
Coal-burning factories in 19th-century Manchester, England.
Improved technology allowed coal to fuel the Industrial
Revolution, greatly increasing the consumption of coal.

Jevons paradox
In economics, the Jevons paradox, or
Jevons effect, is said to occur when
technological improvements that increase
the efficiency of a resource's use lead to a
rise, rather than a fall, in total
consumption of that resource.[1][2][3][4]

Greater efficiency reduces the amount of
the resource needed per application,
lowering its effective cost; if demand is
sufficiently price elastic, this induces
demand, frequently resulting in a net
increase of total resource consumption.[5]

In 1865, the English economist William
Stanley Jevons observed that
technological improvements that
increased the efficiency of coal use led to
the increased consumption of coal in a
wide range of industries. He argued that, contrary to common intuition, technological progress could not
be relied upon to reduce fuel consumption.[6][7]

The issue has been re-examined by modern economists studying consumption rebound effects from
improved energy efficiency. In addition to reducing the amount needed for a given use, improved
efficiency also lowers the relative cost of using a resource, which increases the quantity demanded. This
may counteract (to some extent) the reduction in use from improved efficiency. Additionally, improved
efficiency increases real incomes and accelerates economic growth, further increasing the demand for
resources. The Jevons paradox occurs when the effect from increased demand predominates, and the
improved efficiency results in a faster rate of resource use.[7]

Considerable debate exists about the size of the rebound in energy efficiency and the relevance of the
Jevons paradox to energy conservation. Some dismiss the effect, while others worry that it may be self-
defeating to pursue sustainability by increasing energy efficiency.[5] Some environmental economists
have proposed that efficiency gains be coupled with conservation policies that keep the cost of use the
same (or higher) to avoid the Jevons paradox.[8] Conservation policies that increase cost of use (such as
cap and trade or green taxes) can be used to control the rebound effect.[9]
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William Stanley Jevons, after
whom the effect is named

The Jevons paradox was first described by the English economist
William Stanley Jevons in his 1865 book The Coal Question. Jevons
observed that England's consumption of coal soared after James Watt
introduced the Watt steam engine, which greatly improved the
efficiency of the coal-fired steam engine from Thomas Newcomen's
earlier design. Watt's innovations made coal a more cost-effective
power source, leading to the increased use of the steam engine in a
wide range of industries. This in turn increased total coal
consumption, even as the amount of coal required for any particular
application fell. Jevons argued that improvements in fuel efficiency
tend to increase (rather than decrease) fuel use, writing: "It is a
confusion of ideas to suppose that the economical use of fuel is
equivalent to diminished consumption. The very contrary is the
truth."[6]

At that time, many in Britain worried that coal reserves were rapidly
dwindling, but some experts opined that improving technology would
reduce coal consumption. Jevons argued that this view was incorrect, as further increases in efficiency
would tend to increase the use of coal. Hence, improving technology would tend to increase the rate at
which England's coal deposits were being depleted, and could not be relied upon to solve the
problem.[6][7]

Although Jevons originally focused on coal, the concept has since been extended to other resources, e.g.,
water usage.[10] The Jevons paradox is also found in socio-hydrology, in the safe development paradox
called the reservoir effect, where construction of a reservoir to reduce the risk of water shortage can
instead exacerbate that risk, as increased water availability leads to more development and hence more
water consumption.[11]

Economists have observed that consumers tend to travel more when their cars are more fuel efficient,
causing a 'rebound' in the demand for fuel.[12] An increase in the efficiency with which a resource (e.g.,
fuel) is used causes a decrease in the cost of using that resource when measured in terms of what it can
achieve (e.g., travel). Generally speaking, a decrease in the cost (or price) of a good or service will
increase the quantity demanded (the law of demand). With a lower cost for travel, consumers will travel
more, increasing the demand for fuel. This increase in demand is known as the rebound effect, and it may
or may not be large enough to offset the original drop in fuel use from the increased efficiency. The
Jevons paradox occurs when the rebound effect is greater than 100%, exceeding the original efficiency
gains.[7]

The size of the direct rebound effect is dependent on the price elasticity of demand for the good.[13] In a
perfectly competitive market where fuel is the sole input used, if the price of fuel remains constant but
efficiency is doubled, the effective price of travel would be halved (twice as much travel can be
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Elastic Demand: A 20% increase in efficiency causes a 40%
increase in travel. Fuel consumption increases and the Jevons
paradox occurs.

Inelastic Demand: A 20% increase in efficiency causes a 10%
increase in travel. The Jevons paradox does not occur.

purchased). If in response, the amount of
travel purchased more than doubles (i.e.,
demand is price elastic), then fuel
consumption would increase, and the
Jevons paradox would occur. If demand
is price inelastic, the amount of travel
purchased would less than double, and
fuel consumption would decrease.
However, goods and services generally
use more than one type of input (e.g. fuel,
labour, machinery), and other factors
besides input cost may also affect price.
These factors tend to reduce the rebound
effect, making the Jevons paradox less
likely to occur.[7]

As an example of where the paradox did
not occur, large improvements in farming
productivity (including the Third
Agricultural Revolution) led to lower
food prices but did not result in increased
demand for food. (Demand for food is
inelastic.) This instead led to lower
employment in the farming sector, which
declined from 40% of Americans in 1900
to less than 2% in 2024.[14]

The following conditions are necessary
for a Jevons paradox to occur:[14]

1. Technological change which
increases efficiency or
productivity

2. The efficiency/productivity boost must result in a decreased consumer price for such goods
or services

3. That reduced price must drastically increase quantity demanded (demand curve must be
highly elastic)

In the 1980s, economists Daniel Khazzoom and Leonard Brookes revisited the Jevons paradox for the
case of society's energy use. Brookes, then chief economist at the UK Atomic Energy Authority, argued
that attempts to reduce energy consumption by increasing energy efficiency would simply raise demand

Conditions

Khazzoom–Brookes postulate
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for energy in the economy as a whole. Khazzoom focused on the narrower point that the potential for
rebound was ignored in mandatory performance standards for domestic appliances being set by the
California Energy Commission.[15][16]

In 1992, the economist Harry Saunders dubbed the hypothesis that improvements in energy efficiency
work to increase (rather than decrease) energy consumption the Khazzoom–Brookes postulate, and argued
that the hypothesis is broadly supported by neoclassical growth theory (the mainstream economic theory
of capital accumulation, technological progress and long-run economic growth). Saunders showed that
the Khazzoom–Brookes postulate occurs in the neoclassical growth model under a wide range of
assumptions.[15][17]

According to Saunders, increased energy efficiency tends to increase energy consumption by two means.
First, increased energy efficiency makes the use of energy relatively cheaper, thus encouraging increased
use (the direct rebound effect). Second, increased energy efficiency increases real incomes and leads to
increased economic growth, which pulls up energy use for the whole economy. At the microeconomic
level (looking at an individual market), even with the rebound effect, improvements in energy efficiency
usually result in reduced energy consumption.[18] That is, the rebound effect is usually less than 100%.
However, at the macroeconomic level, more efficient (and hence comparatively cheaper) energy leads to
faster economic growth, which increases energy use throughout the economy. Saunders argued that taking
into account both microeconomic and macroeconomic effects, the technological progress that improves
energy efficiency will tend to increase overall energy use.[15]

Jevons warned that fuel efficiency gains tend to increase fuel use. However, this does not imply that
improved fuel efficiency is worthless if the Jevons paradox occurs; higher fuel efficiency enables greater
production and a higher material quality of life.[19] For example, a more efficient steam engine allowed
the cheaper transport of goods and people that contributed to the Industrial Revolution. Nonetheless, if
the Khazzoom–Brookes postulate is correct, increased fuel efficiency, by itself, will not reduce the rate of
depletion of fossil fuels.[15]

There is considerable debate about whether the Khazzoom–Brookes Postulate is correct, and of the
relevance of the Jevons paradox to energy conservation policy. Most governments, environmentalists and
NGOs pursue policies that improve efficiency, holding that these policies will lower resource
consumption and reduce environmental problems. Others, including many environmental economists,
doubt this 'efficiency strategy' towards sustainability, and worry that efficiency gains may in fact lead to
higher production and consumption. They hold that for resource use to fall, efficiency gains should be
coupled with other policies that limit resource use.[5][17][20] However, other environmental economists
argue that, while the Jevons paradox may occur in some situations, the empirical evidence for its
widespread applicability is limited.[21]

The Jevons paradox is sometimes used to argue that energy conservation efforts are futile, for example,
that more efficient use of oil will lead to increased demand, and will not slow the arrival or the effects of
peak oil. This argument is usually presented as a reason not to enact environmental policies or pursue fuel
efficiency (e.g., if cars are more efficient, it will simply lead to more driving).[22][23] Several points have
been raised against this argument. First, in the context of a mature market such as for oil in developed
countries, the direct rebound effect is usually small, and so increased fuel efficiency usually reduces
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resource use, other conditions remaining constant.[12][18][24] Second, even if increased efficiency does not
reduce the total amount of fuel used, there remain other benefits associated with improved efficiency. For
example, increased fuel efficiency may mitigate the price increases, shortages and disruptions in the
global economy associated with crude oil depletion.[25] Third, environmental economists have pointed
out that fuel use will unambiguously decrease if increased efficiency is coupled with an intervention (e.g.,
a fuel tax) that keeps the cost of fuel use the same or higher.[8]

The Jevons paradox indicates that increased efficiency by itself may not reduce fuel use, and that
sustainable energy policy must rely on other types of government interventions as well.[9] As the
imposition of conservation standards or other government interventions that increase cost-of-use do not
display the Jevons paradox, they can be used to control the rebound effect.[9] To ensure that efficiency-
enhancing technological improvements reduce fuel use, efficiency gains can be paired with government
intervention that reduces demand (e.g., green taxes, cap and trade, or higher emissions standards). The
ecological economists Mathis Wackernagel and William Rees have suggested that any cost savings from
efficiency gains be "taxed away or otherwise removed from further economic circulation. Preferably they
should be captured for reinvestment in natural capital rehabilitation."[8] By mitigating the economic
effects of government interventions designed to promote ecologically sustainable activities, efficiency-
improving technological progress may make the imposition of these interventions more palatable, and
more likely to be implemented.[26][27][28]

Increasing the yield of a crop, such as wheat, for a given area will reduce the area required to achieve the
same total yield. However, increasing efficiency may make it more profitable to grow wheat and lead
farmers to convert land to the production of wheat, thereby increasing land use instead.[29]

Microsoft CEO Satya Nadella has referenced the Jevons paradox when describing artificial
intelligence.[30] Erik Brynjolfsson stated that he believes there will be some occupations for which the
three conditions for the paradox will be met, thereby causing increased employment in those fields, such
as radiologists, translators, and coders.[14]

AI boom, periods of increased investment and rapid advancement in artificial intelligence
technology
Andy and Bill's law, new software will always consume any increase in computing power
that new hardware can provide
Diminishing returns
Downs–Thomson paradox, increasing road capacity can make traffic congestion worse
Dutch disease, strong revenue from a dominant sector renders other sectors uncompetitive

Other examples

Agriculture

Artificial intelligence
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and starves them
Induced demand
Tragedy of the commons, a phenomenon in which common resources to which access is
not regulated tend to become depleted
Wirth's law, faster hardware can trigger the development of less-efficient software
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