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Article History:  Abstract. Purpose – The research aim of the article is the analysis of advanced/developed and 
developing countries in the context of sustainable development, using invariant coordinate 
system in energy units, as well as the impact of structural changes in the economy affect 
the possibility of transition to sustainable development and creation post-industrial society.

Research methodology – In order to achieve the aim were applied the method of socio-eco-
nomic systems power changes analyzing in the frame of structural economic Kaldor model of 
GDP and the energy flows models. 

Finding – The advanced countries have seen a trend of “zero growth” and a decrease in useful 
energy production in the last 10 years. These countries have high labor productivity, tech-
nological level and diminishing potential for sustainable development. China is in the stage 
of “growth and development” and has great potential. Data calculated by the authors of the 
article correlates with the findings of the Kaldor model.

Research limitation – The initial interpretation of the calculated data of France, Germany, Japan, 
USA, European Union and China was made. Countries have been analyzed in the period from 
1990 to 2019. The data of the Central Statistical Office of EU and the World Bank were used. 

Practical implications – The results of the study can be used to further planning and design of 
transition to sustainable development for advanced and developing countries.

Originality/Value – within the framework of the approach, an invariant coordinates system in 
energy units is proposed and the main parameters for assessing the potential of growth and 
sustainable development for advanced countries were formed.

	■ received 20 September 2023
	■ accepted 24 January 2024

Keywords: advanced economics, post-industrial society, sustainability, GDP structure, energy flows, power.

JEL Classification: E19, F69, Q59, R10.

      Corresponding author. E-mail: inese.trusina@aol.com

1. Introduction

The second half of the twentieth century, especially its last quarter, global economic and 
financial stability has undergone numerous challenges, requiring constant control, rethinking 
and overcoming. For the past thirty years, it has been marked by a sharp increase in the share 
of services, the information sector and high-tech industries in the structure of the economies 
of developed/advanced countries (both terms are used in various sources) (Glazyev et. al., 
2018). These structural changes led to the emergence of a popular point of view on the tran-
sition of these states to a new stage of its development, which is called “post-industrial socie-
ty”. According to Bell (1973), the main features of the post-industrial society are the transition 
from industrial production to the predominance of services in the economy, the increase in 
the role of theoretical knowledge and the intellectual labor working class. The post-industrial 
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economy, according to supporters of this theory, is a natural stage in the development of 
the economic system, to which, after industrialization, any country should strive for. Indeed, 
thanks to automation and the international division of labor, advanced countries have been 
able to concentrate on intangible activities. The growth in the standard of living, the leader-
ship in the creation of information technologies and digital platforms, allowed supporters of 
post-industrial theory to argue that relative deindustrialization of the economy is the right 
step for advanced developed countries.

According to the terminology used by the International Monetary Fund [IMF] (2020), ad-
vanced economies are a term used to describe the most developed countries of the world. 
The health of the country’s economy is usually determined by indicators such as a high in-
come per capita, the degree of industrialization, a variety of export base, the financial sector 
integrated into the economy of the world financial system. As of 2020, the IMF classified 
39 countries as the countries with an advanced economy, and seven of them as a core of a 
post-industrial society: the USA, Canada, Japan, the UK, Germany, France, Italy. Nevertheless, 
the crises of recent decades, the slowdown in the growth of the growth of “post-industrial” 
economies and the economic successes of the “industrial” countries have led to the idea of 
restoring the production base of the developed countries of Western Europe, Japan and the 
United States.

The currently used methods for assessing the sustainability of the development of de-
veloped socio-economic systems do not give an objective picture of regional and national 
development. In the modern changing world, objective indicators of sustainable development 
of the socio-economic system are necessary for decision-making, all processes should be 
considered and measured in the invariant coordinate system.

The aim of the article is to analyze advanced/developed and developing countries in the 
context of sustainable development using an invariant coordinate system in energy units, as 
well as the impact of structural changes in the economy on the possibility of transition to 
sustainable development and the creation of a post-industrial society.

The approach considers the method of analyzing changes in the power (energy flows) 
of socio-economic systems and Kaldor’s structural model of GDP, formulates the conditions 
for sustainable development, determines the main parameters for assessing the potential for 
growth, development and transition to post-industrial society.

The first part of the paper focuses on key questions concerning the concepts of post-in-
dustrial society, traditional description of growth and development in post-industrial countries 
and current criteria for assessing the advanced economy. In final, authors formulate different 
point of view on indicators of sustainable development and on formalized problems of the 
conditions for the transition from an industrial society to a post-industrial one. Within the 
framework of the concept of natural science approach in economics and taking into account 
the conclusions of the energy theory of cost, to formalize the tasks of sustainable develop-
ment, in the second part, we consider the methodology of monitoring sustainable develop-
ment by using the model of socioeconomic system energy flows and structural Kaldor model 
in context of the systems power changes analyzing method. The calculations and the initial in-
terpretation of the calculated indicators of the largest countries with a developed economy – 
the European Union, as well as Japan and the United States, which make up the subgroup of 
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the largest countries with advanced economies, was presented in the third part of article. Also, 
for comparison, data on China are presented as country with developing economy.

2. Literature review

2.1. Advanced economy and post-industrial society

The global economic recession and the frequent crises of the modern world increase eco-
nomic instability, provide a higher level of economic insecurity and cause stagnation (Frankel, 
2022). Despite this, our world is capable of producing more material product than any so-
cial formation in history. At the same time, the transition to a new techno-economic struc-
ture is accompanied by an increasing rate of change and economic instability. Under these 
conditions of high variability, the importance of sustainable development of countries and 
regions increases. Modern global trends in socio-economic development are often charac-
terized by such concepts and terms as post-industrial, post-economic society, information 
society, knowledge society, consumer society, as well as a new service creative economy 
and some others like them. The post-industrial economy is defined as a period of growth 
in an advanced economy in which the relative importance of manufacturing declines while 
the importance of services, information and research increases. Such economies are often 
characterized by a decline in the manufacturing sector, leading to deindustrialization, and a 
large service sector, as well as an increase in information technology. 

The sectoral aspect of the post-industrial economy is directed to less developed countries 
that produce what is needed at a lower cost through outsourcing. In the 1930s and 1940s, 
the economists Clarke, Fourastier and Fischer viewed the decline in the share of manufactur-
ing in the economy as a desirable and inevitable trajectory for the development of modern 
society (Moraitis, 2022), since economic prosperity was closely associated with the growth of 
the service sector. They argued that as industrial productivity and incomes increased, labor 
would become redundant and people would work in services for which demand would rise. 

At the same time, the transition to a post-industrial society would guarantee material 
abundance, leisure, and free people from intense industrial work. Post-industrial economists 
saw deindustrialization not as a source of concern, but as a sign of progress and successful 
economic development. It is becoming increasingly clear that the transition of the modern 
economy to services has created a more precarious economic order characterized by more 
polarized labor markets, growing inequality and economic stagnation (Benanav, 2020; O’Do-
novan, 2020). 

Deindustrialization did not lead the world community to a post-industrial paradise, but 
instead brought the state of the world to greater economic insecurity, with dysfunctional 
labor markets and centuries of stagnation as hallmarks. The development of a post-industri-
al society in the advanced countries of the world is characterized by the fact that the share 
of the manufacturing industry in the GDP of these countries is currently lower than in the 
developing country under consideration. 

Data of advanced countries – the USA, Japan, Germany, France, as well as for developing 
country China in 2019 are summarized in Table 1. The chosen year 2019 is the last year before 
the beginning of major global changes that will continue in 2023.
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Table 1. The sectoral structure of GDP of USA, Japan, Germany, France, EU (European Union) 
and China in 2019 (source: World Bank, n.d. and authors’ calculations)

Country
AG (agriculture, 
forestry, fishing)

IND 
(industry, including 

construction)

INAG = AG + IN 
(manufacturing 
(primary and 

secondary sectors)

ST (services and 
transports (tertiary and 

quaternary sectors))

% % % %

The USA 0.8 18 19 81

EU 1.6 23 25 75

Japan 1.0 28 29 71

Germany 0.8 27 28 72

France 1.5 17 19 81

China 3.0 39 42 58

Obviously, as a result of the relative decline in the share of material production, post-in-
dustrial economies have become less dependent on the supply of raw materials. Therefore, it 
could be concluded that the globalization of the world economy has allowed post-industrial 
countries with developed economies to transfer the costs of the next global crisis to devel-
oping countries.

2.2. Growth and development in post-industrial countries

According to the statements and rules of Kaldor and Baumol (Kaldor, 1967; Baumol, 1967), 
the weakening of the economic dynamism of the advanced countries is determined by the 
change in the sectoral composition of modern capitalism, and this is primarily due to the 
lack of a solid industrial base. In the study of advanced countries, it was stated that there 
were no high levels of economic growth in the post-industrial period (Table 2). For Kaldor, 
manufacturing not only has the inherent properties of stimulating economic growth, but 
more broadly represents a fundamental “growth engine” as productivity growth spreads to 
the rest of the economy, boosting aggregate productivity and GDP growth (Kaldor, 1996). 
Manufacturing has the potential to generate important spillovers for the rest of the economy, 
spurring growth in other sectors and driving technological innovation. Nicholas Kaldor noted 
in his works a high correlation between the standard of living and the number of resources 
allocated to production activities. Kaldor’s Laws of Growth (Thirlwall, 2003) are a series of 
three laws concerning the causes of economic growth:

1.	 GDP growth is positively associated with the growth of the manufacturing sector.
2.	 Productivity of the manufacturing sector is positively related to growth in the size of 

the manufacturing sector.
3.	 The productivity of the non-manufacturing sector is positively related to the growth 

of the manufacturing sector.
Therefore, structural changes have an impact on real GDP (Baumol, 1967).
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Table 2. Socio-economic indicators for the USA, Japan, Germany, France, European Union (EU) 
and China in 2018–2019 (source: World Bank, n.d.)

Countries

d PX 
(Change of GDP per 
capita 2018–2019)

d GDP 
(Change of GDP 

2018–2019)

dM 
(Change of 
population  
2018–2019)

M 
(population in 

2019)

% % %+ Mln. capita 

The USA 1.8 2.2 0.5 328
EU 1.7 1.8 0.1 447
Japan 0.7 0.0 0.0 126
Germany 0.8 1.0 0.2 83
France 1.5 1.8 0.3 67
China 5.6 6.0 0.3 1400

Almost the entire neoclassical theory of economic growth is based on the concept of 
balanced growth (Barro et al., 2004). The problem is that, from a theoretical point of view, it 
is impossible to integrate structural changes into the concept of balanced growth. The Solow 
model (Solow, 1994) is based on the fact that the growth of total output is constant along 
the entire trajectory of balanced growth. Therefore, models of structural change imply that 
balanced growth is not applicable in the presence of such changes. This is one of the main 
shortcomings of neoclassical growth theory, since structural change is one of the well-known 
empirical facts. Baumol, in his model of an unbalanced economy (Baumol, 1967), confirms 
the unfavorable nature of the service sector for economic growth. Differences in productivity 
between the two sectors stimulate an industry shift of resources towards less dynamic sectors, 
since high productivity activities require less labor to meet existing demand.

While services have historically resisted mechanization, they should not be considered 
consistently immune to productivity breakthroughs. Recent decades have seen the develop-
ment of technologies that could potentially overcome some of Baumol’s limitations on servic-
es, increasing their commercial value and productivity. Digitalization lowers transaction costs 
and facilitates the provision of services remotely, increasingly exposing them to increased 
productivity in international trade (Sorbe et al., 2018). Artificial intelligence (AI) is another area 
of ongoing technological breakthroughs that can further boost the productivity of the service 
sector (Buzgalin & Kolganov, 2010). However, all of this cannot guarantee that a transformed 
high-tech service sector will sustainably increase aggregate growth. The McKinsey Global 
Institute reports on the role and impact of information technology development on labor 
productivity have not shown a global and significant increase in productivity over the past 20 
years (McKinsey Global Institute, 2018). Production growth was observed mainly in the service 
sector, in the financial sector and in industries that ensure the development of information 
technology. It can be said that information technology has not had a significant impact on 
food production and metal smelting. Undoubtedly, the digital transformation of the economy 
is important for development on a global scale, and at the moment a platform is being cre-
ated for the transition to a new technological order. Advanced development based on digital 
transformation is an important factor in the future development of the global economy. 
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For the EU, this is a frequent case, including competitive advantages in science-intensive 
services, high-tech and digitalized sets, participation in the development of production value 
chains (Boikova et al., 2021). Within place-based approach concept it is important to measure 
smart growth. Creating an integrated and comprehensive development, the specific of the 
context or place-based approach with a stress on local assets and knowledge (know-how) is 
important (Aleksejeva et al., 2020).

2.3. Criteria for assessing the advanced economy

The term “advanced (developed) economy” is used by the International Monetary Fund (2020) 
to describe the most developed countries in the world. While there is no set numerical 
convention for determining whether an economy is advanced or not, the general case is for 
countries that have a high per capita income, a significant degree of industrialization, a di-
versified export base, and a financial sector that is integrated into the economy of the global 
financial system. Countries with advanced economies, which are also called developed, indus-
trialized or mature economies, constitute the core of post-industrial society in the hierarchy 
of world development. The term “advanced economy” is usually used for countries with a 
decent standard of living, a significant accumulation of industrial capital, modern technolo-
gies and institutions that are firmly rooted in the global economy. In 2019, the IMF identified 
the largest advanced economies as the US, Japan, Germany, France, Italy, the UK and Canada. 
These countries are also known as large advanced economies or the Group of Seven (G7). The 
IMF uses the following main criteria to classify countries as advanced economies (IMF, 2020):

1.	 Gross domestic product per capita (1. PX), which sums up all goods and services produced 
in a country in one year and divides this number by its population (World Bank, n.d.).

2.	 The Human Development Index (2.HDI), which quantifies the levels of education, lit-
eracy and health in a country in a single figure, as a quick way to classify an advanced 
economy (United Nations Development Programme, 2019).

3.	 The volume of international trade of countries (3. EXP) – as an indicator of integration 
into the global financial system (World Bank, n.d.).

Additionally, the following indicators are considered as parameters:
1.	 Index of economic complexity (4. ECI) – as an indicator of export diversification. High 

GDP countries are not considered advanced economies if their exports consist primarily 
of a few commodities (Harvard Growth Lab, 2019).

2.	 Quality of life of the population (5. QoL) – as an indicator of the world’s largest cost-of-
living database NUMBEO which is a crowdsourced global database with information on 
quality of life, including housing rates, estimated crime rates and quality of healthcare, 
as well as many other statistics (NUMBEO, 2024).

3.	 Index of sustainable development (7. SGD) – the index of sustainable development is 
determined in accordance with the data of the Sustainable development report, which 
is the first global study and which assesses the position of each country in relation to 
the achievement of the sustainable development goals (Sachs et al., 2021). 

The above indicators for the advanced economies of the USA, Germany, Japan, France, 
as well as for developing China are presented in Table 3, countries are ranked in descending 
order of GDP per capita from the US to China in 2019.
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Table 3. Advanced parameters for the United States, Japan, Germany, France, China in 2019 
(source: World Bank, n.d.)

Country
1. 
PX

2. 
HDI

3. 
EXP

4. 
ECI

5. 
QoL

6. 
SDG

* x  %  x x x

The United States 65 911 12 15 179 75
Germany 47 942 47 19 187 81
Japan 40 925 17 22 181 79
France 40 903 32 13 158 81
China 10 768 18 10 98 72

Note: * – 1000x US doll/capita.

It can be concluded that developed countries have a high share of services in GDP. How-
ever, in the developing country China, all analyzed indicators are lower than the world’s first 
developed economies.

2.4. Different point of view and indicators of sustainable development

In the conditions of a post-industrial society in advanced countries and high volatility, the 
sustainable development of countries and regions is becoming increasingly important. Ze-
ro-loss transformation and nature management, investment-led growth and innovation, an 
inclusive approach to using human talent to manage insecurity, and a process of interna-
tional cooperation aimed at achieving common goals – this will be the story of economic 
growth in the 21st century. The term “sustainable development” was used earlier in nature 
management, and since the 1980s. began to designate already economic activity within the 
framework of ecological integrity and eco-efficiency with the aim of the fair functioning of 
the state, business and society (Trusina & Jermolajeva, 2021).

The current official methodology used to build sustainable development indicators is 
based on heterogeneous and disproportionate measurements using a normalization pro-
cedure. The resulting indicators, as SDG, QoL and HDI (Table 3) are also heterogeneous, as 
they are backed by heterogeneous values expressed in disparate units, which can generate 
erroneous estimates and, as a result, inefficient control. 

Taking into account the interdependence of socio-economic systems and the natural en-
vironment, it must be borne in mind that the coordinate system and units of measurement 
used in the analysis of the sustainability of economic systems must be independent of various 
external factors and be constant over time. It can be said that such parameters as GDP or PX 
(Table 2) in context of the economic structure study, in which the basic unit of analysis of the 
stability of economic relations is money, seems to be incomplete and inadequate, since the 
currencies themselves change over time. Additionally, the concept of post-industrial society 
is poorly formalized and thus the conditions for the transition from an industrial society to a 
post-industrial one is not sufficiently understood.

The ongoing changes force us to form a new view of the ongoing processes and develop 
new methods for analyzing economic relations.
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3. Methodology

Within the framework of the concept of natural science approach in economics (Capra & 
Jakobsen, 2017) and taking into account the conclusions of the energy theory of cost (Costan-
za, 2004), in order to formalize the tasks of sustainable development, a sustainable develop-
ment management model was developed using the method of analyzing changes in power 
and energy flows in open dynamic socio-economic systems (Trusina & Jermolajeva, 2021).

The analysis of socio-economic systems is based on the law of conservation of the power 
of the energy flow (Trusina et al., 2022) in time in energy units necessary for the develop-
ment and provision of all processes of the socio-economic system – the energy flow (full 
power) N(t) entering the system over the period Δ t is equal to the sum of the output flow 
of useful power P(t), as results of activities, and power losses (Formula (1)): 

	 N(t) = P(t) + G(t).	 (1)

There are five main provisions of the model:
1.	 In the context of the model, sustainable development is a continuous process of in-

creasing the ability of the existing socio-economic system in terms of energy units, 
without reducing the level of generated useful power, to meet current needs, as well as 
the needs of future generations, while increasing the efficiency of using the full power 
of the system, reducing power losses and without increasing consumption in the face 
of negative external and internal influences (Bolshakov et al., 2019).

2.	 The introduction of the term “power” into the formulation of sustainable development 
makes it possible to create an independent, invariant system of coordinates and units 
of measurement. The new coordinate system made it possible to rethink and analyze 
the development of individual countries.

3.	  Method for analyzing changes in the power of socio-economic systems. 
The consumed flow of energy or the full power N(t) of society includes all types of energy 

resources necessary to ensure life, production, technological and other processes according 
the Formula (2):

	 N(t) = N1(t) + N2(t) + N3(t), 	 (2)

where: N(t) – full power; N1(t) – power of fossil fuel consuming (machines, mechanisms and 
technological processes); N2(t) – power of electricity consumption; N3(t) – power of food 
consumption.

This sum of all consumption flows determines the needs or potential of society (Podolin-
sky, 2004; Bauer, 2002; Shamaeva, 2019).

In accordance with the law of conservation of power of living systems (Trusina et al., 2022), 
the main goal of the development of socio-economic systems is to increase the amount of 
useful power P(t), as a result of activity, and reduce losses G(t). The useful power P(t), as 
gross output or real power, is determined by the full power utilization efficiency according 
to Formula (3):

	 P(t) = N1(t) × J1 + N2(t) × J2 + N3(t) × J3, 	 (3)

where: J  – energy transformation parameter for specific resources and defined as follows: 
for fuel J1  = 0.25, for electricity J2  = 0.80, for food J3  = 0.05 (United Nations Statistics 
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Commission, 1974; Lindeman, 1942). Power losses G(t) is the difference between the total 
power of the system and the useful power expressed in watts (Wt), calculated according to 
Formula (4):

	 G(t) = N(t) – P(t). 	 (4)

Intellectual capability is the ability of the system to change the full power by changing 
the generalized coefficient of technology perfection – f(t) and the quality of planning. The 
coefficient of technological excellence is determined by Formula (5):

	 f(t) = P(t) / N(t). 	 (5)

4.	  Useful power of socioecoonomic system P(t) potential for innovative development.
The development or changes in the socio-economic systems must be ensured by new 

ideas, projects, technologies or intellectual capabilities, which can be defined as innovations. 
The concept of formalization of innovations determines that the efficiency of using the full 
capacity of the system changes (increases or decreases) during the implementation of inno-
vations. Intellectual capacity is the system’s ability to change the efficiency of full capacity 
utilization (transformation). According to the model (Trusina et al., 2022), development man-
agement is characterized by expansion into a series of changes in useful power P(t), and 
represented by Formula (6): 

	 ( )
2 3

2 3
0 2 3
  ,dP d P d PP t P P a t b t c t

dt dt dt
Δ = − = Δ + Δ + Δ 	 (6)

where: dP
dt

 – the first derivative is responsible for the growth of the power of the system, 

a  – linear coefficient of t, average growth rate (velocity); 
2

2
d P
dt

 – the second derivative is 

responsible for the development, b – parabolic coefficient of t2, showing deceleration or ac-

celeration; 
3

3
d P
dt

 – third derivative is responsible for the condition of sustainable development, 

c – impact coefficient.
The minimum time interval for a socio-economic system such as a country or region with-

in the framework of the model is assumed to be 3 years. In accordance with this assumption, 
the growth of the social and economic system is considered for a period of at least 3 years, 
development – for a period of at least 9 years, sustainable development – for a period of 
at least 27 years, which is approximately one generation. The simple form of Formula (6) is 
presented by Formula (7):

	 ∆P(t) = P(t) – P0 = a dP(t) + b d2P(t) + c d3P(t).	 (7)

Based on certain parameters, it is possible to formulate various directions for the de-
velopment of socio-economic (Table 4) and natural systems and can be used as important 
indicators for assessing internal changes and external influences.

Useful power is a function of the level of technological development of the system and 
the structure of energy consumption. The formulated concepts are the basis for creating the 
basic structure of universal indicators for determining and monitoring sustainable regional 
development.
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5.	 Quality of life in units of energy – QoLE
The quality of life (QoLE) as an objective function in energy units of measurement in the 

concept of this model is defined as the power necessary to fulfil human needs in order to 
realize ever-increasing opportunities, taking into account the quality of the environment and 
the level of technological development. The higher the quality of life, the higher the potential 
to ensure the development of the socio-economic system through the use of innovations and 
tools of the digital economy in order to improve the quality of living space for present and 
future generations (Trusina & Jermolajeva, 2021).

6. The main universal indicators of sustainable development, such as quality of life (QoLE), 
technological excellence (f) and standard of living U(t) (useful power per capita), productivity 
as a production of useful power by one employee (PHPE), was carried out according to the 
formulae of Table 5 (Trusina et al., 2022). Data from official databases were used for the cal-
culations, including: population M(t); Life expectancy LE(t); Employees LM(t) (World Bank, n.d.).

Table 5. Sustainable development parameters definition and formulae (source: authors’ 
construction)

Definition Designation Unit Formulas

Full (final consumption) power, 
Needs or System volume 

N(t) W Formula 2

Useful power, 
Systems possibilities, innovation level

P(t) W Formula 3

Power losses, system lost opportunities, 
environmental impact

G(t) W Formula 4

Technological efficiency f(t) % f(t) = P(t) / N(t) * 100
Quality of environment q(t) % q(t) = G(t)/G (t – 1) * 100
Full power final consumption per capita D(t) W D(t) = N(t) / M(t)
Useful power per capita U(t) W U(t) = P(t) / M(t)
Productivity PHPE W PHPE(t) = P(t) / LM(t)
Quality of life QoLE W QoLE(t) = U(t) * q(t) * LE(t) / 100

All formulated sustainable development parameters are measured in energy units (W –
watt) or in relative dimensionless units. As a result, we have defined an invariant coordinate 
system in energy units.

Table 4. Development trends of socio-economic systems depending on the useful power 
(energy flow) changes (source: authors’ construction)

N Trend of the system Trends cod Period,
min. years dP(t) d2P(t) d3P(t)

1 Growth Zero S 9 =0 x x
2 Growth up GU 3 >0 x x

Growth down GD 3 <0 x x
3 Development D 9 >0 >0 x
4 Development Sustainable SD 27 >0 >0 >0
5 Degradation DD 9 <0 <0 x
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4. Research results and discussion

Within the framework of the proposed model of socio-economic system’s power changes 
analyzing and Kolder model, calculations were carried out, and the data obtained were pre-
sented in the form of tables and graphs. The data of the Central Statistical Office of the EU 
(Eurostat, n.d.; World Bank, n.d.; UNDATA, n.d.) were used for calculations.
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Figure 1. Changes of GDP PPP of the United States (US) and European Union (EU) period 1990–
2019, and China (CH) in period 2000–2019 (source: World Bank, n.d. and authors’ calculations)

Calculations and initial interpretation of the calculated data of the largest countries with 
advanced economies – the European Union, including France, Germany, as well as Japan and 
the United States, which make up a subgroup of the largest countries with advanced econ-
omies, were carried out with comparison of China. The growth of the GDP per capita for the 
period 1990–2019 is linear tendency for USA, EU and China with rather high coefficients of 
determination with values about R2 = 0.97 and more (see Figure 1).

The Figure 2 presents the development of the USA, EU and China in the period 1995–2019 
in the new invariant coordinate system and energy units of measurement.
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Figure 2. Changes of useful power P(t) of the United States (US), European Union (EU) and 
China (CH), period 1995–2019 (source: World Bank, n.d. and authors’ calculations)
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The graphs of changes in useful power for the US and the EU have almost zero changes, 
over the same period, China had a linear growth with an increase of at least 6%. China’s net 
capacity, which means its innovative development potential, exceeded that of the EU in 2006, 
and exceeded that of the United States in 2011. According to the presented data on Figure 2 
and based on Table 4 conditions, authors formulated various directions of the socio-economic 
development (Table 6) for the US, EU and China. It is necessary to note the steady growth of 
China’s potential over 20 years from 2000 to 2019 with a high linear coefficient of 42.

Table 6. Development trends for the United States (US), Europe Union (EU), China (CH), period 
2000–2019 (source: authors’ calculations)

Country Trend of the system Period
years

Trend’s 
cod

a 
(Linear 

coefficient 
of t)

b 
(Parabolic 
coefficient 

of t2)

dP d2P

US Growth, almost zero, 
stagnation 

20 S 1 0.1 > 0  ≈0 >0

EU Growth, almost zero, 
stagnation with negative trend

20 S 1 –0.2 ≤ 0  ≈0 ≤ 0

CH Growth and Development with 
a tendency to slow down

20 GD 42 –0.2 ≤ 0  >0  ≤ 0

In order to formalize the approach to studying structural changes in the economy the 
sectoral structure of GDP is represented by the indicator STINA – ratio of non-manufacturing 
sector share to manufacturing sectors share of GDP bay Formula (8):

	 STINA = ST / INAG,	 (8) 

where: AG – share in GDP of agriculture, forestry, and fishing; IN – share in GDP of industry 
(including construction); ST – share in GDP of services and transports (tertiary and quaternary 
sectors); The data of AG, IN and ST for selected countries was presented in Table 1 and calcu-
lated indicator STINA with standard description of society and economy presented in Table 7.

Table 7. Calculated indicator STINA with standard description of society and economy for the 
United States (US), France (FR), Europe Union (EU), Japan (JP), Germany (GE), China (CH) in 2019 
(source: authors’ calculations)

Countries STINA 
(calculated)

STINA 
interval for 

classification
description

US 4.3 4–5 Post-industrial economy and creation of information 
society. High level of GDP PPP per capita

FR 4.3 4–5 Post-industrial economy and creation of information 
society. High level of GDP PPP per capita

EU 3.1 3.0–3.9 Transition economy
JP 2.5 2.0–2.9 High-tech production and services
GE 2.5 2.0–2.9 High-tech production and services
CH 1.4 1.0–1.9 Industrial economy



108 I. Trusina. Assessing the sustainability of advanced and developing countries: a different perspective

Figure 3 shows the changes in the STINA coefficient for the USA, EU and China for the 
period 1995–2019. 
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Figure 3. Dynamic of coefficient STINA changes for the United States (US), European Union (EU) 
and China (CH), period 1995–2019 (source: World Bank, n.d. and authors’ calculations)

Comparing with the results of Figure 2, the authors can draw the following conclusions:
	■ if the value of STINA is in the range of up 2, its change over time is insignificant (less 
than 5%), we can talk about steady-state economic growth (example of China);

	■ if the STINA is outside 2, we can talk about slow or zero economic growth (example 
of USA, EU);

	■ if STINA change over time is significant, it is connected with economic reconstruction 
and as results then this slows down the growth.

In accordance with the methodology and Table 5, the main indicators were calculated for 
the USA, France, Germany, Japan and China. Countries were ranked according to quality of 
life indicators (see Table 8). The United States shows a higher level of quality of life as a po-
tential for development. At the same time, advanced countries with a high STINA coefficient 
(more than 2) have reduced their development potential in future (d QoLE) and productivity 
(d PHPE), and China has a threefold increase in the possibility of further development.

Table 8. Sustainable development parameters for the United States (US), Japan (JP), Germany (GE), 
France (FR), China (CH) in 2019 (source: World Bank, n.d. and authors’ calculations)

Systems
D(t) U(t) f (t) QoLE

d QoLE
(Change for 
2000–2019)

PHPE
d PHPE

(Change for 
2000–2019)

STINA

kWt kWt % kWt % kWt % x

US 6.6 2.3 36 1.8 –14 4.9 –8 4.3
FR 3.2 1.3 40 1.0 –5 3.0 00 4.3
GE 3.5 1.2 36 1.0 –4 2.5 –20 2.5
JP 2.8 1.2 41 1.0 –9 2.2 +12 2.5
CH 2.1 0.8 37 0.6 +200 1.4 +180 1.4

Data of Tables 6 and 8 show that: 
The United States shows in 2019 a higher level of quality of life (QoLE) as a potential for 

innovative development and high level of STINA, that is corresponding of the development 
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trends. Problem is there in negative tendencies if changes of QoLE and PHPE. This is possibly 
the influence of a relatively low technological efficiency coefficient f (t). The US have been 
on a “Growth Zero” or Stagnation trend for the past 10 years and a decrease in useful power 
produced per capita.

France shows in 2019 a higher level of STINA and the relatively high level of technological 
efficiency coefficient f (t), but at the same time it has a low level of quality of life (QoLE) as a 
potential for innovative development. In the previous stage of industrial development, France 
did not accumulate the corresponding potential.

Germany and Japan show similar indicators, but Japan has a higher level of technological 
efficiency f(t) and a positive trend in productivity.

These countries have a lower potential for advanced development with higher produc-
tivity, the development of the energy paradigm and the technological level. China is in the 
stage of “growth and development” and has great potential due to advanced development. 
The internal structure of the socio-economic system of China and their potential as a quality 
of life (QoLE) and productivity (PHPE) have been on the rise for the last ten years. The system 
in this state can more easily and quickly move to the stage of advanced development. China’s 
values have increased significantly over the past 10 years and in 2019 have values close to 
those of the United States.

It is important to note that the data calculated by the authors of the article in the invariant 
coordinate system in energy units in structural indicators correlates with the findings of the 
Kaldor model.

5. Conclusions 

Within the framework of the concept of natural science approach in economics, a model of 
sustainable development monitoring using the method of analysis of energy flows and power 
changes in open dynamic socio-economic systems has been developed to formalize the tasks 
of sustainable development.

The authors presented the results of the analysis of advanced/developed countries and 
compared them with a developing country in the context of the proposed approaches.

Within the framework of the study, using the invariant coordinate system in energy units 
and the main provisions of the Kaldor model, the basic indicators of socio-economic systems 
and the STINA structural change coefficient were developed. 

The data calculated by the authors in the invariant coordinate system in energy units and 
the analysis of GDP of post-industrial economies of leading countries showed the non-linear 
nature of GDP and GDP per capita growth in these countries.

The indicators were calculated and interpreted for developed economies – the United 
States, France, Germany, and the European Union – and compared with data for China as an 
emerging economy. 

Based on the new definition of sustainable development in energy units and the method 
of analyzing the change in the power of socio-economic systems, the historical development 
trends of the USA, EU and China for the period 1995–2019 were formulated.

The results of the study can be used for further design of sustainable development of 
developed and developing countries.



110 I. Trusina. Assessing the sustainability of advanced and developing countries: a different perspective

Funding

This work was supported by European Social Fund project of Latvia University of Life Sciences 
and Technologies no. 8.2.2.0/20/I/001 “Transition of LLU to the new doctoral funding model”. 

This work was supported by the project of Latvia University of Life Sciences and Technol-
ogies Nr. Z70 “Integrated approach to determining socio-economic indicators of sustainable 
development”.

Disclosure statement 

The authors have not any competing financial, professional, or personal interests from other 
parties.

References 

Aleksejeva, L., Aleksejevs, M., & Ostrovska,  I. (2020, March 19–20). A comprehensive place-based ap-
proach for smart growth in cross border territories. In Proceedings of the III International Scientific and 
Practical Conference (DEFIN-2020), Article 36. Association for Computing Machinery. 
https://doi.org/10.1145/3388984.3390645 

Barro, R. J., & Sala-i-Martin, X. (2004). Economic growth (2nd ed.). MIT Press.
Bauer, E. S. (2002). Theoretical biology. Rostok.
Benanav, A. (2020). Automation and the future of work. Verso. 
Baumol, W. J. (1967). Macroeconomics of unbalanced growth: The anatomy of urban crisis. The American 

Economic Review, 57(3), 415–426.
Bell, D. (1973). The coming of the post-industrial society. Basic Books.
Boikova, T., Zeverte-Rivza, S., Rivza, P., & Rivza, B. (2021). Determinants and effects of competitiveness: 

The role of digitalization in the European economies. Sustainability, 13(21), Article 11689. 
https://doi.org/10.3390/su132111689 

Bolshakov, B. Y., Karibaev, A., & Shamaeva, E. F. (2019). Introduction to the theory of management of 
novation’s with the use of spatiotemporal measures. AIP Conference Proceedings, 2116(1), Article 
200009. https://doi.org/10.1063/1.5114190 

Buzgalin, A., & Kolganov, A. (2010). Economic crisis: Scenarios of post-crisis development. Science and 
Society, 74(4), 538–546. https://doi.org/10.1521/siso.2010.74.4.538 

Capra, F., & Jakobsen, O. D. (2017). A conceptual framework for ecological economics based on systemic 
principles of life. International Journal of Social Economics, 44(6), 831–844. 
https://doi.org/10.1108/IJSE-05-2016-0136 

Costanza, R. (2004). Value theory and energy. In C. J. Cleveland (Ed.), Encyclopedia of energy (pp. 337–346). 
Elsevier. https://doi.org/10.1016/B0-12-176480-X/00118-2 

Eurostat. (n.d.). Database. https://ec.europa.eu/eurostat/data/database 
Harvard Growth Lab. (n.d.). Country & product complexity rankings. https://atlas.cid.harvard.edu/rankings 
Frankel, J. (2022). Is a global recession really around the corner? Project Syndicat. https://www.project-syn-

dicate.org/commentary/global-recession-2023-preventable-gdp-growth-by-jeffrey-frankel-2022-12 
Glazyev, S. Y., Ajvazov, A. E., & Belikov, V. A. (2018). The future of the world economy is an integrated 

world economic structure. Economy of Region, 14(1), 1–12. https://doi.org/10.17059/2018-1-1 
International Monetary Fund. (2020). A year like no other. IMF annual report 2020. 

https://www.imf.org/external/pubs/ft/ar/2020/eng/downloads/imf-annual-report-2020.pdf 
Kaldor, N. (1996). Causes of growth and stagnation in the world economy. Cambridge University Press. 

https://doi.org/10.1017/CBO9780511559709 
Kaldor, N. (1967). Strategic factors in economic development. Cornell University, Ithaca. 

https://doi.org/10.1145/3388984.3390645
https://doi.org/10.3390/su132111689
https://doi.org/10.1063/1.5114190
https://doi.org/10.1521/siso.2010.74.4.538
https://doi.org/10.1108/IJSE-05-2016-0136
https://doi.org/10.1016/B0-12-176480-X/00118-2
https://ec.europa.eu/eurostat/data/database
https://atlas.cid.harvard.edu/rankings
https://www.project-syndicate.org/commentary/global-recession-2023-preventable-gdp-growth-by-jeffrey-frankel-2022-12
https://www.project-syndicate.org/commentary/global-recession-2023-preventable-gdp-growth-by-jeffrey-frankel-2022-12
https://doi.org/10.17059/2018-1-1
https://www.imf.org/external/pubs/ft/ar/2020/eng/downloads/imf-annual-report-2020.pdf
https://doi.org/10.1017/CBO9780511559709


Business, Management and Economics Engineering, 2024, 22(1): 96–111 111

Lindeman, R. (1942). The trophic-dynamic aspect of ecology. Ecology, 23(4), 399–417. 
McKinsey Global Institute. (2018). Solving the productivity puzzle: The role of demand and the promise 

of digitization. McKinsey & Company. https://www.mckinsey.com/~/media/mckinsey/featured%20in-
sights/meeting%20societys%20expectations/solving%20the%20productivity%20puzzle/mg-solving-
the-productivity-puzzle--report-february-2018.pdf

Moraitis, A. (2022). From the post-industrial prophecy to the de-industrial nightmare: Stagnation, the 
manufacturing fetish and the limits of capitalist wealth. Competition & Change, 26(5), 513–532. 
https://doi.org/10.1177/10245294211044314 

NUMBEO. (2024). Quality of life index by country 2024. https://www.numbeo.com/quality-of-life/rank-
ingsbycountry.jsp 

O’Donovan, N. (2020). From knowledge economy to automation anxiety: A growth regime in crisis? New 
Political Economy, 25(2), 248–266. https://doi.org/10.1080/13563467.2019.1590326 

Podolinsky,  S. (2004). Socialism and the unity of physical forces. Organization & Environment, 17(1), 
61–75. https://doi.org/10.1177/1086026603262092 

Sachs, J., Kroll, C., Lafortune, G., Fuller, G., & Woelm, F. (2021). The decade of action for the sustainable 
development goals: Sustainable development report (2021). Cambridge University Press. 
https://sdgtransformationcenter.org/reports/sustainable-development-report-2021 

Shamaeva, E. F. (2019). Novation management methodology in design of regional sustainable develop-
ment systems with the use of universal measurable values. Journal of Advanced Research in Dynamical 
and Control Systems, 11(8), 329–338. 

Solow, R. M. (1994). Perspectives on growth theory. Journal of Economic Perspectives, 8(1), 45–54. 
https://doi.org/10.1257/jep.8.1.45 

Sorbe, S., Gal, P., & Millot, V. (2018). Can productivity still grow in service-based economies? Literature 
overview and preliminary evidence from OECD countries (Economics Department Working Papers 
No. 1531). OECD. https://one.oecd.org/document/ECO/WKP(2018)79/En/pdf 

Trusina,  I., & Jermolajeva, E. (2021). The scientific discourse on the concept of sustainable development. 
Eastern Journal of European studies, 12(2), 298–322. https://ejes.uaic.ro/articles/EJES2021_1202_TRU.pdf

Trusina,  I., Jermolajeva,  E., & Sloka,  B. (2022). Analysis of energy resources’ flows as the sustainable 
development parameters. In Proceedings of the 2022 International Scientific Conference “Economic 
Science for Rural Development”, 56, (pp. 254–263). Jelgava. https://doi.org/10.22616/ESRD.2022.56.025 

Thirlwall, A. (2003). Growth and development: With special reference to developing economies (7th ed.). 
Palgrave. 

UNDATA. (n.d.). United Nations Statistics Division. http://data.un.org/Explorer.aspx 
United Nations Development Programme. (2019). Human development report 2019. Beyond income, be-

yond averages, beyond today: Inequalities in human development in the 21st century. 
https://hdr.undp.org/content/human-development-report-2019

United Nations Statistics Commission. (1974). 18th session of the Unite Nations Statistics Commission. 
https://unstats.un.org/unsd/statcom/18th-session/ 

World Bank. (n.d.). World development indicators. https://databank.worldbank.org/source/world-devel-
opment-indicators

https://www.mckinsey.com/~/media/mckinsey/featured insights/meeting societys expectations/solving the productivity puzzle/mg-solving-the-productivity-puzzle--report-february-2018.pdf
https://www.mckinsey.com/~/media/mckinsey/featured insights/meeting societys expectations/solving the productivity puzzle/mg-solving-the-productivity-puzzle--report-february-2018.pdf
https://www.mckinsey.com/~/media/mckinsey/featured insights/meeting societys expectations/solving the productivity puzzle/mg-solving-the-productivity-puzzle--report-february-2018.pdf
https://doi.org/10.1177/10245294211044314
https://www.numbeo.com/quality-of-life/rankingsbycountry.jsp
https://www.numbeo.com/quality-of-life/rankingsbycountry.jsp
https://doi.org/10.1080/13563467.2019.1590326
https://sdgtransformationcenter.org/reports/sustainable-development-report-2021
https://doi.org/10.1257/jep.8.1.45
https://one.oecd.org/document/ECO/WKP(2018)79/En/pdf
https://ejes.uaic.ro/articles/EJES2021_1202_TRU.pdf
https://doi.org/10.22616/ESRD.2022.56.025
http://data.un.org/Explorer.aspx
https://hdr.undp.org/content/human-development-report-2019
https://unstats.un.org/unsd/statcom/18th-session/
https://databank.worldbank.org/source/world-development-indicators
https://databank.worldbank.org/source/world-development-indicators

