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news & views

Much attention is given by both 
experts and policymakers to the role 
of non-fossil-fuel energy in the fight 

against greenhouse-gas emissions. Scientific 
bodies, including the Intergovernmental 
Panel on Climate Change1, as well as 

non-governmental organizations and 
sections of the general public, implicitly 
assume that each unit of alternative energy 
replaces a given unit of fossil-fuel energy as a 
form of proportional displacement. Writing 
in Nature Climate Change, Richard York2 

has tested this assumption and suggests 
that across most nations of the world over 
the past 50 years, on average, each unit of 
total national energy use from non-fossil-
fuel sources displaced less than one quarter 
of a unit of fossil-fuel energy use, and the 
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Analysing fossil-fuel displacement
It is commonly assumed that fossil fuels can be replaced by alternative forms of energy. Now research challenges 
this assumption, and highlights the role of non-technological solutions to reduce fossil-fuel consumption.
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amount is even less when focusing on only 
fuel use for electricity.

Drawing from various areas of 
multidisciplinary research, including 
environmental sociology, ecological 
economics and structural human ecology, 
York2 analyses annual data for 132 countries 
from 1960 to 2009 to assess the extent to 
which the per capita demand for fossil-fuel 
energy is affected by the amount of per capita 
energy produced from non-fossil-fuel sources, 
while controlling for known driving forces 
of per capita energy use, including levels of 
economic development and urbanization. 
In particular, York2 estimates a model of 
per capita fossil-fuel electricity production 
(dependent variable) including, as explanatory 
variables, per capita production of non-fossil-
fuel energy, gross domestic product (GDP) 
per capita (adjusted for inflation and in US 
dollars) and factors unique to each country 
that do not change through time. He then 
repeats the estimation exercise by adding 
other explanatory variables, such as measures 
of urbanization (percentage of the population 
living in urban areas), manufacturing 
(percentage of GDP from the manufacturing 
sector) and the age-dependency ratio of 
nations (the ratio of people under 15 and over 
64 to those 15 to 64 years of age). Finally, he 
estimates the same two models again using 
per capita total energy production from fossil 
fuels as the dependent variable.

Turning to the results, if the assumption 
that alternative energy can proportionally 
displace fossil-fuel energy is indeed valid, 
one would expect to see an estimated 
regression coefficient (the ‘displacement 
coefficient’) of −1 for the non-fossil-fuel 
energy production variable, or something 
close to it. In the first of the per capita 
fossil-fuel electricity production models, 
the estimated displacement coefficient 
is −0.089, and decreases in absolute value 
to −0.079 in the second model that accounts 
for a broader range of drivers. These 
results suggest that each kilowatt hour of 
non-fossil-fuel electricity that is generated 
displaces at best only 0.089 kilowatt hours 
of fossil-fuel-generated electricity — a far 
cry from proportional displacement. In 
other words, to displace one kilowatt hour of 
fossil-fuel electricity requires generating at 
least 11.326 kilowatt hours of non-fossil-fuel 
electricity. In the first of the per capita fossil-
fuel total energy production models, the 
estimated displacement coefficient is −0.128, 
and increases in absolute value to −0.219 in 
the second, more complete model. Although 
the results of this second model are closer to 
proportional displacement, they still suggest 
that more than 5.5 units of non-fossil-fuel 
energy are required to displace one unit of 
fossil-fuel total energy.

York’s findings contradict the widely held 
assumption that the expansion of alternative 
energy production will proportionally 
suppress fossil-fuel energy production. 
And the implications are quite clear. For 
alternative energy sources to adequately 
displace fossil-fuel sources, non-fossil-
fuel energy would need massive global 
expansions, and such increases would pose 
unique ecological problems and human 
health risks3. For example, hydropower 
disrupts aquatic ecosystems, and the recent 
tragedy at the Fukushima Daiichi nuclear 
power plant in Japan, as well as the ongoing 
clean-up efforts at the Hanford Site in the 
United States, underscore the life-threatening 
risks associated with nuclear power. And 
other alternative energy sources, such as wind 
power, require significant material inputs for 
their construction as well as large amounts of 
area to generate nontrivial amounts of energy.

However, all well-executed research has 
limitations. Some recent studies indicate 
that forms of economic globalization 
contribute to national-level fossil-fuel 
energy consumption and greenhouse-gas 
emissions4, whereas other studies suggest 
that militaries are additional moderate-sized 
drivers of fossil-fuel energy consumption5. 
Neither economic globalization variables 
nor national military variables are included 
in York’s analysis. Although such exclusion is 
unlikely to lessen the validity of the findings, 
the effects of those variables on York’s 
estimated displacement coefficients would 
have made his analysis more realistic and 
potentially increased the overall statistical 
significance of the models used.

Besides contradicting the proportional 
displacement assumption, York’s research 

adds to the growing body of environmental 
social science that highlights how societies 
cannot only rely on technological solutions to 
reduce fossil-fuel use and thus anthropogenic 
carbon dioxide emissions6–8. To effectively 
reduce emissions, societies need to focus 
on reducing the consumption of energy at 
both the individual/household level9 and the 
system level, with strategies geared towards 
broader changes in the economic, political 
and cultural spheres10. More broadly, York 
highlights the importance of integrating 
research on the human dimensions of climate 
change — such as the role of individuals 
and collective human behaviour, the 
characteristics of social institutions and 
the complex interrelationships between 
the world’s nations — with research on 
technological solutions to tackle greenhouse-
gas emissions. ❐
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