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Abstract 5 

Background: Literary sources contain contradictory information about 6 

energy release. Some authors describe the trend of rapid growth of this 7 

indicator, others believe that this growth is gradually subsiding 8 

 Objective: Authors have considered a problem of worldwide 9 

consumption of energy. 10 

Method: The necessary parameters were determined by data of various 11 

literary sources. 12 

Discussion: It is shown that the direct approximation of dependencies of 13 

energy release per capita, population size and inhabited territory to calculate the 14 

energy release density is inexpedient. 15 

It is established that the energy release density first decreases with time, 16 

and then begins to grow. 17 

Conclusion: The main sources of growth are industrialized countries. 18 

Keywords: energy consumption, density of consumption, damage to 19 

nature 20 

 21 

1. Introduction 22 

From the first bonfires to prototypes of fusion reactors, energy 23 

consumption by the person only grew. New sources of energy were being 24 

developed, battles for energy raw materials broke out, but growth continued and 25 

continues now. A further increase in energy consumption becomes dangerous. 26 

In this case, the nature starts to react negatively to the high levels of energy 27 

consumption. On the other hand, industrial development demands increase in 28 

consumption of energy. For this purpose, it is necessary to choose criteria for 29 

establishment of balance. 30 

Such an approach should be stopped, otherwise the environment will not 31 

survive. But the existing patterns of change in the indices of human society 32 

suggest the need of stabilization long before this limit. 33 

This article is devoted to this issue. 34 

2. Literature review 35 

Gail Tverberg [1] point out that there are the huge increases in world 36 

energy consumption that has taken place in roughly the last 200 years. 37 
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This rise in energy consumption is primarily from increased fossil fuel 38 

use. 39 

On a per capita basis, there is a huge spurt of growth between World War 40 

II and 1970. 41 

In this source indicators of level of consumption of energy per capita 42 

aren't emitted. 43 

Revbrand Koppelaar [2] indicate, that we are now burning 10 times as 44 

much energy as a century ago to provide the goods and services. 45 

Energy consumption is still increasing rapidly, with an approximate 550 46 

exajoules consumed at the primary energy level in 2010. 47 

Here consequences of use of large volumes of energy aren't specified. 48 

World energy consumption is the total amount of energy used by all 49 

humans on the planet (measured on a per-year basis). 50 

This data is useful because evaluating this information to discover trends 51 

might yield energy issues not currently being addressed, thereby encouraging 52 

the search for solutions 53 

The IEA established a goal of limiting global warming to 2 degrees 54 

Celsius, but this goal is becoming more difficult to reach each year that the 55 

necessary action is not taken. In global energy use, fossil fuels make up a 56 

substantial portion [3]. 57 

This source is concentrated on consequences of the increased 58 

consumption of energy for ecology, but doesn't allow to estimate regularities of 59 

change of consumption of energy. 60 

Group of authors as a part of Belotskaya G.D., Veselov F.V., Galkin 61 

Yu.V. etc. [4] specifies that the world enters a new stage of development of 62 

power engineering when after the continuous growth of energy consumption, 63 

economic growth for the first time began to break away from increased energy 64 

consumption. Primary energy consumption in many industrialized countries 65 

have stabilized, and in some began to gradually decline.  66 

The authors of this study transfer the trends of future development to the 67 

present day, which is incorrect. 68 

Authors Medvedev E.G. and Zakharov S.A. hold the same opinion [5]. 69 

They emphasize that the increase in energy consumption in industrialized 70 

countries has slowed to 2% due to the economic crisis, and the increase in total 71 

energy consumption is due to the Indian and Chinese markets. 72 

There is practically the same problem here, and it consists in the fact that 73 

temporary slowdowns in energy consumption are taken as long-term trends. 74 

Opinion of Voronina N. [6], who writes that the power consumption of 75 

the world economy will gradually decrease, but directly proportional 76 

dependence between a gain of GDP and increase in energy consumption will 77 

remain, looks more realistic. 78 

These factors are contradictory but the BP forecast of world energy 79 

development [7], which indicates that population and income growth represent 80 
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the two most powerful drivers of energy demand, provides a clearer explanation 81 

for historical trends in energy consumption. Since 1900 the world's population 82 

has increased more than by 4 times, real income by 25 times, and consumption 83 

of primary energy – by 22,5 times. 84 

Mitrova Т.А. [8] writes, among other things, about the high rate of 85 

growth in energy consumption and the growing tension in supplying the energy 86 

needs of transport. This is in line with the prevailing view on energy 87 

consumption, but does not provide recommendations for reducing the effect of 88 

these factors. 89 

The Association "IECC Center" [9] in the review article points out that 90 

world energy consumption will grow along with the development of the world 91 

economy, and by 2035 - 2040 it will increase by one third, mainly at the 92 

expense of India, China, Africa, the Middle East and South- East Asia. 93 

Fursova I. [10] confirms this thesis and emphasizes that by 2040 94 

consumption of energy in the world will grow approximately by a third, first of 95 

all thanks to India, China, the countries of Southeast Asia, the Middle East and 96 

Africa. In the next years energy consumption in the world will grow in all 97 

macro-regions except for the EU where insignificant decrease will happen in 98 

connection with priority policy on development of energy efficient 99 

technologies. 100 

TASS reports that according to the expert and analytical report of Centre 101 

for Strategic research world electricity consumption by 2035 can grow by 40 - 102 

50% in comparison with indicators at the moment [11]. 103 

Sources [9], [10] and [11] indicate essential increase in energy 104 

consumption, but don't concretize dynamics of change of this indicator. 105 

The same opinion is expressed also by Losev A. [12] noting that the 106 

energy requirements will only increase. If, according to the International Energy 107 

Agency, in 2015 world energy consumption has made 20,76 trillion kWh, then 108 

in 15 years 33,4 trillion kWh are predicted (a gain for 60%), and by 2050 109 

consumption of energy can double – up to 41,3 trillion kWh. 110 

However, according to BP's annual report [13], world primary energy 111 

consumption in 2016 increased by only 1% after rising by 0.9% in 2015 and by 112 

1% in 2014, which is comparable to the 10-year average in 1.8% per year. 113 

Rapier R. [14] makes an important remark that explosive growth in 114 

developing countries is the real story as far as carbon emissions go. 115 

In general, information about the world's energy consumption in various 116 

sources is contradictory and allows for various manipulations and speculation. 117 

This article is intended to clarify some points in the development of world 118 

energy consumption. 119 

 120 

 121 

 122 

 123 
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3.Materials and methods 124 

The necessary parameters were determined by data of various literary 125 

sources. Literary sources were tested for reliability by collation them with each 126 

other and with other independent sources. 127 

Most data have been obtained from reliable sources on the Internet using 128 

search engines Yandex, Google, and Mail.  129 

After assessing the reliability of the sources they were consolidated into a 130 

single list and are ranked according to the degree of consistency to each other. 131 

The pairs of sources were compared with each other and compared with 132 

neighboring ones in the case of data consistency. The obtained data were lined 133 

up according to the reliability of data. The list thus constructed was abbreviated 134 

by a strikeout method, beginning at the end. 135 

Data processing was carried out by linearization of functions and 136 

construction of simple linear regression. Indeed, linear regression can be easily 137 

understood in terms of the simple ideas and does not require understanding 138 

complex abstractions. 139 

Theory 140 

Relative consumption of energy at first seeks for stabilization, and further 141 

there is a growth. 142 

The relative energy consumption was calculated from formula. The 143 

formula is derived proceeding by sense and definition of indicators. 144 

ЕRel = EN/S,         (1) 145 

N – population size, 146 

S - area of habitable territory. 147 

The linearization of the parameters entering into formula (1) is presented 148 

in Fig. 1 a), b) and c), and in Tabl.1. 149 

 150 
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a) 152 

 153 

b) 154 
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 155 

c) 156 

Figure 1. Dependences on time:  a) - energy consumption per capita; b) - 157 

population size; 158 

c) - habitable territory 159 

The dependency characteristics are presented in Tabl.1. 160 

Table 1. The dependencies parameters on Fig. 1 161 

Parameter Regression equation Correlation 

coefficient 

Energy consumption 

per capita 

Ln Ln E=10,3Lnt-123,3 0,883 

Population size Ln N=195,5 Ln t- 1558,7 0,894 

Inhabited territory LnLnS = 250,3LnLnt - 624,8 0,744 

 162 

Parameters of the linearization of the dependences are rather 163 

conventional, they are given for orientation. 164 

Calculations using formula (1) does not make sense to produce by the 165 

linearization formulas, since there is a contradiction between the different units. 166 

Real data in a relative form are used by authors in a tabular form for 167 

calculations on cumulative dependence (1). 168 

5. Results 169 

It is widely known that any attempts of the description of any process by 170 

means of formulas risk to encounter features of the used functions. 171 
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That can lead to errors or difficulties. 172 

Therefore, it is expedient to use for the calculation according to formula 173 

(1) are dimensionless parameters, normalized to the maximum value. 174 

The result of the calculations for determining the normalized energy 175 

consumption, carried out taking into account the above reasoning, is presented 176 

in Fig.2. 177 

The current time on this chart is normalized on the value of 100,000 years. 178 

High values of specific energy consumption in the descending branch of 179 

the graph due to the fact that the energy consumption is carried out at small 180 

habitable territories. 181 

 182 

 183 

Figure 2. Dependence of the specific energy release (use) on time 184 

 185 

 186 

It is easy to see that in the historical context, for many millennia, the 187 

density of energy release has fallen, but over time the rate of decline has 188 

been decreasing, and by now the fall has practically ceased. 189 

In the subsequent the specified indicator shows a tendency to 190 

increase. 191 

This is due to the fact that the expansion of the area of residence has 192 

almost ceased, and energy consumption is increasing. 193 

Fig. 3 shows the change of final energy consumption in different 194 

countries in time. 195 

Part of the data in the literature is given in tons of oil equivalent per 196 

capita, so we had to take into account the current population of the 197 

countries and using a conversion factor of oil equivalent to kilowatt per 198 

hours. 199 

 200 

 201 
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The received results are presented in Fig. 3. 202 

 203 

 204 
 205 

Figure 3. Change in energy consumption by years for the 206 

leading world powers 207 

 208 

As can be seen from Fig.3, the main energy consumption is 209 

accounted for by the "world workshop" - China which is at an industrial 210 

stage, and the countries close to the transition to the postindustrial stage, 211 

like the United States and the EU countries. 212 

In order to more clearly identify the impact of energy consumption 213 

in different countries on the overall situation, we introduce the 214 

integrated indicator of energy consumption for the period. 215 

This indicator is equal to the sum of all values of energy 216 

consumption of a given country, normalized to the maximum value of 217 

the energy consumption for it. 218 

We have compared these data with size of the average level of GNP 219 

per capita for the same countries. 220 

Results are presented in Fig. 4. 221 
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 222 

Figure 4. Interrelation of the integral indicator of energy consumption and 223 

average GNP per capita 224 

 225 

For the dependence in Fig. 4, the correlation coefficient 0.77 is significant 226 

for all significance levels exceeding the level of 0.01. 227 

But he is not very high in the first place because of the scatter of the 228 

values of integral index of energy consumption. 229 

Various factors of internal life of the different countries, and not just level 230 

of industrial development which characterizes GNP per capita can serve as the 231 

reasons of such fluctuations. 232 

6. Discussion 233 

Automatic approximation predicts a small rise in specific energy 234 

consumption beyond the reporting period. 235 

This is consistent with the empirical data on the growth of energy 236 

consumption.  237 

The direct observations and data consolidated in Fig. 3 show that growth 238 

of energy consumption will continue and further. 239 

China carries out actions which can be regarded as attempts to begin 240 

transition to a post-industrial stage, and it means that energy consumption will 241 

even more increase. 242 

On graphics of Fig. 4 it is visible that some countries consume more, than 243 

it would be necessary for their level of industrial development, and some – it is 244 

less. 245 

Such circumstances can serve as a starting point for framing of the 246 

relation to the Kyoto Protocol and for making strategic decisions on the 247 

directions of industrial development in each of the countries. 248 

 249 
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7. Conclusion 250 

The density of energy release per unit area after stabilization begins to 251 

grow again. 252 

Since the habitable territories practically does not increase, the specific 253 

energy consumption will increase further. 254 

It won't give to the nature the chance to adapt to the changed conditions 255 

and doesn't lead to decrease in damage to natural educations. 256 

State and supranational entities should more consciously chosen 257 

development strategy, including, and based on their integral power 258 

consumption. 259 

The only looked-through opportunity in this case is using of innovative 260 

energy saving technologies by the countries which are at a development stage, 261 

post-industrial or close to him, as clearly it is visible that these countries are the 262 

main consumers of world energy resources. 263 
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