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Abstract: On a macro-economic scale the application of irreversible 
thermodynamics considerations shows that a more efficient economic organi-
zation (i.e. local decrease of entropy), has an impact on the environment that 
can be measured by the energy intensity dynamics. This component of envi-
ronmental temperature increase may be estimated as temperature increase 
values for selected economies. The reduction of this temperature increase 
may be done, in this case, by using circular economics actions that make 
more efficient the exchange of energy, resources and waste with the environ-
ment and generate technologies that turn the waste liabilities into assets.  

Keywords: irreversible thermodynamics, climate change, energy intensity, 
circular economy 
 

Rezumat: O economie este considerată un sistem termodinamic, guver-
nat de un comportament tipic ireversibil, în contact cu mediul. La o scară 
macroeconomică, aplicarea considerentelor termodinamice ireversibile con-
cluzionează că o organizație economică mai eficientă (adică scăderea locală 
a entropiei) are un impact asupra mediului care poate fi măsurat utilizând 
dinamica intensității energetice. Această componentă a creșterii temperaturii 
mediului este estimată ca valori ale creșterii temperaturii pentru economiile 
selectate. Reducerea creșterii temperaturii poate fi făcută, în acest caz, prin 
utilizarea unor acțiuni economice circulare care fac mai eficient schimbul de 
energie, resurse și deșeuri cu mediul. 

Cuvinte cheie: termodinamica ireversibilă, schimbări climatice, intensitate 
energetică, economie circulară. 
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1. Introduction 

 
The relation of human society and Nature has been analyzed from vari-

ous view-points in the last more than two decades since the first global agree-
ment related to climate change. It is clear now that by exchanging energy and 
mass with the environment human society is producing sizeable effects in this 
last one. Beside energy and mass (call it material resources and waste) there is 
though, an effect given by the exchange of entropy resulting from the increase 
of anthropic system organization hence the decrease, locally, of its entropy. On 
a product and technology scale lifecycle evaluations of the entropy source have 
been attempted as well as the determination of the value of the entropy produc-
tion of a technological process or even an economy in correlation with energy 
or exergy (Bakshi et.al. (Ed.)2012). All these attempts recognize the fact that by 
a better economic and technological organization there is a decrease of entropy 
that can be evaluated. At the scale of the whole economy of a given country 
there is a way to measure the impact, in terms of temperature variation, on the 
environment of increasing socio-economic organization.  This is given by the 
evolution of commercial energy intensity in each economy.  

On a large time scale commercial energy intensity dynamics show a 
first period of increase followed by one of decrease. The change is given by 
the implementation of new technologies and by a more efficient economic 
system structure that uses energy to create GDP. Thus in the increasing por-
tion of the energy intensity the economy uses energy not only to ensure its 
survival, measured by the GDP, but to change its organization into a more 
efficient one. Once this is done the energy used produces more GDP than 
before (Purica, 1992). Based on this reasoning the increasing part of energy 
intensity evolution is proportional to the energy consumed from environ-
ment while the following decreasing part is proportional to the level of new 
more efficient organization i.e. to the lower entropy that this achieves.  
 

2. Irreversible Thermodynamics approach 
 

Considering the two systems: economy and environment intercon-
nected one may write the irreversible Thermodynamics equation to describe 
the interconnection (Guminski, 1964 and deGroot, 1984). The terms in de-
scribing the exchange of material resources are neglected for now. 
 

 dU/dt+TdS/dt=0                               (1) 
 

where: dU – energy exchange ; dS – entropy variation ; T -  temperature ; t - 
time. 
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This transforms to: 
 
 T=(dU/t)/(-dS/t)                               (2) 
 

Now the increasing part of the energy intensity curve has a positive 
trend and is proportional to dU/dt and the decreasing part has a negative 
trend and is proportional to -dS/dt (resulting in a positive dS/dt value). From 
the Temperature formula above there results a positive temperature value i.e. 
an increase of temperature of the environment given by the economy evolu-
tion toward more efficient production of GDP.  

This effect of temperature increase of the environment due to a more 
efficient organization of the economy has to be compensated in order not to 
accumulate and lead to the elimination of the local (subsystem) of low en-
tropy. 
 

The compensation may come from the term that we have willingly 
neglected above i.e. the exchange of material resources between economy 
and environment. This adds one more term to the above equation: 
 
 TdS /dt + dU /dt + Σkidmi /dt = 0                (3) 
 
where: ki – a constant of each resource i measured in energy per unit of 
rsource; it describes the technologies available for using the said resource; 
mi – the quantity of resource i exchanged 
 

Analyzing this term leads to considering the resources versus the 
waste treatment in the economic dynamic.  The analysis is focused not on 
absolute values but, on variations.  
 

3. Circular economy 
 

For example, to diminish the temperature increase one needs to reduce 
the new denominator dU /dt + Σkidmi /dt. This is done by e.g. reducing the ve-
locity of transfer of primary resources by increasing product use time i.e. -
dm/dt.. In economic terms this would mean e.g. to make more durable products 
with more possibilities to increase their use time by a better maintenance capa-
bility in their design and by a better type of service in operation. Also, the recy-
cling of waste may contribute to diminishing the rate of transfer of primary re-
sources from/to the environment. Making steel from scrap metal rather than 
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from ore has an impact both on less primary resource transfer and on the small-
er overall consumption of energy for metallurgical production. Moreover, using 
fuels with high energy content such as uranium (obviously with the right con-
version technologies) is also diminishing the mass transfer. 

From the above it results that there is a natural inter-connection of 
the environment and the organization of the economy (in the sense of reduc-
ing entropy and also in increasing its capability to produce more GDP - as a 
measure of development), in regard to the temperature increase of the envi-
ronment and transfer of primary resources to the economy system. Moreo-
ver, new approaches based on non-equilibrium economics (Berger, 2009) 
and on nonlinear decision models Purica, 2010) are bringing better instru-
ments to describe the process. 
 

4. Estimating temperature increase 
 

To have an evaluation of the order of magnitude of the temperature in-
crease in the case of no resource transfer, the data from the evolution of energy 
productivity curves for selected economies are used as presented in Appendix 1. 
The energy productivity is the reverse of energy intensity so the trend is first 
downward and then upward. Thinking in financial terms this looks like an in-
vestment of energy into a more efficient economy organization that is paid back 
in energy once the new organizational structure is in place. Thus, in this case, 
the trend (slope) proportional to energy use is negative and the one proportional 
to entropy decrease is positive, resulting in the same positive increase of the 
temperature. Again the Energy Return on Investment (EROI) has been analyzed 
at a technology scale but not at the scale of an economy. 

The results are given in Table 1, below: 
 

Table 1. Estimated temperature increase  
for selected economies [oC] 

 

dU dS T=dU/-dS

USA -164.17 79.54 2.06

UK -128.20 114.58 1.11

Germany -64.10 102.27 0.62

Japan -48.19 48.19 1.00

Italy -21.97 40.81 0.53

 
Source: author’s calculations based on data in Appendix 1. 
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The estimated value of the temperature increase is actually occurring 
over a period of time that represents, in the ‘energy investment for more effi-
cient organization’ interpretation, a payback time for the energy spent to create 
a better organization. So for the countries selected the estimated payback times 
are: UK – 160 years; USA – 170y; Germany – 140y; Japan – 80y. 

One thing to notice here is the fact that a given temperature increase 
over a longer time period is allowing the environment to adapt and absorb it 
while a fast temperature increase is not. One would be, thus, interested in 
assessing the environmental resilience limit to a temperature increase veloci-
ty beyond which the environment will not be able to absorb the shock. 

Related to economic organization and temperature increase one may 
look at the two figures below where the fact that temperature increase periods 
are actually happening during the periods of decreasing energy intensity of the 
large economies. Moreover, during the period of the Second World War and its 
aftermath of economic reconstruction, the temperature increase stagnated, to 
start again after the middle of the seventies (with the advent of new more effi-
cient economic activity). A new wave of economies is coming along that may 
bring more impact on temperature increase if they do not learn from previous 
experience and if no common action is agreed by everybody. The Paris COP21 
(December, 2015) agreement is a promising start provided it will be applied.  

The occurrence in recent years of climate change generated conflicts 
and the increasing risks of large confrontations that would disorganize eco-
nomic activity are, obviously, not a solution to generate more ‘anthropic’ 
entropy that would reduce the increase in temperature. 
 

 
 

Figure 1. Energy intensity reported to the British Parliament 
Source: POST UK 2007 
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The same picture, with Kanji symbols, was used to underline energy 
intensity and the late-developer’s advantage, for the State Council Develop-
ment Resource Centre, China. Vertical axis is energy intensity [energy ex-
pended per unit of GDP]. 

 

 
 

Figure 2. Variation of the Earth’s surface temperature 
 

5. Conclusions 
 

The fact that human economies are organizing themselves into more 
efficient structures that create more GDP per unit of used energy has an ef-
fect of diminishing the local system entropy. This generates an increase of 
the environmental temperature, measurable if an irreversible Thermodynam-
ic model is used to describe the dynamics of energy intensity. 

The increase in temperature is evaluated based on the energy produc-
tivity (reverse of the energy intensity) data series for selected economies 
resulting in temperature increases of the same order of magnitude with the 
measured ones for the last 160 years. 
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The evolution of the temperature increase shows some dependency 
on the periods of increased or decreased organization of the economies that 
should be more extensively analyzed. Also, it is suggested to prepare for the 
effects of extended conflicts expected to occur from climate change. 

One important conclusion is the fact that to compensate for the tem-
perature increase associated to the entropy decrease due to new organization 
of economies it is important to consider the transfer of resources and man-
agement of waste, in such a manner as to diminish the temperature increase 
effect. Some suggestions are provided on the matter, especially regarding the 
concept of ‘circular economics’.  
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Appendix 1. 
 

Table A1.1. Energy Productivity of selected economies 
 

Year UK USA Germany Japan Italy 

1810 1.056 1.2    

1820 1.053 1.16    

1830 1.01 1.099    

1840 0.88 1.031    

1850 0.76 0.93 1.53   

1860 0.625 0.83 1.37   

1870 0.55 0.75 1.22   

1880 0.51 0.68 1.03   

1890 0.56 0.625 0.9   

1900 0.602 0.619 0.75   

1910 0.603 0.58 0.77 2.44 4.16 

1920 0.604 0.53 0.84 2.22 3.84 

1930 0.71 0.65 0.94 2.04 3.73 

1940 0.8 0.72 1.01 1.82 3.45 

1950 0.85 0.83 1.11 1.61 2.56 

1960 0.98 0.91 1.19 1.64 1.81 

1970 1.052 0.98 1.22 1.64 1.43 

1980 1.22 1.15 1.41 2 1.59 

1990 1.47 1.41 1.63 2.44 1.92 

 
 
 



 Irreversible thermodynamics view of the need for a circular economy 67 

 

 
 

Figure A1.1. Energy productivity of selected economies. 
Source: Author’s calculation based on U. Colombo et.al. 2000 and Martin 1990. 

 

 
 

Fig.A1.2.Energy intensities of GDP, selected countries,1850-1990 
(tep/1980 dollars x1000). 

Source: Martin, 1990, Tonnelli, 2008. 



EMERG Serie nouă, An V, vol. 11 / 2019                  ISSN 2457-5011 

 

DIGITAL SOLUTIONS IN UTILITIES 
 

SOLUTII DIGITALE  IN  UTILITATI 
 

Sergiu Stelian ILIESCU 
 
 

Abstract: The article makes a synthetic presentation of the digitization 
aspects in the electrical power systems: philosophies of theoretical-engineering 
approach, advantages and warnings rised by the digitalization problem. 

 
Keywords: Informatics systems, digitization, industry 4.0 and 5.0, Cyber 
Physical System (CPS), cyber security. 
 

Rezumat: Se face o prezentare sintetica a problematicii digitalizarii in 
sistemele electroenergetice (SEE): filosofii de abordare teoretico-ingineresti, 
avantaje si atentionari ridicate de digitalizare. 

 
Cuvinte cheie: Sisteme informatice, digitalizare, industria 4.0 și 5.0, sistem 
fizic cibernetic, securitate cibernetică 
 

1. Introduction 
 
Prolegomena of an electrical power systems management (EPS) 
 

We are going through an intense period of future emergence 
technologies and new concepts and paradigms in the management of the 
EPS. For a correct use of the new concepts it is necessary to explore the 
context in which these concepts have appeared and acquired new values. 

In this sense we mention the term digitization / digitalization, a 
concept that tends to take over the entire behavior of the current world.  

This brief investigation begins in 1980 when Yoneji Masuda 
launches the idea of the Informational Society as a solution to the different 
development problems between East and West, South and North. 

Later this concept was completed in 1995 by Mrs. Edith Cresson and 
Mr. Padraig Flynn and nominated as the Knowledge Society. 

In parallel, we were witnesses of two imprtant moments of the 
industrial revolution: Industry 4.0 (2010) and Industry 5.0 (2017). For 
example, Industry 5.0 can be characterized by: 

- the trend of the processes change towards directed change to a 
closer cooperation between man and the equipment and the systematic 
prevention of possible damages and losses; 
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- priority is the efficient use of the workforce of people and 

equipments, in a synergetic environment. 
In this context, we should mention some ideas for approaching an 

EPS, both from the analysis point of view and from the design (synthesis) 
point of view: 

α) The systems theory is based on the notions of system (technical 
system) and process (industrial / technological one). Here I must highlight a 
new theory of approach of the two classes of control systems - classical 
systems and systems based on artificial intelligence - in a whole unit, the 
dual systems theory (fig. 1). 

β) The system analysis is focused on the use of informatics systems 
in the management of an EPS. 

γ) The multiagent system is an extension of the systems theory, each 
system being an agent that is supposed to cooperate with the other agents. 

δ) Cyber Physical System (CPS) is a concept launched in the USA 
around 2006 that emphasizes both the physical and cybernetic part 
(informatics system), but in particular, the communications part (fig. 2). 
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Figure 1. Block diagram of automatic dual adjustment of depression in the furance of a 
steam boiler with a drum 

B – fuel flow; A – air flow; G – burned gases flow; H – depression in the furnance; %O2 - % oxygen 
signal in flue gases in burned gases; KR – RG controller gain; T1 – time constant for integration in RG 

controller. 
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Figure 2 - RAf-P control towards CPS 
 

2. Digitalization - challenge and opportunity 
 

Digitization has evolved over many decades from a simple notion that 
defines the conversion of analog sizes to numeric, to a true basic concept. 

The digitization of a value / signal is synonymous with the 
transformation of an analog signal (smooth, continuous) into a numerical signal 
through a double operation: time sampling and amplitude quantization. 
 

 

 

Figure 3. Output input discretization scheme 

sampling device 
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Following an investigation by Romanian entrepreneurs, we can 
define the digitization as follows: aggregation of blockchain, IoT, robotics, 
AI, AR, VR, 3D design, drones. 

The favorable and convergent elements of the foundation of the 
concept of digitization are: 

 intensive computerization of real economies, together with a 
globalization of IT&C technologies; 

 the need to management of some massive data; 
  real-time applications, in particular,  the energy field were 

"poster" (alongside military and space field) 
At European level, there is a plan that supports the "New agenda for 

competences in Europe" and is in line with "Europe 2020 strategy": 
 Every man must invest in his digital skills. 
 Pre-university education should use IT&C technologies for 

educational purposes, up to date with technological developments in the 
field: all pre-university school units have broadband connections, and 
teachers have digital skills. 

 Greater attention is needed to the protection of false data and 
information. A permanent change of “media literacy”, security, security and 
confidentiality is required. 

  Stimulating innovation and digital skills in all educational 
institutions. 

Higher education in energy and electrotechnics, but also in automation, 
electronics and computer science have been promoters of advanced 
technologies, so also of the digitization. These must be a guarantee of 
digitization programs in the real economy. 

It must be reminded that in January 2018 - the EU elaborates and 
disseminates the "Action Plan for digital education", considering that 
education and training are the best investments in the future of Europe. 

 
3. Cyber security 
 
Information technology, which is benefic from many points of view, 

also brings with it a series of vulnerabilities. Counteracting them requires a 
series of security measures to achieve safety in operation in the EPS and in 
energy field in general. 

It must be underlined that without the security of information it is not 
possible to digitize, and without digitization it is not possible to think to a 
positive evolution with the real economy. 
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The Cyber Security issue involves several aspects that will be 
presented, without having to present the multiple facets of the problem: 

1. The implementation of digital technologies must be done after an 
analysis and awareness of the relationship between technical dependence 
and social consequences, knowing that digital technology is a vector of 
development but can also be a "weapon of attack" on the economic entity 
where it is applied. 

2. A culture of the risk of using new technologies must be developed, 
in particular, the existence of various scenarios of "cyber attacks" (a true 
organizational culture in this regard). 

3. Establishing strategies for implementing digital technologies, 
implicitly for strategies for securing the elements from a socio-economic 
objective. 

4. Identification of vulnerabilities starting from the level of information 
collection devices, communication channels and management nodes, including 
those represented by the human elemental. 

 
4. Conclusions 
 
 Romania has a major advantage in this age of digitalization: 

sufficient and talented human resources, professional body in the higher 
education but also in the competent pre-university and loyal to the didactic-
pedagogical activities but also research activities. 

  We have entrepreneurs who are "spear-head" in using digital 
technologies. 

  The problem of digitization has a correct perception in the real 
economy. 

  In addition to appropriate government policies, it is necessary to 
build a flexible higher education and an operational triumvirate university-
economic actors-government must be achieved. 
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