic, energy, and environmental
performance, and to formulate policy targets.
Targets can take the form of productivity
improvements, absolute energy

reductions, or decreases in energy intensity. A cross-

consumption

section of targets is provided in Table 1. Of the two
metrics discussed here, energy intensity is used more
often. Some nations have adopted energy and carbon
intensity  targets because they accommodate
economic and emissions growth better than absolute
targets. Most notably, three of the largest energy
consumers in the world, China, India, and the United
States have set intensity-based targets since the start

of the millennium.

Energy productivity advantages

Although energy productivity and energy intensity
are based on the same components, and share policy-
relevant attributes, the two indicators evoke different
responses. There are a number of facets to this,
including:

Positive connotation

The differences begin with the connotations of the
words themselves. ‘Productivity’ conveys a more
positive quality than ‘intensity’. This should not be
dismissed as trivial — a positive quality can have
potentially meaningful policy impact. Sher and
McKenzie, in 2008, described how psychology and
behavioral economics research has found that people
react differently to choices based on how they are
presented or framed.

Behavioral differences

Describing changes in energy productivity is also
more intuitive and positively-framed than when

expressed in terms of intensity. An improvement in
energy productivity is represented by an increase in
its value, whereas energy intensity improvements are
represented by a decrease in value. This is not a new
observation. Levin and Gaeth, in 1988, and Duchan,
et al.,, in 1989, observed that objects and choices
described in positive terms are preferentially adopted
or have higher performance compared to identical
alternatives described in negative terms. The
difference between productivity and intensity is

therefore not inconsequential.
Aligning with efficiency

Energy productivity is likely to resonate more
widely amongst policymakers. Indicators like labor
productivity (GDP or value added per hour worked)
are already widely used by policy analysts.
Notwithstanding the vernacular confusion noted
earlier, energy productivity is closely aligned with
the widely understood concept of energy efficiency,
both being measures of output divided by input.
Indeed, at a disaggregated, sector-specific or process
-level basis, energy productivity becomes almost
synonymous with energy efficiency.

Instinctive understanding

The general public and, most likely, policymakers
also have a more instinctive understanding of
currency than units of energy consumption. The
different units used to express energy productivity
and energy intensity have implications for framing
policies and understanding relative performance.
Energy productivity is measured in dollars of GDP
per unit of energy, which is more readily understood
given the well-established frame of reference for
monetary values. By contrast, energy intensity is
measured in energy consumption units (e.g. tons of
oil equivalent, British thermal units, or joules) per
unit of GDP. Although the same units are used in
both measures, the primary unit for productivity is
one that is more intuitive.
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Figure 3: Changes in energy intensity for select countries, 1980-2011. Energy and GDP data source: World Bank.
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Figure 4: Changes in energy productivity for the same countries in Figure 3.2, 1980-2011. Same data source as above.
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Energy Intensity Energy Productivity
(toe/thousand Int dollars of GDP, PPP) (Int dollars of GDP, PPP/toe)

1980 2011 Change Zercent Change Percent

1980-2011 hange 1980 2011 19802011  Change

Country 1980-2011 1980-2011
China 2.41 0.24 -217 -90% 410 4,160 3,750 915%
India 0.69 0.17 -0.52 -75% 1,450 5,990 4,540 313%
Canada 0.71 0.18 -0.53 -75% 1,410 5,670 4,260 302%
United States 0.63 0.14 -0.49 -78% 1,590 7,090 5,500 346%
South Africa 0.56 0.26 -0.30 -54% 1,780 3,910 2,130 120%
UK 0.42 0.08 -0.34 -81% 2,370 12,040 9,670 408%
Japan 0.35 0.11 -0.24 -69% 2,890 9,370 6,480 224%
Saudi Arabia 0.20 0.23 0.03 15% 5,090 4,410 -680 -13%

Table 2: Changes in energy intensity and energy productivity from 1980 — 2011 for select countries.

Portrayal of grander ambition time when comparing performance between

economies. Over the past thirty years nations have
Intensity and productivity targets are typically set

relative to some base year. For example, in 2009,

mostly seen their energy intensities decrease because

of increasing GDP, lower energy consumption, or a

Sweden adopted a national target of cutting energy combination of both. GDP is generally increasing

intensity by 20 percent by 2020. The amplified faster than changes in energy consumption, and

dynamics of energy productivity targets can give since GDP is the denominator in energy intensity,

them broader appeal with policymakers and the changes over time exhibit a pattern of decay. Over

public, not only because they are framed as positive time the changes become infinitesimal compared to

actions, but also because such targets appear more the base year, and countries appear to stabilize to the

ambitious than the equivalent intensity target. For same fixed, tangent energy intensity level (Figure 3).

example, a goal of reducing energy intensity by 50
percent can instead be framed as a doubling or a 100

percent increase in energy productivity. Decaying to the mean gives rise to the energy

intensity illusion

If Sweden had framed their 2009 energy goal in
productivity terms, they would have been promoting Because of this pattern of decay, developed nations

a larger increase in energy productivity than the 20 appear to lag developing nations in efforts to reduce

percent decrease in energy intensity. Behavioral their energy intensity. For example, between 1980

economics research has shown that more ambitious and 2011, China’s energy intensity fell 90 percent,

targets aref perceived more fa'V0rably when setting from 2.41 to 0.24 toe/thousand dollars (international,
goals relative to a reference point. PPP), while Japan’s fell 71 percent, from 0.35 to
0.11 toe/thousand dollars (international, PPP).

Although China’s decrease was larger on a

The mathematical representation of the indicators percentage basis and in absolute terms than Japan’s,
also affects the perception of relative change over by some measures Japan actually delivered a greater

Decaying to the mean
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societal benefit because of something we call the
energy intensity illusion.

The energy intensity illusion

By converting the same data into energy productivity
terms, we find that although China’s improvements
in percentage terms (915%) were larger than Japan’s
(224%), Japan actually made a larger improvement
in absolute terms ($6480/toe) than China’s ($3750/
toe). The differences in relative performance
between nations becomes clearer when the same data
from Figure 3 are plotted as energy productivity
(Figure 4), and when the energy intensity and
productivity changes are presented side-by-side
(Table 2 and Figure 4, and note the widening gap
between the two countries). The aim of this exercise
is not to diminish the impressive improvements that
countries like China have made, but rather to show
that the gaps in performance between countries are
larger than energy intensity values might suggest,
leaving more room to create additional value from
energy usage to the benefit of society.

The illusion occurs because energy intensity is a
ratio, and therefore has a curvilinear relationship

with its reciprocal, energy productivity. Countries
with a high relative energy intensity (such as China,
Saudi Arabia, and South Africa) have a relatively
low energy productivity. Large energy intensity
reductions in these countries, therefore, may only
translate  into  small  energy  productivity
improvements (Figure 5). By contrast, for countries
characterized by lower energy intensity — and thus
higher energy productivity — such as Japan and the
UK, a small energy intensity reduction translates

into large energy productivity gains (Figure 5).

Energy productivity represents maximizing value

creation from resource consumption, as opposed
to minimizing resource use per unit of output

Larrick and Soll identified a similar illusion in 2008
when comparing changes in motor vehicle fuel
efficiency in terms of miles per gallon (MPG) versus
gallons per mile (GPM). The perception is that a
change from 15 MPG to 16 MPG results in
equivalent fuel savings as improving fuel efficiency
from 35 MPG to 36 MPG. This perception is
incorrect because of the same curvilinear properties
seen in energy productivity and intensity. An

Energy
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Figure 5: Left: Large reductions (Elo to El1) in energy intensive countries translate into small energy productivity gains (EPo to EP4). Right: In coun-
tries with low energy intensities, small intensity reductions (Elo to El1) translate into large energy productivity improvements (EPo to EP).
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efficiency improvement of 15 MPG to 16 MPG
actually yields over five times more fuel savings
than going from 35 MPG to 36 MPG.

The authors argued that using GPM to measure
vehicle fuel efficiency is more indicative of the
amount of fuel saved when making a motor vehicle
efficiency improvement. By the same measure,
energy productivity is a more directly relevant
measure of a country’s economy, energy, and
environmental performance because it represents
maximizing value creation from resource
consumption, as opposed to minimizing resource use
per unit of output. While the former is a noble goal
from the point of view of conservation, the latter is
actually the more worthwhile objective, as it
contributes directly to increasing societal benefits
and human welfare with the least amount of energy

expenditure.

Conclusions

A variety of indicators, targets, and policy options
are available to policymakers to help manage
economic competitiveness, energy security, and
environmental quality issues. Policymakers have an
opportunity to enroll greater public support by
focusing on energy productivity rather than energy

intensity.
Although the differences between energy
productivity and energy intensity may seem

inconsequential on the surface, the implications are
not. The two indicators are more than just
reciprocals of one another. Energy productivity
conveys a more positive message, aligning it more
closely with principles of behavioral economics
including cognitive framing and bounded rationality.
It is expressed in monetary terms, making it more
intuitive to a wider audience. Furthermore, the
mathematical representation of energy productivity
can provide additional insights into the relative

performance of nations over time and actually
enhance the framing of policies.

Nations have seen the value of building consensus
around intensity measures, but have overlooked the
potential benefits that a productivity prospective
provides. Ultimately, energy productivity can be a
useful indicator for measuring economic, energy,
and environmental performance, or for creating
policy targets in all countries, regardless of whether
they have existing intensity-based programs or not.
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