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Abstract
This paper analyses population effects of increase in world energy use 
and CO2 emissions between 1990–2019 following a decomposition 
framework with interaction effects. The analysis has also been carried 
out for the 44 countries which accounted for most of the increase in 
world energy use and CO2 emissions during 1990–2019. Population 
growth was found to have a significant effect on both the increase 
in energy use and CO2 emissions at the global level, although the 
contribution of population growth to these increases has varied widely 
across countries. There is a need for integrating population factors in 
the sustainable development processes, particularly efforts directed 
towards environmental sustainability.
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Introduction
The impact of human activity on the environment can be conceptualised in terms 
of the use of natural resources and resulting wastes generated. The environment 
provides natural resources necessary for human activity. It also serves as the 
repository of wastes generated as a result of natural resource use. The quantum 
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of natural resource use is determined by the extensiveness and intensity of natural 
resource use while the extent of wastes generated is determined by the efficiency 
of natural resource use, in addition to the extensiveness and intensity of natural 
resource use. The relationship between extensiveness, intensity and efficiency in 
deciding the quantum of natural resource use and extent of wastes generated is 
multiplicative, not additive. Implications of human activity on the environment, 
therefore, should be analysed in terms of extensiveness, intensity and efficiency 
of natural resource use. Such an analysis requires quantifying natural resource 
use and measuring its extensiveness, intensity and efficiency.  Extensiveness of 
natural resource use can be measured in terms of the number of human beings 
or population size. Other things being equal, the larger the population the more 
the natural resource use. Intensity, on the other hand, can be measured in terms 
of per capita natural resource consumption. Finally, efficiency can be measured in 
terms of wastes generated per unit of natural resources used. Population, in this 
conceptualization, is an integral component of any analysis of the environmental 
impact of human activity. However, there is a conspicuous silence in recent years 
about the role of population in the debate on environmental sustainability. For 
example, the United Nations 2030 Agenda for Sustainable Development pays 
only a passing attention to population related issues and concerns in the quest 
to secure environmental sustainability (United Nations, 2015). Kopnina and 
Washington (2016) have discussed at length why population growth has been 
ignored in setting priorities for environmental sustainability. They conclude that 
without giving due attention to the population dimension of environmental 
sustainability, the probability of securing an ecologically sustainable future will 
be vanishingly small.

Concern about the implications of size and growth of population on the use of 
natural resources is not new and dates back to time immemorial. In ancient times, 
Chinese philosophers attempted to formulate an ideal proportion between land 
and population to ensure survival of mankind and for the development and well-
being of society. The question of ‘optimum population’ in the context of ideal 
conditions for the development of the full potential of an individual was also 
discussed by Greek Philosophers Plato and Aristotle. Similar echoes may also be 
found in Arthashastra written by Kautilya in India (United Nations, 1973). During 
the Medieval period, availability of natural resources necessary for sustaining 
life was argued to be a key factor in population growth (Batero, 1589). The view 
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prevalent at that time was that ‘resources’ determined population’. More than 
two centuries later, Malthus was the first to argue that misery and vice would result 
from the differential pace of growth between population and the productivity 
of agriculture necessary to support it (Malthus, 1960 [1798]). In the 1940s the 
concern about population growth shifted to natural resources, particularly energy 
supplies, whereas in 1950s, especially in the less developed countries, this 
concern revolved round physical capital (Preston, 1994). The negative effects of 
population growth on the environment have also been highlighted in a number of 
studies carried out in 1960s and 1970s (Ehrlich, 1968; Forrester, 1971; Meadows et 
al, 1972). In recent years, concern about the environmental impact of population 
growth has focused on the wastes generated as a result of natural resource use. 
It is argued that excessive use of natural resources is causing irreparable damage 
to the environment with emissions of greenhouse gasses such as carbon dioxide 
(CO2) being the most glaring example of the irrational use of natural resources 
(Chaurasia [Ranjan], 2009).

Ehrlich (1968) was the first to propose a simple analytical framework, known as IPAT 
(Impact = Population x Affluence x Technology) framework, for an ex post analysis 
of the environmental impact of human activity. This framework describes how 
natural resource use can be explained in terms of extensiveness (population size), 
intensity (per capita natural resource use) and efficiency (wastes generated per 
unit of natural resource use). This simple yet straightforward analytical framework 
has been criticized for a number of perceived flaws (O’Neil and Chen, 2002), but it 
has almost become the norm in analysing population effects of the environment. 
The framework illustrates the multiplicative nature of relationship among driving 
factors of natural resource use as each factor amplifies changes in other factors. A 
small change in population induces a small absolute impact on natural resources 
use in a country with low-income and low intensity of natural resources use but 
much greater effect in a high-income country where intensity of natural resources 
use is high (O’Neil and Chen, 2002).

There have been efforts to improve the simple IPAT framework. Notable among 
these efforts is the stochastic version of the framework known as STIRPAT 
framework (Dietz and Rosa, 1994; Dietz, Rosa and York, 2007; Chertow, 2001). 
Another framework is the ImPACT framework which divides the affluence 
component of the IPAT framework into two components separating energy 
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use per capita from income per capita (Waggoner and Ausubel, 2002). In this 
framework, which is based on the Kaya identity (Kaya, 1990), population, per 
capita income, natural resource use per capita and waste generated per unit of 
natural resource use determine the impact of human activity on the environment. I 
have previously used this framework to analyse the change in natural resource use 
and waste generated in the world during 1990–2000 and found that although the 
main driver of the environmental impact of human activity was the increase in per 
capita income or affluence, the effect of population growth on the environment 
was quite substantial. The debate about the environmental impact of population 
growth, however, remains inconclusive. Different perspectives on the effect of 
population size on the environment have been discussed by Weber and Sciubba 
(2019) who have argued that one reason for the prevailing inconclusiveness is the 
approach of these analyses. Most of the population-environment impact analyses 
are based on cross-country data which suffer from high level of dissimilarity and 
strong collinearity among factors that influence both increase in natural resource 
use and resulting wastes generated. Onanuga (2017) has analysed population 
elasticity of CO2 emissions in 26 African countries on the basis of time series 
data for the period 1971–2013 and observed that the response of emissions to 
population growth has a limiting effect in some countries but a contributory effect 
in others. Shi (2003) found a direct relationship between population change and 
CO2 emissions in 93 countries during 1975–1996. A similar result has also been 
obtained by Cole and Neumayer (2004).

In this paper, I carry out an ex post analysis of the contribution of population 
change to the change in energy use and CO2 emissions in the world and in its 
44 countries during 1990–2019. The 44 countries included in the present analysis 
account for nearly all the increase in world energy use and CO2 emissions. The 
paper also carries out country-specific analyses to highlight population effect of the 
environment as reflected through the increase in energy use and CO2 emissions. 
The paper separates the direct effect of population change from its indirect effect 
that works through the change in the intensity and efficiency of natural resources 
use. The findings of the analysis emphasise the need for population factors to be 
integrated in efforts directed towards securing environmental sustainability.

The paper is organised as follows. The next section of the paper outlines the 
methodology. I use a decomposition framework with interaction effects to 
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estimate the contribution of organized population change to the change in energy 
use and CO2 emissions. Section three describes the data source. The analysis is 
based on the data made available by EnerData, an independent research and 
consulting firm. Section four presents a snapshot of the trend in energy use and 
CO2 emissions along with the trend in population, consumption and technology. 
Results of the decomposition analysis are presented in section five. The last 
section discusses policy implications in the context of sustainable development.

Analytical framework 
Let E denote the total energy use and P denote population size. Then, total energy 
use may be written as at product of population size and per capita energy use
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where aE=ln(rE), etc. Equations (6) and (7) are true by definition which means that 
naive regression or correlation approaches, that ignore the sum constraint, are 
potentially problematic in explaining how inter-country variation in aP, aA, and 
aU influences inter-country variation in aU and inter-country variation in aP, aA, aU, 
and aT influences inter-country variation in aC. To overcome this problem, Preston 
(1996) has suggested to decompose the inter-country variation in aE or aC in terms 
of inter-country variation in aP, aA, aU and aT. The inter-country variance in aE can 
be decomposed as
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 (8) 

where Var denotes the variance and Cov denotes the covariance. The 

contribution of the change in population to the change in energy use may 

now be measured in terms of the proportion of the inter-country variance in 

aE explained by the inter-country variance in aP: 

�ܸ�𝑃𝑃𝑃/𝐸𝐸𝐸𝐸 =
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𝑉𝑉𝑉𝑉(𝑉𝑉𝑉𝑉𝐸𝐸𝐸𝐸)
     (9) 

It may be noted that the contribution of inter-country variance in aP to the  
inter-country variance in aE or aC may be small for two reasons. First, the 
contribution of inter-country variance in aP to the inter-country variance in aE or aC 
may be small because aP varies little across countries so that the corresponding 
variance and covariance terms in equation (8) and (10) are small. Second, even if 
aP varies substantially across countries, the contribution of inter-country variance 
in aP to the inter-country variance in aE or aC may still be small because covariance 
terms in equations (8) and (10) are negative so that the algebraic sum of variance 
and covariance terms is small. In this case, equations (9) and (11) may not reflect 
the true importance of inter-country variance in aP in explaining the inter-country 
variance in aE or aC. To circumvent this problem, it is suggested to use absolute 
values of covariance in equations (9) and (11) (Horvitz et al, 1997; Rees et al, 2010: 
Rees et al, 1996). In other words, the importance of the inter-country variance in 
aP to the inter-country variance in aE can then be obtained as
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where V is the sum of the absolute values of the terms on the right-hand 

side of equations (11). 
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where S is the sum of the absolute values of the terms on the right-hand side of 
equation (8). Similarly, the relative importance of the inter-country variance in aP 
to inter-country variance in aC may then be obtained as
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   (13) 

where V is the sum of the absolute values of the terms on the right-hand 

side of equations (11). 
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aE or aC may still be small because covariance terms in equations (8) and (10) 

are negative so that the algebraic sum of variance and covariance terms is 

small. In this case, equations (9) and (11) may not reflect the true 

importance of inter-country variance in aP in explaining the inter-country 

variance in aE or aC. To circumvent this problem, it is suggested to use 

absolute values of covariance in equations (9) and (11) (Horvitz et al, 1997; 

Rees et al, 2010: Rees et al, 1996). In other words, the importance of the 

inter-country variance in aP to the inter-country variance in aE can then be 

obtained as 
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ௌ
    

 (12) 

where S is the sum of the absolute values of the terms on the right-hand 

side of equation (8). Similarly, the relative importance of the inter-country 
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where V is the sum of the absolute values of the terms on the right-hand 

side of equations (11). 

where V is the sum of the absolute values of the terms on the right-hand side of 
equations (11).

On the other hand, the absolute change in the energy use between two points in 
time t2>t1 can be decomposed as: 
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On the other hand, the absolute change in the energy use between two 

points in time t2>t1 can be decomposed as:  

𝑑𝑑𝑑𝑑𝐸𝐸𝐸𝐸 = ଶܧ െ ଵܧ = ( ଶܲ כ ଶܣ כ ܷଶ) െ ( ଵܲ כ ଵܣ כ ଵܷ) 

       = ൫( ଵܲ + 𝑑𝑑𝑑𝑑𝑃𝑃𝑃𝑃) כ ଵܣ) + 𝑑𝑑𝑑𝑑𝐴𝐴𝐴𝐴) כ ( ଵܷ + 𝑑𝑑𝑑𝑑𝑈𝑈𝑈𝑈)൯ െ ( ଵܲ כ ଵܣ כ ଵܷ) 

       = (𝑑𝑑𝑑𝑑𝑃𝑃𝑃𝑃 כ ଵܣ כ ଵܷ) + ( ଵܲ כ 𝑑𝑑𝑑𝑑𝐴𝐴𝐴𝐴 כ ଵܷ) + ( ଵܲ כ ଵܣ כ 𝑑𝑑𝑑𝑑𝑈𝑈𝑈𝑈) + (𝑑𝑑𝑑𝑑𝑃𝑃𝑃𝑃 כ 𝑑𝑑𝑑𝑑𝐴𝐴𝐴𝐴 כ ଵܷ)

+ (𝑑𝑑𝑑𝑑𝑃𝑃𝑃𝑃 כ ଵܣ כ 𝑑𝑑𝑑𝑑𝑈𝑈𝑈𝑈) + ( ଵܲ כ 𝑑𝑑𝑑𝑑𝐴𝐴𝐴𝐴 כ 𝑑𝑑𝑑𝑑𝑈𝑈𝑈𝑈) + (𝑑𝑑𝑑𝑑𝑃𝑃𝑃𝑃 כ 𝑑𝑑𝑑𝑑𝐴𝐴𝐴𝐴 כ 𝑑𝑑𝑑𝑑𝑈𝑈𝑈𝑈) 

       = ߲ܲ + ܣ߲ + ߲ܷ + ܣ߲߲ܲ + ߲߲ܷܲ + ܷ߲ܣ߲ +  (14)  ܷ߲ܣ߲߲ܲ

where ߲ܲ = ( ଶܲ െ ଵܲ), etc. The first three terms on the right-hand side of 

equation (14) reflect the main effects, the next three terms reflect the first 

order or two-way interactions while the last term reflects the second order 

or three-way interaction among population, per capita real GDP and energy 

intensity of GDP. The advantage of the decomposition given by equation 

(14) is that it shows both direct and indirect effects of the change in 

population, per capita real GDP and energy intensity of GDP as they affect 

the change in the energy use. Although, interaction effects are difficult to 

interpret (Preston, Heuveline, Guillot, 2001), yet they provide useful insights 

into how population growth (increase in extensiveness of natural resources 

use) interacts with the change in per capita real GDP and the change in the 

energy intensity of GDP in influencing the change in natural resource use. 

      

where ∂P=(P2 – P1 ), etc. The first three terms on the right-hand side of equation 
(14) reflect the main effects, the next three terms reflect the first order or two-
way interactions while the last term reflects the second order or three-way 
interaction among population, per capita real GDP and energy intensity of GDP. 
The advantage of the decomposition given by equation (14) is that it shows 
both direct and indirect effects of the change in population, per capita real 
GDP and energy intensity of GDP as they affect the change in the energy use. 
Although, interaction effects are difficult to interpret (Preston, Heuveline, Guillot, 
2001), yet they provide useful insights into how population growth (increase in 
extensiveness of natural resources use) interacts with the change in per capita real 
GDP and the change in the energy intensity of GDP in influencing the change in 
natural resource use. The change in per capita GDP and the change in the energy 
intensity of GDP, in combination, determine the intensity of natural resource use.
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Similarly, change in CO2 emissions can be decomposed as
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The change in per capita GDP and the change in the energy intensity of GDP, 

in combination, determine the intensity of natural resource use. 

Similarly, change in CO2 emissions can be decomposed as 
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+ (𝑑𝑑𝑑𝑑𝑃𝑃𝑃𝑃 כ ଵܣ כ ଵܷ כ 𝑑𝑑𝑑𝑑𝑇𝑇𝑇𝑇) + (𝑑𝑑𝑑𝑑𝑃𝑃𝑃𝑃 כ 𝑑𝑑𝑑𝑑𝐴𝐴𝐴𝐴 כ 𝑑𝑑𝑑𝑑𝑈𝑈𝑈𝑈 כ ଵܶ) + (𝑑𝑑𝑑𝑑𝑃𝑃𝑃𝑃 כ 𝑑𝑑𝑑𝑑𝐴𝐴𝐴𝐴 כ ଵܷ כ 𝑑𝑑𝑑𝑑𝑇𝑇𝑇𝑇)
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     = ܲߜ + ܣߜ + ܷߜ + ܶߜ + ܣߜܲߜ + ܷߜܲߜ + ܶߜܲߜ + ܷߜܣߜ + ܶߜܣߜ + ܶߜܷߜ +

ܷߜܣߜܲߜ          + ܶߜܣߜܲߜ + ܶߜܷߜܲߜ + ܶߜܷߜܣߜ +  (15)  ܶߜܷߜܣߜܲߜ

In order to estimate total effect of population change on the change in 

energy use and CO2 emissions, it is necessary to distribute the interaction 

effect across interacting factors. Kim and Strobino (1984) have applied 

Goldfield’s rule (Durand, 1948, p.220) of “allocating interactions to different 

individual factors on the principle of equal distribution of all factors involved 

in each interaction” to allocate interaction effects to individual factors. In 

contrast, I have previously applied principal component analysis to 

determine relative weights of factors involved in interaction term 

In order to estimate total effect of population change on the change in energy 
use and CO2 emissions, it is necessary to distribute the interaction effect across 
interacting factors. Kim and Strobino (1984) have applied Goldfield’s rule 
(Durand, 1948, p.220) of “allocating interactions to different individual factors 
on the principle of equal distribution of all factors involved in each interaction” 
to allocate interaction effects to individual factors. In contrast, I have previously 
applied principal component analysis to determine relative weights of factors 
involved in interaction term (Chaurasia, 2017). Alternatively, weights may also be 
determined on the basis of the relative increase in factors involved in different 
interaction terms. For example, weight for the change in population in the 
interaction term ∂P∂A in equation (14) may be estimated as
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(Chaurasia, 2017). Alternatively, weights may also be determined on the 

basis of the relative increase in factors involved in different interaction 

terms. For example, weight for the change in population in the interaction 

term ∂P∂A in equation (14) may be estimated as 

𝑤𝑤𝑤𝑤𝑃𝑃𝑃𝑃/𝐴𝐴𝐴𝐴 =
�ln �𝑃𝑃𝑃𝑃2𝑃𝑃𝑃𝑃1

��

��ln �𝑃𝑃𝑃𝑃2𝑃𝑃𝑃𝑃1
��+�ln �𝐴𝐴𝐴𝐴2𝐴𝐴𝐴𝐴1

���
      (16) 

weights for other factors involved in different interaction terms may also be 

obtained in a similar manner. 

The change in energy use and CO2 emissions between two points in time 

t2>t1 may also be decomposed as 

𝑑𝑑𝑑𝑑𝐸𝐸𝐸𝐸 = 𝑑𝑑𝑑𝑑𝐸𝐸𝐸𝐸
𝑉𝑉𝑉𝑉𝐸𝐸𝐸𝐸
𝑎𝑎𝑎𝑎𝐸𝐸𝐸𝐸 = 𝑑𝑑𝑑𝑑𝐸𝐸𝐸𝐸
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𝑉𝑉𝑉𝑉𝐸𝐸𝐸𝐸
𝑎𝑎𝑎𝑎𝑈𝑈𝑈𝑈     (17) 

and 
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𝑉𝑉𝑉𝑉𝐶𝐶𝐶𝐶
𝑎𝑎𝑎𝑎𝑇𝑇𝑇𝑇    (18) 

The decomposition given by equations (17) and (18) is known as logarithmic 

mean Divisia index (LMDI) factor decomposition. It is one of the index 

decomposition analysis (IDA) approaches widely used in energy and 
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(Chaurasia, 2017). Alternatively, weights may also be determined on the 
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prepared by the United Nations Population Division (United Nations, 2019) 

have been used in the present analysis.  The energy use has been defined as 
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bunkers and stock changes including biomass. Estimates of energy use for 

the world include marine bunkers also but they are not included while 

estimating energy use in different countries (Enerdata, 2020). 
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from fossil fuel combustion (coal, oil and gas) only. They have been 
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production, external energy trade, marine bunkers and stock changes including 
biomass. Estimates of energy use for the world include marine bunkers also  
but they are not included while estimating energy use in different countries 
(Enerdata, 2020).

On the other hand, estimates of CO2 emissions are confined to emissions from 
fossil fuel combustion (coal, oil and gas) only. They have been estimated following 
the methodology proposed by the United Nations Framework Convention for 
Climate Change (UNFCCC, 2009). Moreover, the energy efficiency of GDP has 
been calculated as the ratio of total energy use to real GDP which has been 
measured in terms of 2015 US$ purchasing power parity while carbon intensity of 
energy use is measured as CO2 emissions per unit energy use. The 44 countries 
that have been included in the present analysis accounted for more than 86 
percent of the world energy use, almost 92 percent of the world CO2 emissions 
and around 72 per cent of the world population in 2019. Collectively, they primarily 
determine the level and trend in world energy use and CO2 emissions.

Global trend in energy use and CO2 emissions
Total energy use in the world increased by more than 64 percent during 1990–
2019, from 8756 million of tonnes of oil equivalent (Mtoe) in 1990 to 14378 Mtoe 
in 2019 whereas CO2 emissions increased by more than 61 percent, from 20311 
miillion tonnes (Mt) in 1990 to 32741 Mt in 2019. The world population increased 
by almost 45 percent during this period, from 5.327 billion to 7.713 billion, per 
capita real GDP at 2015 US$ purchasing power parity increased by almost 80 
percent, from 9440 to 16982, energy intensity of GDP decreased by almost 37 
percent, from 0.174 to 0.110 and carbon intensity of energy use decreased by less 
than 2 percent, from 2.320 to 2.277 between 1990 and 2019 (appendix table 1). 
The trend in energy use and CO2 emissions and factors that determine them has, 
however, not been linear but changed frequently as revealed through “joinpoint” 
regression analysis (Kim et al, 2000) which studies the variation in trends over time. 
It identifies the time point(s), or joinpoint(s), at which the trend in the variable of 
interest changes and then estimates the trend between two joinpoint(s) in terms 
of annual percent change. The Joinpoint Trend Analysis software developed by 
National Cancer Institute of United States of America (NCI, 2013) has been used 
for carrying out the joinpoint regression analysis. 
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Application of joinpoint regression analysis reveals that the trend in world energy 
use changed three times during 1990–2019 (appendix table 2). The annual 
percent change in the world energy use was 1.401 percent during 1990–2001 
but increased to 3.289 percent during 2001–2006. After 2006, the annual percent 
change decreased to 1.877 percent during 2006-2012 and to 1.184 percent during 
2012–19. On the other hand, the trend in global CO2 emissions changed four 
times. The annual percent change in global CO2 emissions was just 0.120 percent 
during 1990–1992 but increased to 1.579 percent during 1993–2002 and to 4.396 
percent during 2002–05. After 2005, the annual percent change in CO2 emissions 
decreased to 2.219 percent during 2005–2012 and to only 0.683 percent during 
2012–2019. Similarly, the trend in all the factors of energy use and CO2 emissions 
also changed frequently. The trend in population changed five times; the trend 
in real per capita GDP changed three times; the trend in energy intensity of GDP 
changed five times; and the trend in carbon intensity of energy use changed two 
times. The annual percentage change in population decreased in every time 
period whereas the annual percentage change in real per capita GDP was the 
highest during 2003–2006. The decrease in energy intensity of GDP, as reflected 
in annual percentage change, was very rapid during 2004–2007 and again during 
2010–2019. Finally, the carbon intensity of energy use increased during 1999–2013 
but decreased quite rapidly thereafter.

The change in both energy use and CO2 emissions varied widely across the  
44 countries included in the present analysis (Table 3). The energy use and CO2 
emissions did not increase in all countries included in the present analysis. 
There are 11 countries where energy use decreased and 13 countries where  
CO2 emissions decreased during the period under reference. The decrease in 
both energy use and CO2 emissions has been the most rapid in Ukraine while  
the increase in both energy use and CO2 emissions has been the most rapid in 
Malaysia. Among factors of energy use and CO2 emissions, population increased 
in all but four countries – Poland, Romania, Russia and Ukraine – whereas per 
capita real GDP increased in all but three countries – Ukraine, Venezuela and 
United Arab Emirates. By comparison, energy intensity of GDP decreased in 
36 countries while carbon intensity of energy use decreased in 30 countries. 

More than two thirds of the global increase in energy use during 1990-2019 has 
been confined to only five countries – China, India, United States of America, 
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South Korea and Iran. These five countries accounted for more than 43 percent 
of the world population in 2019. On the other hand, more than 80 percent of 
the global increase in CO2 emissions was confined to only four countries – 
China, India, Iran and Indonesia. These four countries accounted for almost 41 
percent of the world population in 2019. China, the most populous country of 
the world and accounting for almost 19 percent of the world population in 2019, 
was responsible for almost 43 per cent of the global increase in the energy use 
and more than 60 per cent of the global increase in the CO2 emissions during 
1990-2019. India, the second most populous country of the world and accounting 
for almost 18 percent of the world population in 2019, accounted for around 11 
percent of the increase in world energy use and around 13 per cent of the global 
increase in CO2 emissions. 

The decomposition of the inter-country variance in the increase in energy use and 
CO2 emissions is presented in table 4 (see appendix). The primary contributor 
to inter-district variance in the change in both energy use and CO2 emissions is 
found to be inter-country variance in the change in per capita real GDP followed 
by the change in the energy intensity of GDP. The inter-country variance in 
population change has been found to be responsible for around 20 per cent of 
the inter-country variance in the change in both energy use and CO2 emissions. A 
more revealing observation of table 4 is that inter-country variance in the change 
in carbon intensity of energy use is found to be responsible for only around 7 per 
cent of the inter-country variance in the change in CO2 emissions.

Population effects of energy use and CO2 emissions
Table 5 (see appendix) decomposes the increase in world energy use and CO2 
emissions into its different factors in conjunction with equations (14) and (15). 
Between 1990 and 2015 total energy use in the world increased by 5622 Mtoe. 
Population growth accounted for an increase of 3933 Mtoe whereas increase in 
real per capita GDP accounted for an increase of 6664 Mtoe. However, decrease 
in energy intensity of GDP resulted in a decrease of 4975 Mtoe in the world energy 
use during this period. Similarly, population growth accounted for an increase of 
8962 Mt in CO2 emissions while increase in per capita real GDP accounted for 
an increase of 15181 Mt. By comparison, decrease in energy intensity of GDP 
resulted in a decrease of 11336 Mt while decrease in carbon intensity of energy 
use resulted in a decrease of only 377 Mt during 1990–2019.
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The contribution of the change in different factors to the change in energy 
use (appendix table 6) and CO2 emissions (appendix table 7) has varied widely 
across 44 countries. Ukraine is the only country where all factors contributed to 
the decrease in energy use and CO2 emissions. On the other hand, Brazil is the 
only country where all factors contributed to increase in energy use and CO2 
emissions. There are 12 countries where energy intensity of GDP decreased but 
carbon intensity of energy use increased; 6 countries where energy intensity of 
GDP increased but carbon intensity of energy use decreased. This leaves only 24 
countries where both energy intensity of GDP and carbon intensity of energy use 
decreased during 1990–2019. 

An idea about the effect of population on the environment may be made by 
relating the change in energy use attributed to population change to the change 
in the energy use attributed to change in energy intensity of GDP. This relationship 
may be captured by calculating the population effect coefficient of the change in 
energy use (PECE) as
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Table 8 (see appendix) gives the population effect coefficient of the change in 
energy use and CO2 emissions for the world and for 44 countries. For the world as 
a whole, the population effect coefficient is 0.802 for energy use and 0.771 for CO2 
emissions. This means that more than 80 per cent of the decrease in energy use 
resulting from the reduction in the energy intensity of GDP has been offset by the 
increase in population. Similarly, over 77 per cent of the reduction in CO2 emissions 
resulting from the decrease in  the energy intensity of GDP and the decrease in 
the carbon intensity of energy use has been offset by the increase in population. 

The population effect coefficient of energy use varies widely across 44 countries. 
The energy intensity of GDP decreased in 32 countries between 1990 and 2019 
and the population effect coefficient, in these countries, ranged from just 0.047 
in Czech Republic to 5.345 in Malaysia. A population effect coefficient of 0.047 
implies that the increase in energy use as a result of the increase in population 
offset only 4.7 per cent of the decrease in energy use as a result of the decrease in 
energy intensity of GDP. Similarly, a population effect coefficient of 5.345 implies 
that that increase in energy use as a result of population increase is more than five 
times the decrease in energy use as a result of the decrease in energy intensity 
of GDP.

On the other hand, the energy intensity of GDP increased in eight countries and 
the population effect coefficient, in these countries, ranged from 0.677 in Iran 
to 24.011 in United Arab Emirates. This means that the increase in energy use 
as a result of population growth in Iran was almost 68 per cent of the increase 
in energy use as a result of the increase in energy intensity of GDP but 24 times 
higher in United Arab Emirates. Finally, in four countries, both population 
and energy intensity of GDP decreased during 1990-2019. In these countries, 
population effects coefficient ranged from 0.002 in Poland to 0.250 in Ukraine 
which means that the decrease in energy use as a result of decrease in population 
is almost negligible compared to the decrease in energy use as a result of the 
decrease in the energy intensity of GDP in Poland but 25 per cent in Ukraine. 
There is no country where population decreased but energy intensity of GDP 
increased during the study period. A similar pattern may also be observed in 
the population effect coefficient of CO2 emissions with the only difference being 
that the variation of the population effect coefficient across different groups of 
countries is even wider. 
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Discussions and conclusions
The present analysis highlights the substantial impact of population growth on 
the increase in energy use and CO2 emissions in the world during 1990-2019. The 
impact of population growth is further compounded because of the increase in 
per capita real GDP which is universally recognised as one of the key monetary 
indicators of social and economic development and of quality of life. The analysis 
also shows that, at the global level, the positive environmental effects of the 
decrease in energy intensity of GDP and carbon intensity of energy use can 
offset only a part of the negative environmental effects of population growth and 
increase in per capita real GDP. The positive environmental effect of the decrease 
in carbon intensity of energy use has, however, been marginal compared to the 
positive environmental effect of the decrease in the energy intensity of GDP.

The analysis suggests that reducing and ultimately achieving zero population 
growth can contribute significantly towards environmental sustainability by 
considerably decelerating the increase in energy use and CO2 emissions in the 
world. However, such an option does not appear to be strategically viable in 
the context of United Nations 2030 Sustainable Development Agenda (United 
Nations, 2015) which characterises sustainable development in terms of economic 
growth, social inclusion and environmental sustainability. It is well known that 
population growth is an important contributor to economic growth (Peterson, 
2017; Chaurasia, 2020). In India, for example, population growth during 2001-2011 
accounted for almost 22 percent of the increase in the output of Indian economy 
(Chaurasia, 2019). Moreover, a low or zero population growth leads to an ageing 
population and insufficient people of productive age to support the economy 
(Pace, 1971). A certain minimum threshold of population growth, therefore, 
is necessary to lessen the burden of supporting a large number of old people 
(Peterson, 2017). At the same time, continued very low population growth for a 
long period of time may still lead to substantial increase in population (Piketty, 
2014). For example, population growth at an average annual rate of 0.8 percent 
during 1700 to 2015 resulted in about 12 times increase in the world population 
(Maddison, 2001; World Bank, 2017).

Reducing population growth to very low levels will also have implications for the 
social inclusion component of United Nations 2030 Sustainable Development 
Agenda. The economic analysis of inequality indicates that lower population 
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growth will lead to increased global and national income inequality (Peterson, 
2017). When the rate of return to capital is greater than the economic growth 
rate, the likely result is the concentration in the ownership of capital leading to 
increasing inequality (Piketty, 2014). The future, economic growth is likely to be 
slower than the rate of return on capital because the demographic component 
of economic growth will grow very little in the coming years (Piketty, 2015). 
Obviously, reducing and ultimately achieving zero population growth may not 
be a strategically viable option for realising the United Nations 2030 Sustainable 
Development Agenda.

The present analysis highlights the need of integrating population as a factor in 
environmental sustainability in the United Nations 2030 Sustainable Development 
Agenda. This integration must recognise that extensiveness, intensity and 
efficiency of natural resource use interact with each other to determine the extent 
of natural resource use and wastes generated. This integration is all the more 
important because the three factors of natural resource use are very much country 
specific. Unfortunately, the United Nations 2030 Sustainable Development 
Agenda pays only lop-sided attention to these interactions which are the key to 
sustaining life on the planet Earth.
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Table 1: Energy use, CO2 emissions, population, per capita real GDP,  
energy intensity of GDP and carbon intensity of energy use in the world, 
1990–2019

 Year Energy CO2 Population Per capita Energy Carbon 
  use (Mtoe) emissions (000) real GDP intensity intensity 
   (Mt)  (2015 US$ PPP) of GDP of energy 
       use

1990 8756 20311 5327231 9440 0.174 2.320

1991 8811 20445 5414289 9399 0.173 2.320

1992 8821 20382 5498920 9415 0.170 2.311

1993 8911 20486 5581598 9439 0.169 2.299

1994 8980 20585 5663150 9577 0.166 2.292

1995 9209 21063 5744213 9752 0.164 2.287

1996 9437 21526 5824892 9988 0.162 2.281

1997 9536 21896 5905046 10244 0.158 2.296

1998 9582 22054 5984794 10361 0.155 2.302

1999 9788 22193 6064239 10581 0.153 2.267

2000 10015 22836 6143494 10938 0.149 2.280

2001 10103 23194 6222627 11055 0.147 2.296

2002 10321 23511 6301773 11222 0.146 2.278

2003 10685 24563 6381185 11500 0.146 2.299

2004 11167 25708 6461159 11953 0.145 2.302

2005 11471 26624 6541907 12360 0.142 2.321

2006 11813 27454 6623518 12850 0.139 2.324

2007 12132 28389 6705947 13364 0.135 2.340

2008 12279 28597 6789089 13578 0.133 2.329

2009 12177 28332 6872767 13364 0.133 2.327

2010 12843 29918 6956824 13891 0.133 2.330

Appendix
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2011 13040 30699 7041194 14274 0.130 2.354

2012 13245 31184 7125828 14570 0.128 2.354

2013 13416 31748 7210582 14891 0.125 2.366

2014 13595 31811 7295291 15236 0.122 2.340

2015 13637 31759 7379797 15571 0.119 2.329

2016 13720 31704 7464022 15903 0.116 2.311

2017 13970 32099 7547859 16309 0.113 2.298

2018 14287 32805 7631091 16698 0.112 2.296

2019 14378 32741 7713468 16982 0.110 2.277
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Table 4: Decomposition of the inter-country variance in the rate of change 
in energy use and CO2 emissions, 1990–2019

 Particulars Variance and Variance Relative 
  covariance explained importance

 Total Percent

Energy use (E)

Var (E)   0.349 100.00 100.00

Var (E) explained by P   0.113 32.47 19.63

  Var (P) 0.091   

  Cov (PA) -0.032   

  Cov (PU) 0.054   

Var (E) explained by U   0.124 33.54 37.35

  Var (U) 0.176   

  Cov (UP) 0.054   

  Cov (UA) -0.106   

CO2 emissions (C)

Var (C)  0.475 0.475 100.00 100.00

Var (C) explained by P   0.136 28.61 19.42

  Var (P) 0.091   

  Cov (PA) -0.032   

  Cov (PU) 0.054   

  Cov (PT) 0.023   

Var (C) explained by A   

  Var (A) 0.249 0.133 28.08 39.86

  Cov (AP) -0.032   

  Cov (AU) -0.106   

  Cov (AT) 0.022   
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Table 4: Continued

 Particulars Variance and Variance Relative 
  covariance explained importance

 Total Percent

Var (C) explained by U   0.131 27.50 33.41

  Var (U) 0.176   

  Cov (UP) 0.054   

  Cov (UA) -0.106   

  Cov (UT) 0.007   

Var (C) explained by T   0.076 15.82 7.32

  Var (T) 0.024   

  Cov (TP) 0.023   

  Cov (TA) 0.022   

  Cov (TU) 0.007   

SOURCE: AUTHOR’S CALCULATIONS
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Table 5: Decomposition of the change in energy use and CO2 emissions in 
the World during 1990–2019

 Particulars Energy use CO2 emissions

 Total % Total %

Total change during 1990–2019   5622    12430

Change attributed to population   4186 74.47   9541 76.76

Direct  3922    9098  

Indirect  264    443  

Through A 1212    2810   

Through U -645    -1497   

Through T     -159   

Through A and U -302    -701   

Through A and TT     -50   

Through U and T     27   

Through A, U and T     13   

Change attributed to per capita   6991 124.36   15929 128.15 
real GDP

Direct  6997    16229  

Indirect  -5    -300  

Through P 1922    4459   

Through U -1448    -3359   

Through T     -288   

Through P and U -479    -1112   

Through P and T     -80   

Through U and T     60   

Through P, U and T     20   
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Table 5: Continued

 Particulars Energy use CO2 emissions

 Total % Total %

Change attributed to energy   -5556 -98.83   -12659 -101.84 
intensity of GDP

Direct  -3237    -7508  

Indirect  -2319    -5151  

Through P -804    -1866   

Through A -1138    -2640   

Through T     132   

Through P and A -377    -61487   

Through P and T     33   

Through A and T     47   

Through P, A and T     16   

Change attributed to carbon       -382 -3.07 
intensity of energy use

Direct      -371  

Indirect      -10  

Through P     -8   

Through A     -9   

Through U     5   

Through P and A     -3   

Through P and U     1   

Through A and U     2   

Through P, A and U     1   

SOURCE: AUTHOR’S CALCULATIONS
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Table 8: Population effect coefficient in the world and in 44 countries.

 World/Country Population effect coefficient

 Energy use CO2 missions

World 0.754 0.732

Algeria 2.598 2.661

Argentina 1.797 1.393

Australia 0.964 0.889

Belgium 0.381 0.250

Brazil 11.352 6.482

Canada 0.940 0.816

Chile 1.393 1.385

China 0.070 0.071

Colombia 0.841 0.963

Czech Republic 0.046 0.039

Egypt 4.546 3.308

France 0.367 0.228

Germany 0.093 0.078

India 0.547 0.845

Indonesia 1.084 23.785

Iran 0.612 0.649

Italy 0.316 0.148

Japan 0.058 0.066

Kazakhstan 0.185 0.171

Kuwait 9.851 22.766

Malaysia 8.224 46.963

Mexico 1.255 1.942

Netherlands 0.240 0.231

New Zealand 0.726 0.760

Nigeria 3.141 8.501
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Norway 0.557 0.713

Poland 0.001 0.002

Portugal 0.236 0.142

Romania -0.176 -0.160

Russia 0.035 0.028

Saudi Arabia 2.169 2.306

South Africa 1.950 5.006

South Korea 0.826 0.456

Spain 0.636 0.397

Sweden 0.253 0.188

Taiwan 0.299 0.331

Thailand 4.002 4.816

Turkey 2.802 2.744

Ukraine 0.351 0.239

United Arab Emirates 41.380 15.822

United Kingdom 0.229 0.180

United States 0.462 0.382

Uzbekistan 0.328 0.324

Venezuela 0.792 0.889

SOURCE: AUTHOR’S CALCULATIONS




