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Session 1: Power Industry Technology 
 

AT THE DAWN OF THE QUANTUM ERA 
Petre GELKHVIIDZE 

Akaki Tsereteli State University 
59, Tamar mephe str., Kutaisi, Georgia 

pPetre.gelkhviidze@atsu.edu.ge 
 

Abstract 
The paper discusses the idea that in educational programs (bachelor's programs in the field of electrical 

engineering: future energy, information technologies, informatics, communications, telecommunications, digital 

technology), along with the classical discussion of issues, special attention should be paid to the facts caused by 

the dualism (particle and wave) properties introduced by quantum theory for elementary particles (electrons, 

protons, neutrons, etc.), which in the future (in the quantum era) will have an important role in improving 

artificial intelligence and other technological processes that are currently relevant. 
 

Keywords: quantum, wave, elementary particles, electron, proton. 

 
Introduction 

      Throughout the course of human development, in all eras, the primary goal in the search for 

conditions for life and survival has been, and still remains, the quest for new, more efficient ways of 

providing humanity with energy [1,2]. The operational domain of this quest (the vital interval for life, 

the structure of matter from about 10-14 -105   meters) is mainly determined by electromagnetic 

interactions. However, the relevance of exploring all possible conditions for using the other three types 

of interactions (weak, strong, and gravitational) has not been ignored [3,4]. 

      Today, the problem remains pressing despite the diversity of opportunities, the variety of 

applications, and the progress of modern science and technology. Figure 1 presents the stages of 

scientific and technological revolutions in the development of society, among which the changes 

beginning in the 1950 s are particularly important. At that time, the electronic tubes used in radio 

electronics were replaced by semiconductor devices, which significantly reduced the dimensions of 

corresponding devices and their energy consumption. The invention of semiconductor devices marked 

the beginning of the microminiaturization of electronic systems, which eventually led society to 

modern types of pocket computers and mobile phones. The stage of using transistors was followed by 

the creation of integrated circuits, when semiconductor devices and all the necessary components for 

their operation (resistor, capacitor, and inductive coil) were placed on a single semiconductor chip. 

Since all of its elements were combined together and represented a functionally complete (finished) 

electronic element (for example, an amplifier, memory cell, stabilizer, etc.), it was called an integrated 

circuit. The subsequent advancement of computing technology required the development of large- and 

very-large-scale integrated circuits, which can be considered an achievement of the last century (the 

1980 s), where hundreds of millions of elements are concentrated in one system. 
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Fig. 1. Stages of scientific and technological revolutions in the development of society: 
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Figure 1 shows the stages of societal development, from ancient times to the present; (0 

corresponds to the modern stage, to the left of zero on the diagram is the past, while to the right is the 

future). Section 1 of the graph corresponds to the period when humanity created working tools; the 2 

nd section reflects the stage of agricultural development; the 3 rd section represents the period of 

industrial development, which continues into our era. At the same time, the 3 rd section, from the 

perspective of modernity, is considered the foundation of the infocommunication era. As for the XXI 

st and XXII nd centuries and beyond, the 4 th section of the graph is regarded by science as the 

biotechnological era, while the 5 th section is considered the quantum era [5]. 

   Purpose of the work: 

The existence of modern multiservice networks and systems, along with the inexhaustible goals of 

humanity, has required science and, in general, the educational system to solve new tasks. In 

particular, when considering classical electromagnetic phenomena, in addition to Maxwell’s classical 

electromagnetic laws, it has become necessary to develop plasma electrodynamics, the theory of 

relativity, the generalized field theory, and quantum theory. The purpose of this work is precisely to 

introduce elements of quantum theory through the discussion of specific issues, which constitute the 

essential foundations for solving the challenges of the modern and future digital era. 

     What led to the introduction of quantum phenomena: 

Experimental results accumulated at the beginning of the XX th century (thermal phenomena, the 

photoelectric effect, the structure of the atom, the nature of light, and others) raised for physicists the 

necessity of creating a new theory. The first bold step in this direction was taken by the German 

scientist Max Planck, according to whom the emission or absorption of energy by any substance 

occurs not continuously, but in discrete portions, such that the amount of emitted (or absorbed) energy 

is proportional to the frequency of emission (or absorption). The formula is: 

                  E=hν=hω                                              (1) 

Where E is the radiated (or absorbed) energy, ν is the frequency of the radiation (1/s), and ω = 2πν 

is the corresponding angular frequency. In formula (1), special significance is attached to the constant 

connecting energy and frequency, the value of which is determined experimentally and is called 

Planck’s constant, numerically h = 6.62·10⁻³⁴ J·s (sometimes, for the purpose of simplifying some 

formulas, the quantity ℏ = h/2π = 1.054·10⁻³⁴ J·s is used). 

Despite its extremely small numerical value, Planck’s constant has very great importance. This 

constant, whose dimension is J·s (joule·second), i.e., energy × time, is also called “action.” This 

constant gave scientists the ability to study some processes occurring in the atomic world, to control 

these processes, and to apply the resulting effects in practice. Naturally, the new approach to these 

problems required a novel understanding of previously established so-called physical quantities, and, 

in turn, a new (epoch-making) theoretical and experimental understanding of concepts such as field, 

vacuum, matter, and others.The experimentally substantiated dual nature of light (electromagnetic 

wave), both wave and quantum, reminded scientists of the particle structure predicted four centuries 

ago by Newton. These and other facts demanded a new understanding of mass, momentum, energy, 

and other physical quantities, and, in general, led to the formulation of the basic equation of quantum 

mechanics. Before discussing it, we introduce the basic equations of the photon (quantum) theory of 

light (corresponding to energy, mass, and momentum). 

E=hν=hω; 

                                            m= hω/c2 ;                                  (2) 

p= hk 

Where in the mass formula, C = 3·10^8 m/s (one of the fundamental constants of nature, the speed of 

light in vacuum); and in the momentum p formula, k is the so-called wave number, which is related to 

the wavelength λ by the formula: 

κ=2π/ λ.                                      (3) 

If we recall the well-known classical mechanics relation between momentum, mass, and velocity, and 
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take into account the already introduced formulas (1), (2), and (3), then (by a simple transformation) 

for a particle of mass m moving with velocity v, we obtain the formula for calculating the wavelength: 

λ=h/mv 

This represents the dual nature of a microparticle: particle-like (through its mass) and wave-like 

(through the corresponding wavelength). 

Similarly, one could examine the corresponding cases for general physical particles (electrons, 

protons, neutrons, and other elementary particles). However, here we limit ourselves to the 

fundamental equation of generalized quantum (wave) mechanics, developed by Schrödinger, 

Heisenberg, Dirac, and their contemporaries. The fundamental equation of quantum mechanics was 

formulated by Schrödinger and is known as the Schrödinger equation. In its final form (without 

derivation), it is expressed as: 

-(h2 /2m)ΔΨ+UΨ=i h                          (4) 

In this formula: 

• i is the imaginary unit 

• h=h/2π   is Planck’s constant 

• Δ is the Laplace operator (second derivative of the wave function with respect to coordinates) 

• m is the particle’s mass 

• U is the particle’s potential energy 

• Ψ is the wave function depending on position and time, describing the wave properties of the 

particle 

 

Conclusion 

The idea proposed in this work is interesting because: 

1. Due to the relevance and global nature of the topic, the educational significance is emphasized 

2. It provides a novel understanding of energy and its dependence on radiation frequency 

3. It highlights the facts arising from quantum-theoretical duality (particle and wave properties), 

which will play an important role in the future (quantum era) for the advancement of today’s 

artificial intelligence and other technological processes 
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Abstract 

 The article discusses power transistors manufactured based on silicon carbide (SiC) and gallium nitride (GaN). 

Their comparative characteristics are presented with modern transistors such as Si - silicon-based MOSFET and 

IGBT. The article also provides an in-depth analysis in current transducers with a critical assessment of their 

advantages and limitations. The physical processes occurring in the aforementioned power components, as well 

as their energy efficiency and reliability are well analyzed. Recommendations for their practical application are 

provided. 

 
Keywords: transistor; frequency; voltage; current, effectiveness.  

 
Introduction 

Current transducers are the backbone of modern energy systems, ensuring efficient conversion of 

electrical energy. These technologies are critically important in the electric vehicle industry, renewable 

energy (solar panels, wind turbines), data centers, and industrial automation. In 2025, the global 

energy market is experiencing an average annual growth of 8.7%, primarily driven by artificial 

intelligence technologies, the electric vehicle revolution, and increased demands from renewable 

energy systems. This growth is significantly facilitated by the technological development of modern 

power components. Modern power transistors, such as MOSFETs, IGBTs, and components 

manufactured based on silicon carbide (SiC) and gallium nitride (GaN), provide excellent efficiency 

reaching 95%. These components significantly reduce energy losses and make devices compact. 

However, to realize the full potential of these technologies, it is essential to conduct an in-depth 

analysis of their operating mechanisms and develop optimization strategies.  

The main challenges include: 

• Stable operation in high-power modes. 

• Safe management of high voltage levels. 

• Achieving an optimal balance between cost and performance. 

 Modern power components, such as diodes, transistors, and microchips manufactured based 

on silicon carbide (SiC) and gallium nitride (GaN), represent a revolution in electrical power 

engineering in 2025. Their relevance is derived from global challenges. The technological 

development of modern power components contributes to the efficiency and reliability of current 

transducers. Modern power transistors significantly reduce energy losses and make devices compact. 

However, to realize the full potential of these technologies, it is essential to conduct an in-depth 

analysis of their operating mechanisms and develop optimization strategies. Such analysis requires a 

comparative characterization of power converters. 

Table 1:    Comparative characteristics of transducers  

Type Input/output Effectiveness (%) Application 

DC-DC DC/DC 90-98 Batteries, EV chargers 

AC-DC AC/DC 85-95 Power sources, solar PV panels  

DC-AC DC/AC 95-99 Inverters, rectifiers  

AC-AC AC/AC 80-90 Frequency converters 
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The operation of transducers relies on power transistors (MOSFET, IGBT, SiC, GaN), which function 

as controllable electronic devices. Let us examine each of them in general: 

Si MOSFETs have a voltage range of: 30-600 V, sometimes up to 1 kV; input impedance: 10-100 mΩ, 

increases at high voltages; switching speed is: 10-100 ns, characterized by low switching losses; 

thermal tolerance is high: 150-175°C, is fast-acting; characterized by fast switching, especially at low 

voltages, conduction losses dominate at high voltages, while switching losses are minimal at low 

frequencies. 

 SiC MOSFETs (Silicon Carbide MOSFETs) have the following electrical and thermal 

characteristics are as follows: material: SiC; voltage range: 900 V-3.3 kV; input impedance: 10-50 

mΩ; switching speed: minimal; thermal tolerance: 200°C+; fast switching due to low capacitance; 

characterized by minimal switching and conduction losses. Application areas: electric vehicles, solar 

inverters, 5G. Advantages: high thermal stability, low losses; disadvantages: high cost, possible 

reliability issues at high voltages.  

 GaN MOSFETs (Gallium Nitride MOSFETs) - semiconductor properties became known 

in the 1960s, GaN technology is developing rapidly. Electrical and thermal characteristics: material: 

GaN; voltage range: 100-650 V; input impedance - 5-30 mΩ; switching speed: ultra-fast (ns); thermal 

tolerance: 150-200°C; losses: almost zero switching losses. Application areas: USB-C chargers, 5G, 

electric vehicles; advantages: ultra-fast switching, compact size; disadvantages: limited voltage range, 

high cost.  

 IGBTs - Insulated Gate Bipolar Transistor represents a hybrid of bipolar gate-controlled 

transistors. Gate: similar to MOSFET, controls current; collector/emitter: similar to BJT, used for 

high current transmission. Electrical and thermal characteristics: material: Silicon (Si); voltage range: 

600 V-6.5 kV; switching speed: microseconds (0.5-5 µs), thermal tolerance: 150-175°C; slow 

switching; conduction losses are low, but switching losses are high at high frequencies.  

 Application areas: electric vehicles, railways, renewable energy inverters. Advantages: high 

voltage/current handling capability, low conduction losses. Disadvantages: slow switching, high 

switching losses. 

 SiC (Silicon Carbide) is a wide bandgap semiconductor composed of silicon and carbon. Its 

electrical breakdown strength (10 times higher than Si), thermal conductivity, and wide bandgap 

(~3.26 eV) make it ideal for high-power and high-temperature devices. 

Advantages: high voltage tolerance; high thermal stability; Disadvantages: high cost; 

manufacturing complexity; Application areas: electric machines; renewable energy systems; 

industrial electronics. 

GaN (Gallium Nitride) operating characteristics: Advantages: ultra-fast switching; high 

efficiency; Disadvantages: limited voltage range; high cost. Application areas: - 5G communication 

systems; USB-C chargers; electric vehicle electronics. 

Below is a graph for evaluating the efficiency of MOSFET and IGBT transistors in current 

converters. 

 

• The given graph illistrates the efficiency of transistors (%) in kHz. 

• The main trend is as follows: IGBTs are efficient at low frequencies (≈1–10 kHz) and high 
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voltages, while MOSFETs are better at high frequencies (>20–50 kHz). 

When the transistor is in the on-state, power losses are based on the power equation (P = V × I), 

where energy is converted into heat due to the internal voltage drop of the IGBT. The IGBT combines 

the best properties of MOSFETs and bipolar transistors: high current carrying capacity, the ability to 

operate at high voltages and powers, but the collector-emitter saturation voltage causes energy loss 

when the transistor is in the on-state. These losses are particularly significant in high-power devices 

such as electric vehicles, solar inverters, and industrial motor control systems.  The operation of the 

transistor is equally affected by energy losses that occur during its switching. That is, when the 

transistor switches from the on-state to the off-state and vice versa. The so-called switching losses 

differ from the losses that occur during the operation of a constantly turned on transistor.  

Off-state losses are based on the power equation (P = V × I), where energy is converted into 

heat due to leakage current. In the off-state, a semiconductor (MOSFET or IGBT) should block 

current, but a small leakage current (Ileak) still flows due to material imperfections, thermal effects, or 

high voltage. These losses are typically small compared to conduction (Pcond) and switching (Psw) 

losses, but are significant in high-voltage and high-temperature devices where leakage current can 

increase. Traditional Si devices have relatively high leakage current (e.g., 10-100 µA at 600 V), 

especially at high temperatures, which increases Poff losses. The linear characteristics and high 

thermal stability of SiC MOSFETs reduce leakage current (1-10 µA), reducing off-state losses by up to 

90% in high-voltage (1.2-15 kV) devices. GaN HEMTs have ultra-low leakage current (<1 µA at 650 

V) due to high electron mobility (1000–2000 cm²/V-s), which virtually eliminates off-state losses in 

low-to-medium voltage (100-650 V) systems. Leakage current increases exponentially with 

temperature in Si, but SiC and GaN are more stable, maintaining low losses at high temperatures (up 

to 600°C for SiC), which increases their importance in 2025 for the development of energy-efficient 

technologies, particularly in electric vehicles and renewable energy. 

 

Conclusions 

Based on the conducted research and analysis, it can be concluded that power components 

manufactured based on silicon carbide (SiC) and gallium nitride (GaN) have enabled a major leap in 

the field of electrical power engineering. In 2025, they significantly surpass their predecessors - 

components manufactured on a Si basis. This advancement is particularly noticeable in terms of 

energy losses, or energy efficiency. The relevance of these components is driven by global challenges. 

Comparison of energy losses 
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As a result, convenient relationships have been obtained between energy efficiency and 

operating frequency for evaluating the energy efficiency and losses of modern power transistors 

(MOSFET, IGBT, SiC, GaN) used in current converters. This relationship is presented in graphical 

form. 
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Abstract.  

Nowadays, classification of synchronous generators in the power system is not strictly defined. 

Moreover, each country and international organization has its own criteria for generator classification. The 

authors of this article recommend classifying electric generators into micro, milli, medium, large, and ultra-high-

power categories based on the scale of the negative impact (frequency deviation from the nominal value) that 

occurs when a generator with a given nominal power  is suddenly shut down. 

In this article, the classification thresholds for generators are defined based on the physical quantities 

and corresponding coefficients that influence the magnitude of frequency deviation.  

 

Key words: Active power; classification; electric generator; frequency; power system. 

 

Introduction 

Nowadays there is no strictly defined classification of synchronous generators within the 

electric power system. Each country and organization has its own criteria for classifying synchronous 

generators. The authors of this article recommend classifying electric synchronous generators into 

micro, mili, medium, large and ultra-powerful categories, based on the scale of the negative impact on 

the power system caused by the emergency shutdown (outage) of a generator with a given nominal 

 power (i.e., the deviation of frequency from the nominal value).   

International organizations have conducted statistical analyses of synchronous generator 

emergency shutdowns based on the examples of power systems from various countries. It was found 

that the average annual probability of emergency shutdowns of generators ranges between 1% and 5%. 

Practically, this means that if 100 synchronous generators are operating in parallel in the power 

system, then statistically, between 1 and 5 generators will shut down due to an emergency over the 

course of a year [1]. 

A frequency deviation within  Hz from nominal value has no effect on consumer 

operation. Therefore, according to the “Grid Code,” a frequency deviation of  Hz is 

considered acceptable. In exceptional cases (e.g., post-fault conditions or other special operating 

modes), short-term deviations within  Hz are also permitted [2,3]. 

 

Main  Definitions 

In power system frequency deviation from its nominal value, caused by imbalance of active 

power, is defined as [2, 3, 4]: 

 
Where:  – slope coefficient of the equivalent frequency characteristic of turbine governors 

of generators operating in parallel; 

 – slope coefficent of the frequency characteristic of active power load of power system; 

 – coefficient of rotating reserve of active power. 

The structural composition of the power system includes electric generators of various 

nominal capacities. In the steady-state of the power system active power of generator operating under 

standard conditions is approximately equal to its nominal capacity . Consequently, 

the emergency shutdown of a generator will result in a deficit of active power approximately equal to 

mailto:guram.makharadze@gse.com.ge
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the generator’s nominal power, which will cause a frequency decrease by the amount [3, 4, 5]: 

 
From here: 

 
Or percentages relative to : 

 
Main Results 

According to equation (3): 

➢ A micro generator is considered to be a generator, when its emergency shutdown results 

in a frequency decrease of  

 
Let us note that when the frequency decreases by , the turbine governors of the 

generators do not respond, and we have: 

 
➢ A mile generator is considered to be a generator, when its emergency shut-down results 

in a frequency decrease of   

 
Let us note that when the frequency decreases within the range , only 

the reference machine responds, and accordingly, the coefficient of the rotating reserve will be: 

 
and we get: 

 
➢ An average generator is considered to be a generator, when its emergency shutdown 

results in a frequency decrease of   

 
➢ A large generator is considered to be a generator, when its emergency shut-down results 

in a frequency decrease of   

 
➢ An ultra-large generator is considered to be a generator, when its emergency shutdown 

results in a frequency decrease of   

 
For a given active power deficit, according to the equation (1), the frequency deviation is 

greater when the total active load of the system is lower. Therefore, in the given power system, the 

classification of generators according to their nominal capacities should be conducted based on the 

system's minimum load operating mode. 

In the minimum load mode, slope coefficient of the equivalent frequency characteristic of 

turbine governors and total active power load are relatively low: 8 1,7 . While 

the coefficient of rotating reserve is relatively high:  Therefore, when no strictly 

defined initial data is available about the power system, for the purpose of classifying generators by 

their nominal power, we can use the above figures for calculation: 

 
Practical Example 

Example: Consider power system, where minimal active power load is 1200 MW. In this mode: 
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slope coefficient of the equivalent frequency characteristic of turbine governors and total active power 

load are  The coefficient of rotating reserve is . Parametres of reference 

machine are:  . 

Solution 

Coefficient of rotating reserve of reference machine: 

 
Let us calculate the nominal capacities of the micro, mile, medium, large, and ultra-large 

capacity generators in this power system: 

➢  or  MW; 

➢  or  

MW; 

➢  or  MW; 

➢    

 MW; 

➢  MW. 

 

With the increase in the total load of the power system, the classification boundaries of the 

nominal capacities of the generators also increase. For example, if the minimum load of the considered 

power system becomes 2000 MW, then the classification boundaries of the generators’ nominal 

capacities will increase by almost 67% (2000/1200 = 1.67). 

Conclusions 

The classification of electric generators in the power system can be carried out, based on the 

criterion of frequency deviation from the  nominal value caused by the emergency shutdown of a 

generator with a given nominal capacity in the minimum load mode of the system specifically: 

❖ Micro generator:   Hz; 

❖ Mile generator:   Hz; 

❖ Average generator:   Hz; 

❖ Large generator:  Hz; 

❖ Ultra-large generator:  Hz. 
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Abstract 

High-voltage equipment in Georgia's transmission and distribution network requires periodic 

diagnostics during operation. Full diagnostics are performed on high-voltage equipment at the manufacturing 

plant before it is delivered to the buyer. However, despite this, there is still a risk that there may be some 

malfunction after the installation of high-voltage equipment in the substation and before it is energized. For this, 

all high-voltage electrical equipment must undergo electrical diagnostics before it is put into operation, after 

installation in the substation and before it is energized.  

 

Keywords: Diagnostics, Transformer Oil, Power Transformer, Autotransformer, Current and Voltage 

Transformer. 

 

Introduction 

High-voltage electrical equipment is subjected to both electrical measurements and 

transformer oil diagnostics. 

These electrical measurements are performed on devices to ensure their safe and high-quality 

operation. 

Electrical measurements of “tgδ” are performed on 110 kV, 220 kV, 330 kV, 400 kV and 500 

kV electrical installations of the Georgian electric power grid and their high-voltage inputs, into which 

transformer oil is poured, to determine the quality of insulation. A megger is also used for diagnostics 

of high-voltage electrical installations, which checks the insulation using a voltage of 2500 volts, 

taking into account the temperature of the electrical installation and the environment. It is worth noting 

that the insulation of the secondary windings of current and voltage transformers must be checked 

with a megger at 1000 volts. 

Transformer oil is subjected to both chemical and chromatographic analysis. 

Chemical analysis of oil indicates the condition of the transformer oil itself, while 

chromatographic analysis of oil directly indicates the operational suitability of high-voltage electrical 

equipment. 

Autotransformers and transformers are subjected to winding ohmic resistance measurement, 

and the data obtained through diagnostics should be compared with factory data, taking into account 

the winding temperature. 

For autotransformers with a capacity of 125,000 kVA and above, electrical measurements of 

short-circuit resistance are performed, and for transformers with a capacity of 1,000 kVA and above, 

measurements of no-load current and losses are performed. 

In addition to all of the above, high-voltage electrical equipment is subjected to many other 

electrical tests, this time we will focus on autotransformer diagnostics. 

 

Methods and Methodology  

The values obtained from the electrical measurements of the autotransformer were compared 

with the factory data, taking into account the temperature, using the induced temperature method. 

mailto:museliani@yahoo.com
mailto:i.vakhtangadze@gtu.ge
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Factory data: 

Autotransformer 

Type: ATДЦTH-125000/220/110; 

Factory № 00000;  

Year of release: 1974;  

Connection group: У- aвтo/Д-0-11;   

Full weight, tons - 186;  

Oil weight, tons - 63,5;  

Weight of the active part, tons - 82;  

Transport weight, tons - 157;  

Weight of the removable part of the tank, tons - 11;  

No-load losses, kW - 97,5;  

No-load current, ampere - 0,36;   

Short circuit voltage, HV-MV/HV-LV/MV-LV, % - 10,2/31,1/19,3;  

Short-circuit losses, HV-MV/HV-LV/MV-LV, kW - 305/252/237.   

The method of comparison with previous measurement results is used. 

The measurement methodology is similar to that conducted by the manufacturer and is 

consistent with passport data.   

 

Result 

1. Insulation characteristics of autotransformer windings  

Measurement conditions     

Winding temperature 40 0C (Top layer of oil)    

 

Diagnostic area 

Insulation characteristics   

R15  

(M.ohm) 

R60  

(M.ohm) 
Kabs tgδ (%) C(pf) 

HV-LV+Gr  817 1010 1.236 0.45 15988 

LV-HV+Gr 659 797 1.21 0.44 14676 

HV-LV  669 870 1.3 0.439 19270 

HV-LV-Gr+Э 1620 1850 1.14   

HV-Gr-LV+Э 1680 2280 1.357   

LV-Gr-HV+Э 1140 1430 1.254   

 

Diagnostic area  

Last measurement 

16.07.04 

Raised to 45 0C 

02.12.09 

R60  

(M.ohm) 
tgδ (%) 

R60  

(M.ohm) 
tgδ (%) 

HV-LV+Gr 650 0.5 828 0.5175 

LV-HV+Gr 475 0.3 653 0.506 

 

2. Insulation characteristics of 220 kV voltage inputs 

Phase 
LV Tap - Ground 

tgδ (%) C(pf) 

A 0.8 1455 

B 0.56 1539 

Note: Measured on December 2, winding temperature is 40 degrees (top layer of oil), phase 

"C" could not be measured because the LV Tap was found to be damaged 
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Phase 

Conductor – LV Tap LV Tap - Ground 

R60 

 (M.ohm) 

tgδ 

(%) 
C(pf) 

R60  

(M.ohm) 

A 28200 0.827 559.8 27900 

B 14000 0.438 553.7 13000 

C 2500   215 (Measured at 1000 

volts) 

Note: Measured on December 4, winding temperature 12 degrees (top layer of oil), could not 

be measured for the same reason, main insulation of phase "C". 

 

3. Insulation characteristics of 110 kV voltage inputs 

Note: Measured on December 4, winding temperature 12 degrees (top layer of oil). 

Phase 

Conductor – LV Tap LV Tap - Ground 

R60  

(M.ohm) 

tgδ 

(%) 
C(pf) 

R60 

(M.ohm) 
tgδ (%) C(pf) 

A 7280 0.486 378.5 8900 0.42 895 

B 4650 0.534 400.7 4100 0.5 966.7 

C 5700 0.478 391.7 4800 0.39 954 

 

 

4. Measuring no-load losses  

  

Diagnostic area Combined phases 
Measurement results 

U, v I, a P, w PXX, kw 

a-b b-c  393 0.60 180 

≈226 c-a a-b  393 0.96 274.5 

b-c c-a  393 0.592 180 

 

Pab and Pbc differ from each other by 0%, the norm is up to 5% 

Pca differs from the others by 52.5%, the norm is up to 25÷50%  

 

Below are the results of the measurement on 16.07.2004. 

Diagnostic area Combined phases 
Measurement results 

U, v I, a P, w PXX, kw 

a-b b-c  351 0.60 141.0 

≈226 c-a a-b  351 0.94 222.0 

b-c c-a  351 0.61 142.5 

 

Pab and Pbc differ from each other by 1,06%, the norm is up to 5% 

Pca differs from the others by 57.45%, the norm is up to 25÷50%  

 

From these results, it is clear that the no-load characteristic of the autotransformer has not 

changed over the years. 
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5. Short-circuit resistance of an autotransformer winding 

Diagnostic scheme MV-LV 

 

Diagnostic 

area 

Phas

e 

f 

(Hert

z) 

U, v I, a 

Measured 

Zsh-c 

(ohm) 

Raised to 

Zsh-c 

(ohm), 50 

Hertz 

Basic  Zsh-c 

(Ush-c%), 

(ohm) 

Differenc

e from 

basic % 

Phase 

difference 

% 

MV1-LV A 50.0 228 11.95 19.08 19.08   

0.88 MV1-LV B 50.0 226 11.95 18.91 18.91   

MV1-LV C 50.0 226 11.95 18.91 18.91   

 

MV8-LV A 50.0 228 9.975 22.86 22.86 

22.66 

0.87 

1.42 MV8-LV B 50.0 225 9.975 22.56 22.56 -0.46 

MV8-LV C 50.0 226 9.975 22.66 22.66 -0.01 

 

MV15-LV A 50.0 228 7.45 30.60 30.60   

0.99 MV15-LV B 50.0 225 7.425 30.30 30.30   

MV15-LV C 50.0 226 7.45 30.34 30.34   

 

Diagnostic scheme HV-LV 

 

Diagnostic 

area 

Phas

e 

f 

(Hert

z) 

U, v I, a 

Measured 

Zsh-c 

(ohm) 

Raised to 

Zsh-c 

(ohm), 50 

Hertz 

Basic  Zsh-c 

(Ush-c%), 

(ohm) 

Difference 

from basic 

% 

Phase 

difference 

% 

HV-LV A 50.0 228 1.725 132.17 132.17 

131.94 

0.18 

0.3 HV-LV B 50.0 225 1.705 131.97 131.97 0.02 

HV-LV C 50.0 226 1.715 131.78 131.78 -0.12 

 

Diagnostic scheme HV-MV 

Diagnostic 

area 

Phas

e 

f 

(Hert

z) 

U, v I, a 

Measure

d Zsh-c 

(ohm) 

Raised to 

Zsh-c 

(ohm), 50 

Hertz 

Basic  Zsh-c 

(Ush-c%), 

(ohm) 

Difference 

from basic 

% 

Phase 

difference 

% 

HV-MV A 50.0 228.2 5.3 43.06 43.06 

43.274 

-0.51 

0.49 HV-MV B 50.0 225 5.2 43.27 43.27 -0.01 

HV-MV C 50.0 226.4 5.24 43.21 43.21 -0.16 

 

6. Determination of the resistance (Ohm) of windings to direct current  

 

220 kV winding 

A-O B-O C-O 

0.57 0.564 0.564 
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Tap changer 

status 

110 kV winding Difference in 

percentages % Am-O Bm-O Cm-O 

1 0.2771 0.290 0.2784 4.65 

2 0.2715 0.2876 0.2718 5.93 

3 0.2647 0.2813 0.2660 6.27 

4 0.2609 0.2769 0.2608 6.17 

5 0.2578 0.2711 0.2563 5.77 

6 0.2552 0.2666 0.2543 4.83 

7 0.2490 0.2615 0.2505 5.02 

 

10 kV winding 

A-B B-C A-C 

0.0039 0.0039 0.0039 

 

 

 Conclusion 

The autotransformer's no-load characteristic has not changed since the measurement on 

16.07.2004. The insulation characteristics of the autotransformer and the input, the short-circuit 

resistance of the autotransformer meet the requirements of the operating standard. As for the 220 kV 

"C" phase input, it requires repair or replacement. The ohmic resistance values of the 110 kV "B" 

phase winding differ significantly in percentage from the other phases. The autotransformer requires 

major repairs, According to document №118, December 16, 2009.  
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Abstract 

Maintaining the stability of power systems during electromechanical transients has become increasingly 

challenging in modern grids due to high penetration of renewable energy, complex system dynamics, and 

variable operating conditions. Traditional stability analysis methods rely on offline simulations and deterministic 

protection schemes, which often lack adaptability and speed. Artificial intelligence (AI) introduces a 

transformative paradigm by enabling real-time transient stability prediction, adaptive control, and enhanced 

decision-making based on wide-area data. This article provides a comprehensive review of the application of AI 

techniques for managing electromechanical transients. It outlines the challenges of conventional approaches, 

explores AI methods including machine learning, deep learning, and reinforcement learning, and discusses case 

studies demonstrating their effectiveness. Furthermore, it compares AI-based approaches to traditional stability 

methods and proposes a framework for integrating AI into real-world stability management systems. 

 

Keywords: Artificial intelligence, power system stability, transient stability, electromechanical dynamics, 

machine learning, deep learning, wide-area monitoring, reinforcement learning. 

 

Introduction 

Electromechanical transients are short-term dynamic phenomena that occur in power systems 

after disturbances such as faults, sudden load changes, or generator trips. These disturbances lead to 

oscillations of rotor angles, frequency deviations, and voltage fluctuations, threatening the 

synchronism of generators and the stability of the grid [1]. Maintaining transient stability is a critical 

task for system operators since the inability to do so can cause cascading outages and large-scale 

blackouts. 

Traditional methods of transient stability assessment (TSA) depend on time-domain simulations 

and predefined thresholds for protective actions. While reliable in relatively static systems, they are 

computationally intensive and lack flexibility when applied to modern grids with high renewable 

penetration, distributed generation, and variable demand patterns [2]. 

Artificial intelligence has emerged as a promising tool to address these challenges. Leveraging 

advances in machine learning, deep learning, and big data analytics, AI-based methods can provide 

real-time transient stability assessment and enable adaptive control strategies. The integration of AI 

into power system operations has the potential to transform stability management, improving 

resilience, reliability, and efficiency. 

The objective of this article is to explore the use of AI for maintaining transient stability in 

power systems. Specifically, it will: 

1. Review the nature and challenges of electromechanical transients. 

2. Present AI-based methods for transient stability assessment and control. 

3. Compare AI approaches with traditional methods. 

4. Provide case studies from research and pilot projects. 

5. Outline future directions for AI in stability management. 

 

Background on Electromechanical Transients 

Nature of Electromechanical Transients 

Electromechanical transients occur immediately after disturbances and typically last from milliseconds 

to several seconds. They involve the following phenomena: 

• Rotor angle instability: Loss of synchronism among generators. 

mailto:sergo.tevdoradze@atsu.edu.ge
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• Frequency deviations: Caused by imbalance between generation and load. 

• Voltage instability: Resulting from reactive power shortages during disturbances. 

Traditional Methods for Stability Assessment 

Conventional TSA is performed using: 

• Time-domain simulation: Detailed but computationally expensive. 

• Direct methods: Such as energy function methods, which are less accurate under nonlinear 

conditions. 

• Equal-area criterion: Useful for simple systems but inadequate for large interconnected 

networks. 

Limitations of these approaches include: 

• High computation time. 

• Dependence on predefined models and assumptions. 

• Inability to adapt dynamically to changing grid conditions. 

Artificial Intelligence Techniques for Transient Stability 

Machine Learning Approaches 

Machine learning algorithms can be trained on historical system data to classify post-disturbance 

stability outcomes or predict stability margins. Common ML techniques include: 

• Support Vector Machines (SVMs): Effective for classification tasks. 

• Decision Trees and Random Forests: Useful for feature selection and classification. 

• k-Nearest Neighbors (kNN): Provides intuitive classification of events. 

Deep Learning Approaches 

Deep learning techniques are particularly powerful for handling large-scale time-series data: 

• Convolutional Neural Networks (CNNs): Applied for feature extraction from PMU signals. 

• Recurrent Neural Networks (RNNs) and Long Short-Term Memory (LSTM): Highly 

effective for modeling temporal dynamics of transients [3]. 

• Graph Neural Networks (GNNs): Emerging tools for learning the topological characteristics 

of power grids. 

Reinforcement Learning (RL) 

Reinforcement learning algorithms enable adaptive control of generators, storage, and FACTS 

devices. RL agents learn optimal strategies for corrective actions such as load shedding or 

resynchronization, based on real-time feedback from the system. 

Hybrid and Physics-Informed Models 

Combining AI with physical models enhances interpretability and accuracy. Hybrid models 

leverage domain knowledge to constrain learning processes, ensuring more reliable predictions. 

Applications and Case Studies 

Real-Time Stability Assessment 

Studies have demonstrated that AI can predict transient stability outcomes within milliseconds 

using PMU data streams. For example, Zhou et al. [4] developed an LSTM-based TSA model 

achieving 98% accuracy, significantly reducing assessment time compared to simulation-based 

methods. 

Wide-Area Monitoring and Control 

AI algorithms enhance wide-area control systems (WACS) by integrating data from multiple 

substations. They detect oscillations and recommend coordinated control actions across geographically 

dispersed assets [5]. 

Renewable Integration 

AI techniques are vital for stability in grids with high renewable penetration. For instance, 

reinforcement learning has been applied to optimize inverter settings in wind and solar plants, 

ensuring better fault ride-through capability and transient performance [6]. 

Cyber-Physical Security 
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AI tools not only assess stability but also detect anomalies from cyber-attacks on grid control 

systems, contributing to overall grid resilience. 

Comparative Analysis 

TABLE 1. CLASSIFICATION OF AI TECHNIQUES FOR TRANSIENT STABILITY 

Category Examples Application Area Advantages Limitations 

Machine 

Learning 

SVM, Random 

Forest, kNN 

Event classification, 

margin prediction 

Fast, interpretable Requires labeled 

data 

Deep Learning CNN, RNN, 

LSTM, GNN 

Time-series 

modeling, dynamic 

prediction 

Handles nonlinear 

dynamics 

Data-hungry, 

black-box nature 

Reinforcement 

Learning 

Q-learning, 

Deep RL 

Adaptive control, 

stability restoration 

Learns optimal 

control policies 

High training 

complexity 

Hybrid Models AI + physics-

informed 

methods 

Reliable TSA, 

explainable decision-

making 

Improves 

interpretability 

Still under 

research 

TABLE 2. COMPARISON BETWEEN TRADITIONAL AND AI-BASED TSA METHODS  

Criteria Traditional Methods AI-Based Methods 

Computation Time Minutes to hours Milliseconds to seconds 

Adaptability Low, predefined schemes High, adaptive to real-time conditions 

Data Requirement Models, parameters Historical + real-time data 

Accuracy High for simple systems High for large, nonlinear systems 

Implementation Established, widely used Emerging, requires validation 

 

Discussion 

The use of AI in transient stability management represents a shift from deterministic, model-based 

methods to adaptive, data-driven approaches. Benefits include faster assessment, better adaptability, 

and improved integration of renewables. However, challenges remain: 

• Data dependency: AI requires large, high-quality datasets. 

• Explainability: Black-box nature of deep learning hinders trust in critical applications. 

• Cybersecurity: AI systems are vulnerable to malicious data manipulation. 

• Regulatory barriers: Standards for AI integration into stability management are still 

evolving. 

Collaboration between researchers, utilities, and policymakers is essential for addressing these 

barriers. 

 

Result: Future Directions 

Future research should focus on: 

1. Physics-informed AI models to combine learning efficiency with interpretability. 

2. Digital twins of power systems for predictive stability analysis. 

3. Distributed AI for decentralized stability control in microgrids. 

4. AI-enhanced cybersecurity for protecting stability management systems. 

5. Standardization and benchmarking of AI algorithms in operational environments. 
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FIGURE 1: A SIMPLE BLOCK DIAGRAM SHOWING HOW AI IS USED TO ENSURE POWER SYSTEM 

STABILITY DURING ELECTROMECHANICAL TRANSIENTS: 

 
This diagram illustrates: 

1. Data collection from generators and sensors. 

2. Processing in the AI module (stability forecast and decision making). 

3. Transmission of commands to control devices (FACTS, PSS). 

4. Ensuring stable operation of the power system. 

 

Conclusions 

Artificial intelligence has demonstrated significant potential to improve transient stability management 

in modern power systems. By enabling real-time stability assessment, adaptive control, and wide-area 

monitoring, AI provides solutions to challenges posed by renewable integration and system 

complexity. While challenges such as explainability, data quality, and cybersecurity remain, ongoing 

research and pilot projects continue to validate the role of AI in this domain. The future of power 

system stability management will likely depend on a hybrid approach that integrates AI with 

traditional methods, ensuring both reliability and adaptability. 
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Abstract 

In heavy industry, such as metallurgy, for the correct operation of technological processes, it is 

important to increase the dynamic characteristics of the control system, which in turn depends on the 

accuracy and speed of the control system for the movement of the working mechanism. Existing control 

systems for the movement of the working mechanism cannot fully meet the existing technical requirements, 

which should provide flexible dynamic characteristics. 

In this regard, an important scientific and technical task is to create a relatively flexible control 

system that should meet the required dynamics of technological processes. An effective tool for analyzing 

electrodynamic processes in control systems is the use of applied software packages, which provide a simple 

means of modeling and observing the corresponding object. 

This paper discusses the optimization of the control of the movement of the electrodes of the arc 

furnace, which in turn reduces the negative impact of the arc furnace, as a nonlinear object, on the power 

supply network. Existing control systems for the movement of the working mechanism used in technological 

processes cannot fully meet such requirements as speed and accuracy, which in turn leads to the presence of 

such undesirable electromagnetic processes as significant fluctuations in currents and voltages in 

technological processes and the generation of higher harmonics in the power supply network. The use of 

software packages used in the analysis of electromagnetic processes in technological processes is a flexible 

tool that allows modeling and monitoring the controlled object. Modeling the analysis of transient processes 

occurring in the control system of the movement of the working body, which should provide high dynamics 

of control by selecting the appropriate parameters, allows us to obtain high accuracy and fast response of the 

movement of the controlled object by selecting the appropriate algorithm and structural scheme. Analysis of 

processes occurring in the control system by computer modeling is more attractive and successful, which is 

due to the possibility of selecting the appropriate parameters in a wide range. By selecting the control 

algorithm and the appropriate structural scheme, high dynamics of the control system can be achieved, which 

is a prerequisite for the correct management of technological processes. 

 

Keywords:  regulation, speed and accuracy, relay control, control and accuracy, optimization. Introduction 

The nonlinearity of the electrical parameters of the arc furnace, the sharply fluctuating 

nature of the load and the large power have a negative impact on the power supply network, which 

in turn leads to the low quality of the products produced. In the melting process in arc furnaces, 

significant current surges occur, during which the use of equalizing reactors to reduce current 

surges in the control of the movement of the electrodes further increases the negative impact of the 

arc furnace on the power supply network, which is reflected in the presence of such problems as 

voltage fluctuations and fluctuations, distortion of the shape of the voltage curve, and asymmetry of 

voltages on individual phases. 

In order to optimize the melting process in an arc furnace, it is necessary to characterize it 

as an object of nonlinear regulation, where various control principles are used, which, in one way 

or another, better implement the control of the current technological process. 

Recently, special attention has been paid to the existence of control systems where the 

controlled effects are discontinuous functions of the coordinates of the control system and external 

influences. It is precisely in such control systems that it is possible to partially achieve maximum 

effect and optimality, which in turn is possible using the phase space method of research. Using the 

phase space method, the task of synthesizing discontinuous controlled effects is to select surfaces 

in the phase space on which the control function experiences discontinuity. 

During the analysis and synthesis of control systems, special importance is attached to the use of 
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computer technologies, which are a flexible means of modeling and analyzing the object under 

study and the electromagnetic processes occurring in it, where high dynamics of the control system 

operation can be achieved based on varying the parameters of the control system. 

 

Main part 

Arc furnaces, as an object of automatic control, possess a number of specific properties, 

for the regulation of which working processes the general provisions of the theory of automatic 

control can be used, which allow solving such problems as the statics and dynamics, stability 

and quality of the object and the control system, the correction of the automatic control system 

and are important for the creation of both linear continuous and impulsive and nonlinear control 

systems. Fig. 1 shows the structural scheme of optimal regulation of the controlled object. 

 

 
 

Fig. 1 Structural scheme of optimal regulation 

 

Where 1 is the control block, 2-electric motor, 3-feedback block, ε-task signal, X-feedback 

signal, Y- Regulatory signal. 

The control block uses a signal switching relay element, the characteristic of which is shown in 

Fig. 2. 

 

 
 

Fig. 2 Static characteristic of a relay element 

 

Where dy/dt is the speed of movement of the regulated object, +C,-C-constant speed of the 

regulated object during movement in different directions, -b,+b-zone of insensitivity. The 

control system is balanced by an aperiodic curve, where high accuracy and fast response of the 

regulated object are achieved. The structural scheme of the optimal regulation system is shown 

in Fig. 3. 
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Fig. 3 Structural diagram of relay regulation of a controlled object 

 

 

Where 8 is a relay switching element (comparator0, 7 is an integrator, 6 is an operational 

amplifier. The switching function has the following form: 

 
 

Where K1,K2,K3, coefficients, the variation of which achieves the desired control dynamics, 

∆n=n1-n2. n1 is the desired value of the control parameter, and n2 is the actual value of the 

control parameter. Taking into account the structural scheme and the corresponding algorithm of 

the control switching function, the block diagram of the control system optimization using the 

software application package LabVIEW will have the form shown in Fig. 4. 

 
Fig. 4 Block diagram of the control system optimization 
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The modeling front panel is shown in Fig. 5. 

 

 
Fig. 5 Front panel of the control system optimization modeling 

 

By using the optimal regulation algorithm and selecting the control function 

coefficients, high dynamic characteristics of the control system have been achieved. The 

reduction of current-equalizing chokes and thrusters in the control system leads to a relatively 

high quality of consumed electricity. According to the results obtained by computer modeling, 

we obtain: 

When starting the electric motor for moving the working body at a rotation frequency of 10 rpm 

- braking time 0.03 s, reverse - 0.1 s, which indicates high dynamic performance of the control 

system. 

 

Result 

Catarebuli computer kvlevis safuZvelze dgindeba, rom compared to the existing control systems 

of the controlled object, the use of the relay control principle in the control block, in which the 

implementation of the corresponding algorithm for the optimal switching function is used, 

makes the control process more attractive and successful. marTvis sistemis swrafmoqmedebis 

da sizustis gazrdiT mirweulia gardamavali procesebis optimaluroba da control object datvirTvis 

cvlilebisas marTvis sistemis dinamikuri sixiste mniSvnelovnad gazrdilia. 
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Abstract 

The Paper analyzed the Georgian electricity sector and electricity consumption profile, according to which the 

calendar year was divided into energy seasons and time periods in order to better study the behavior of electricity 

consumers. Within the framework of the analysis, the calendar year was divided into four parts, each part with 

four characteristic periods: daytime peak, afternoon peak, evening peak, holidays and weekends (Saturday and 

Sunday). For this, holidays were allocated in Georgia in 2020-2024 and the electricity consumption profile on 

these days was analyzed. To simplify work with the balance, average values were derived from the four-year 

period and a model “Average Statistical Year” was adopted. 

 

Keywords: Energy, Electricity, Energy Balance, Electricity Consumption, Power Plants. 

 

Introduction 

Georgia's Energy Balance Overview. According to the aggregated energy balance of Georgia 

for 2023, energy supply was 237,601.2 terajoules, and final energy consumption was 215,034.8 

terajoules. The household sector is in first place in terms of energy consumption, consuming 66,406.4 

terajoules of energy in 2023. Up to 70% of the energy consumed by households comes from natural 

gas, while electricity accounts for only 15%. In addition, energy exports in 2023 amounted to 21,108.5 

terajoules (of which almost 100% was electricity). Based on the above statistical information, we can 

say that approximately 81.4% of energy comes from imports, while local generation accounts for 

18.5%, of which 100% is allocated to electricity, and more than 70% of this is allocated to 

hydropower. 

The installed capacity of the Georgian electric system is 4,467 MW, of which 1,189 MW comes 

from thermal power plants, 21 MW from wind power plants, 2,381 MW from regulating hydroelectric 

power plants, 592 MW from seasonal hydroelectric power plants, and 284 MW from small-scale 

power plants. Despite the fact that Georgia’s energy policy is focused on the use of renewable energy 

sources and the total capacity of hydro power plants exceeds that of thermal power plants, the share of 

thermal power plants in final energy consumption is still high (in 2024, the total output of thermal 

power plants amounted to 2082.58 billion kWh, which is 14.63% of the total output). It is worth 

noting that such a percentage may be small in the annual cycle, however, since hydro resources 

account for a larger share of the installed capacity, their output decreases sharply during the winter 

water deficit period and along with the operation of thermal power plants, the need to import 

electricity arises. Considering that almost 100% of fuel resources (natural gas and oil products) are 

imported, the picture of energy dependence (accordingly energy security) is becoming even more 
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acute. Domestic electricity generation by 2024 will amount to 14.234 billion kWh. Today, Georgia 

does not consume natural gas imported from Russia, and in exchange for transit, the country receives 

monetary compensation. It can be said that this negatively affects the competitiveness of the market 

and the diversification of natural gas import sources. At the same time, dependence on Russian gas, 

due to a number of factors, poses a threat to the country's energy sector. As mentioned above, Georgia 

also performs the function of electricity transit. In 2024, 1,1014.6 billion kWh of electricity transited 

from Azerbaijan to Turkey through Georgia, and 59.6 billion kWh of electricity from Russia to Turkey. 

This year, no electricity transit was carried out from Armenia to Turkey through Georgia. 

According to the latest available energy balance, Georgia is 80% import-dependent. This figure 

differs from the pure import dependence (85.4%) given above, as the import dependence index 

decreases with the share of exported energy. Georgia exports energy mainly during the dry season 

(April-July). 

Fig. 1. Electricity generation, import and consumption in 2015 – 2024 and January-July 2025 (Kwh.) 

 

According to data from January to July 2025, Georgia imported 1,002.4 million kWh of 

electricity, which is a 115.74% increase compared to the same period in 2024 (the volume of 

electricity imported in January to July 2024 was 464.626 million kWh), while local electricity 

production decreased by almost 10%. In 2015-2024, the share of imported electricity in consumption 

increased by an average of 11%. The main reasons for this are: the development of energy-intensive 

indusv  tries, growing GDP, etc. 

Seasons of electricity consumption. As a result of the analysis of annual hourly electricity 

consumption, it was determined that, depending on the nature of electricity consumption, the calendar 

year can be divided into four seasons: from January 1 to March 30, from April 1 to July 1, from July 1 

to October 1, and from October 1 to December 31. It is also worth noting that holidays are not taken 

into account here, when electricity consumption is much higher than on ordinary days. 

According to the distribution of electricity consumption, the annual consumption is distributed 

as follows: Season 1 - 33.4%, Season 2 - 23%, Season 3 – 16.1%, Season 4 – 27.4%. Series 1,2,3 are 

the maximum, minimum and average electricity consumption, respectively. 

Although there are no solar power plants in Georgia at this stage, the analytical part also took into 

account the potential solar power plant generation data. 
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                          Fig 2. Distribution of electricity consumption by season (in Megawatts). 

 
Fig. 3. Distribution of electricity generation and import by month (in megawatts) and share of import 

by month. 

 

As shown in Figure 3, the share of electricity imports increases from October and decreases in 

March. This is directly related to the regulatory hydroelectric power plants, which account for up to 

77% of electricity generation and depend on the water level in the reservoir. 

  12.24%   14.76%  8.72%    0.61%   0.56%      0.27%   0.50%    0.06%    2.53%   16.02%  22.28%  23.43%  
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Energy security assessment. The growth of electricity demand and import dependence are 

directly related to the country's energy security. Along with analyzing the trends in electricity 

consumption growth analyzed in the article, it is important to identify the main parameters of energy 

security in order to obtain clearer and more specific recommendations for the electricity sector. 

Energy Security Index (ESI): According to the Energy Security Index, which is calculated 

comprehensively and includes both energy and economic and other social components, Georgia's 

index is 0.891 (the European average is 1. The Energy Security Index also has an annual downward 

trend of -1.12%). Compared to 1995, the energy security index decreased by 34%, which is explained 

by the increase in energy imports, the decrease in domestic production and, in particular, the decrease 

in the share of the extractive industry, which was one of the most important. 

The total duration of power outages during the year (SAIDI - System Average Interruption 

Duration Index), the frequency of power supply interruptions during the year (SAIFI - System Average 

Interruption Frequency Index) and the Herfindahl-Hirschman Index (HHI). Technical measures 

implemented by the State Electric System of Georgia Modernization, aimed at minimizing these two 

factors. Indicators. The worst indicator in this component is “Energopro-Georgia”, which is the 

electricity distribution network in the regions. The National Energy and Water Regulatory Commission 

of Georgia annually monitors the SAIFI and SAIDI indicators, which makes it easier for companies to 

identify weak points and improve their indicators annually. JSC “Telasi” recorded 6,316 outages in 

2019, the total duration of which was 9 hours and 52 minutes, and the SAIFI indicator was 5.9; in the 

case of JSC “Energo-Pro Georgia”, based on 2019 data, the planned and unplanned SAIDI indicator 

due to internal reasons is 55 hours and 26 minutes. 

Import dependency index. As already mentioned above, Georgia is significantly dependent on 

imported electricity, and this dependence is increasing every year. The average volume of imported 

electricity in January-July 2025 alone has increased by 70% compared to the total volume of imported 

electricity in 2015, and the average annual growth of imports in 2015-2025 is 11.7%. 

Conclusion 

     The paper discusses the trends in electricity consumption in Georgia, analyzes electricity 

consumption statistics on an annual and daily basis. Based on the presented statistical information, it 

was determined that both electricity consumption and generation are characterized by significant 

seasonality and, at the same time, a rapid growth rate. 

     In order to meet the growing demand for electricity, the country needs to acquire new 

capacities, especially hydroelectric power plants, since this is an instrument for meeting peak demand 

in Georgia. 
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Abstract 

The paper discusses the Targets set by Georgia in the direction of energy efficiency and renewable energy 

consumption. The definition of target indicators was preceded by the development of the relevant legislative 

framework, the development of energy policy documents and the presentation of relevant measures to achieve 

these goals. Based on the review of the current situation in the energy sector, it is clear that the country's 

dependence on imported energy carriers is increasing, which poses a threat to the country's energy security. The 

primary measure to achieve the target indicator of renewable energy is the maximum use of renewable energy 

sources, in the case of Georgia this mainly involves the construction of hydroelectric power plants, the use of 

wind and solar energy is also important. The direction of energy efficiency has been determined by the relevant 

legislative policy, the correct implementation of which makes it possible to achieve the target indicators of 

energy efficiency. 

 

Keywords: Energy Sector, Renewable Energy, Energy Efficiency, Energy Policy.  

 

Introduction 

In 2014, Georgia signed an Association Agreement with the European Union and subsequently 

ratified it in 2016, making commitments, including the approximation of energy sector legislation with 

EU legislation and the alignment of Georgia's energy policy with the EU's energy policy. In order to 

achieve this, Georgia had to work with the Energy Community, of which Georgia became a member in 

2017. 

In 2019, Georgia adopted the Law "On Promoting The Generation And Consumption Of Energy 

From Renewable Sources", the purpose of which is to create a legislative framework and set targets 

for the promotion of renewable energy in Georgia, as defined in the Association Agreement. The 

second legislative instrument used to achieve the share of renewable energy is the “State Energy 

Policy of Georgia” and its annex “ Integrated National Energy and Climate Plan“ (NECP) of Georgia” 

(adopted by the Parliament of Georgia on June 27, 2024 by Resolution No. 4349-XIVMS-XMP). The 

basis for developing the energy policy is defined in the Law of Georgia “On Energy and Water 

Supply” and is developed on the basis of the European Union Regulation (EU) 2018/1999 and 

determines that the EU member states (and associating countries) must adopt “Integrated Energy and 

Climate Plans”, which must include a set of measures: decarbonization, renewable energy, energy 

security, energy market and research and innovation for competitiveness” and determine the priorities 

for renewable energy, energy efficiency and, among others, Decarbonization (also defined in the 

Climate Change Strategy and Action Plan of Georgia) target indicators for 2030. 

In 2020, Georgia adopted the “Law on Energy Efficiency” and 15 relevant by-laws were 

approved in 2022-2023. 4 by-laws of the Law on Energy Efficiency have been developed and will be 

approved in the near future. As for the energy efficiency of buildings, the Law of Georgia “On Energy 

Efficiency of Buildings” and the Law on Energy Efficiency were approved in May 2020. In addition, 

amendments to the Laws “On Energy Efficiency” and “On Energy Efficiency of Buildings” were 

prepared in 2023 to reflect the updated directive. The draft of the aforementioned amendments was 

approved by the Parliament of Georgia at the first committee discussion, further discussions are 

planned in the near future. It is noteworthy that in 2021-2023, 4 by-laws were approved under the Law 
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on Energy Efficiency of Buildings; the remaining 7 draft by-laws have been developed and will be 

approved in the near future. The Ministry of Economy has been actively cooperating with the Energy 

Efficiency Center of Georgia for many years, and I would like to thank them for their active and 

fruitful cooperation. 

Integrated National Energy and Climate Plan (NECP) of Georgia. The State Energy Policy of 

Georgia and its Annex The National Integrated Energy and Climate Plan were developed on the basis 

of the European Union Regulation (EU) 2018/1999. The obligation to adopt the plan and policy was 

also determined in accordance with Article 7(1) of the Law of Georgia “On Energy and Water 

Supply”, which also indicates what types of measures the National Integrated Energy and Climate Plan 

should include. In accordance with the European Union Regulation (EU) 2018/1999, the National 

Integrated Energy and Climate Plan of Georgia covers five main directions of the Energy Community: 

1. Decarbonization: 

- Decarbonization (31 measures); 

- Renewable energy (9 measures); 

2. Energy efficiency: 

- Energy efficiency of buildings (9 measures); 

- Energy efficiency in industry (3 measures); 

- Energy efficiency in the transport sector (8 measures); 

- Energy efficiency in gas and electricity infrastructure (5 measures); 

3. Energy security direction (19 measures); 

4. Internal energy market 

5. Research, innovation and competitiveness direction (11 measures). 

 

The NECP was developed with the involvement of relevant ministries and with the support of 

international organizations (Energy Community, USAID, KFW, UNDP, etc.). Since the 

aforementioned plan was a strategic document, it also underwent the “Strategic Environmental 

Assessment” procedure defined in accordance with the “Environmental Assessment Code” of Georgia, 

within the framework of which a “Strategic Environmental Assessment” report was prepared for the 

document, where the environmental impact of the measures specified in the plan was assessed. It is 

also worth noting that the involvement of civil society and non-governmental organizations was high 

in the development of the document, a total of 15 public discussions were held, the document was 

made public at each stage and the Ministry received relevant comments and questions from all 

interested parties. 

The National Integrated Energy and Climate Plan of Georgia determines that in case of 

implementation of the measures provided for in the plan, Georgia should achieve the target indicator, 

namely 27.4% - the share of renewable energy in final energy consumption by 2030. 

In terms of greenhouse gas reduction, the target indicator is a 47% reduction in greenhouse 

gases by 2030 compared to 1990, according to the contribution determined at the national level. 

       The plan also defines energy efficiency measures in buildings, transport, industry and gas 

and electricity infrastructure. Primary energy saving targets for 2030: 

• Primary energy consumption (PEC) – 5.45 million tons of oil equivalent (toe). 

• Final energy consumption (FEC) – 5.00 million tons of oil equivalent (toe). 

It is also worth noting that achieving the target indicators does not consider only one scenario, 

four alternative scenarios are considered in the plan to achieve the same numbers. 

1. Scenario with existing measures (WEM) -  According to this scenario, no additional 

capacities are used, although the demand for energy increases and, accordingly, its import also 

increases. According to this scenario, by 2030, the installed capacity of hydroelectric power plants 

remains the same and amounts to 3407 MW, only one (already existing) wind power plant with an 

installed capacity of 20 MW, and the capacities of thermal power plants do not change either. Since 
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additional capacities are not being utilized, import dependence is increasing significantly, which is a 

serious challenge for both energy security and the country's economy, and the country's energy 

independence goal cannot be achieved. 

2. NECP scenario - According to this scenario, in addition to the existing capacities, the 

following additional capacities are to be utilized by 2030: 430 MW of regulated hydroelectric power 

plants, 237 of run-of-river hydroelectric power plants, 730 of wind power plants, and 547 MW of solar 

power plants. These capacities are the minimum necessary to meet the increased demand for energy, 

for energy security and energy independence. 

3. The first alternative scenario - This scenario is analogous to the NECP scenario in all other 

respects, differing only in that the installed capacity of the regulating hydroelectric power plants of 

430 MW and generation of 1500 GWh is replaced by wind power plants with analogous parameters. 

According to this scenario, there is also a need for additional 150 MW of storage batteries. This 

scenario has both positive and negative sides. In particular, it is possible to replace the energy 

generated by the regulating hydroelectric power plant with internal sources. Also, the construction of 

wind power plants and energy storage batteries together requires much less time than in the case of 

Mare. 

4. Second alternative scenario - As in the first alternative scenario, in this scenario all 

parameters are identical to the NECP scenario. The only difference is that the generation of regulatory 

hydroelectric power plants with a capacity of 430 MW and 1500 GWh is replaced by generation of 

thermal power plants. It is worth noting that in this case, the emission of harmful gases into the 

atmosphere increases significantly, which negatively affects air quality and, in general, the 

environment (the goal of reducing emissions cannot be achieved). In addition, the country does not 

have significant reserves of natural gas, which makes generation completely dependent on imported 

natural gas, which is a significant challenge for the country's energy security. 

The analysis of the scenarios makes it clear that the target indicators can be achieved only by 

implementing the measures provided for in the National Integrated Energy and Climate Plan. 

Analysis of the current situation in the energy sector 

The final energy consumption in Georgia is characterized by a sharp growth rate, which is 

caused by several factors: the country's demographic and economic growth rate, which means an 

increase in the consumption of fossil resources (especially natural gas), which increases sectoral 

emissions and reduces the share of renewable energy in final energy consumption. 

It is worth noting that since Georgia does not have significant reserves of fossil fuels (oil and 

natural gas), the country is almost completely dependent on imports in this regard. According to the 

International Energy Agency (IEA), the supply side is almost 80% dependent on imported resources, 

and the remaining 20% of the energy supplied is locally produced. 

 
Fig. 1. shows the total energy supply (Total Energy Supply (TES)) for 1990-2023. 

The largest energy consumer in Georgia is the transport sector, which consumes fossil energy 

resources (gasoline, diesel, gas), followed by households, where the largest consumption also comes 
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from natural gas, although unlike the transport sector, the share of electricity here is very high. The 

graph below presents final energy consumption by main sectors. 

 

 

 

 

 

 

 

 

 

                                                

 

 

 

 

Fig. 2. Final energy consumption by sector 2023 (terajoules). 

 

In 2013-2023, final electricity consumption increased by an average of 3.2% annually, and in 

total, electricity consumption increased by 74% over the ten-year period. The highest share of 

electricity consumption (72%) falls on public and private services and households (22.4%). In 

addition, households also consume a large amount of natural gas, which makes it the largest consumer 

of resources in the energy balance. 

Approximately 73% of the installed capacity of power plants in Georgia comes from 

hydropower, the total installed capacity of power plants is 4586 MW, of which: 2381 MW-regulating 

HPPs, 995 MW-seasonal HPPs, 1079 thermal power plants, 110 MW-air turbines and 21 MW-wind 

power plants, unfortunately, at this stage there is no solar power plant in Georgia. The capacity of solar 

power plants is represented only in net accounting and amounts to 128 MW. 

The operation of hydroelectric power plants has a great impact on the energy balance. On 

average, 75-85% of the country's electricity demand is satisfied by energy generated from 

hydroelectric power plants. However, due to the diversity of hydrology, we have an excess of water in 

the spring-summer period, and a water deficit in the autumn-winter period. Since Georgia is a 

mountainous country, a large part of the autumn-winter precipitation accumulates in the form of snow 

and ice, and in the spring-summer period, this snow and ice melt, which directly affects the generation 

of plants. Based on the characteristics of consumption, the situation is the opposite, consumption is 

reduced in spring, which is caused by comfortable temperatures, as people use heating and cooling 

devices less. The seasonal imbalance between consumption and generation should be balanced 

primarily by filling reservoirs, since the energy stored in reservoirs can be used during periods of 

deficit, and the excess energy can be exported. In contrast, the autumn-winter period is deficient, 

during which we use both electricity and primary heating to obtain electricity. For comparison, if in 

the spring-summer period, thermal power plants are within 5% of the total production consumption 

(this could be April or August, because April may be cold and water may not arrive on time, or there 

may be very little precipitation in August, which will coincide with extreme heat and we will have to 

turn off the thermal power plant), this dependence increases sharply in winter and reaches an average 

of 40-50%. 

Methodology for calculating the share of renewable energy in Georgia 

The share of renewable energy in total final consumption is calculated by the Resolution of the 

Government of Georgia No. 376 of June 22, 2020 “On Approval of the Methodology for Calculating 
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Energy from Renewable Sources”. Using this methodology, the share of renewable energy has been 

calculated in the “National Integrated Energy and Climate Plan of Georgia” and the target indicator for 

2030 (27.4% share of renewable energy in total final energy consumption) has also been 

determined using the same methodology. To calculate the share of renewable energy, it is necessary to 

calculate the share in three main sectors: the electricity sector, the transport sector, and the heating and 

cooling sector. 

Targets and steering measures to achieve them 

As noted above, the target for Georgia for the share of renewable energy in final energy 

consumption is 27.4%. The diagram below shows the trend in the share of renewable energy in the 

energy balance in 2014-2023, as well as Georgia's target for 2030. 

 
Fig. 3. Share of renewable energy in total final energy consumption in 2014-2030 and target for 2030. 

 

The “ Integrated National Energy and Climate Plan ” of Georgian defines 9 direct measures to 

achieve the share of renewable energy. These measures are aligned with the plan’s objective 1.5 

“Increase the share of energy from renewable energy sources in final energy consumption 

(target − 27.4% by 2030)”. The plan also defines sectoral targets for renewable energy, namely: 85% 

- renewable electricity share, 7% - renewable fuels in the transport sector and “the rest” (mainly 

heating and cooling), as well as 7%. Of these, the most realistic is the achievement of the electricity 

target, since currently approximately 77% of the electricity produced in Georgia is already produced 

from renewable resources. 

 

Conclusion 

The paper discusses Georgia's energy system, legislative framework, and targets for renewable 

energy and energy efficiency that the country has set to achieve by 2030. The following 

recommendations were formulated as a result of a review of the current situation, policy, and 

legislative framework: 

1. It is necessary to maximize the use of renewable energy sources. Since Georgia does not have 

fossil fuel resources, it is necessary to utilize the electricity potential, replace fossil fuels with locally 

produced electricity in various sectors, and reduce import dependence. 

2. For the effective implementation of policy and legislation, constant monitoring is necessary, 

which, on the one hand, controls the extent to which the necessary measures to achieve the target 

indicators are being implemented, and on the other hand, timely identifies policy shortcomings in 

order to respond to them. 

3. Georgia has significant hydropower potential, the exploitation of which will help the country 

cover electricity consumption peaks and, accordingly, reduce the volume of imported electricity. 
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Abstract 

      Water resource management is an integrated process of planning, developing, distributing, and optimizing the 

use of water within the water cycle to ensure its sustainable availability for human and ecological needs. The 

main goals of management include providing water to users at the right time, in sufficient and adequate quality; 

ensuring fair distribution among various stakeholders; and protecting ecosystems. In Georgia, the functions of 

water resource management are distributed among several institutions, including the National Food Agency, the 

National Environmental Agency, the Ministry of Environmental Protection and Agriculture, and the Georgian 

National Energy and Water Supply Regulatory Commission (GNERC). 

      This article discusses the role of the Commission in the water supply sector and highlights the importance of 

its functions in protecting consumers, controlling service quality, and monitoring investments and tariffs. The 

sector faces numerous challenges, including high water losses, outdated infrastructure, incomplete metering, and 

the impact of climate change. Due to infrastructural problems, it is impossible to rehabilitate the network all at 

once; therefore, investments are directed toward phased priorities. Under these conditions, the Commission 

monitors water supply interruptions, defines network rehabilitation schedules, and oversees the implementation 

of investment projects. 

     The article illustrates how the Commission strives to establish a balance between economic, social, and 

environmental interests within a unified framework, aiming to protect water resources, safeguard consumer 

interests, and ensure sustainable development of the sector. 

 

Keywords: Energy, Water resources, Regulation.    
 

Introduction 

       Water resource management is an integrated process of planning, developing, distributing, and 

optimizing the use of water within the water cycle to ensure the sustainable availability of water 

resources for meeting human and ecological needs. It encompasses both the quantitative and 

qualitative aspects of water. The three main objectives of water resource management are: Supplying 

water to users at the right time, in sufficient quantity, and of adequate quality; Ensuring fair 

distribution of water resources among users; and Providing ecosystems with water of sufficient 

quantity and quality. At the same time, the key aspects of water resource management include: 

• Planning and development: Establishing strategies for the efficient and sustainable development of 

water resources, including the creation of water supply and sanitation infrastructure. 

• Distribution: Optimal allocation of water among various stakeholders based on its intended use 

(domestic, agricultural, and industrial). 

• Quality and quantity: Monitoring water quantity and its physical, chemical, and biological 

characteristics. 

• Risk management: Preventing and reducing threats related to water resources, such as floods, 

droughts, and pollution. 

• Sustainability: Ensuring that current water use does not harm future generations or damage vital 

ecosystems. 

       To achieve these goals, it is essential to have a strong legislative framework for water resource 

management, effective resource monitoring, and sufficient financial and material resources for the 

operation of water supply systems. 

       In Georgia, the functions of water resource management are distributed among several 

institutions. The National Food Agency and the National Environmental Agency are responsible for 

defining and monitoring water quality standards. Water use permits and licenses are issued by the 
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Ministry of Environmental Protection and Agriculture (through the Department of Environmental 

Assessment and the National Environmental Agency) and the National Agency for Mines. Issues 

related to disaster risk reduction and the impacts of climate change on water are addressed by the 

Ministry of Environmental Protection and Agriculture (through the Department of Environment and 

Climate Change and the National Environmental Agency), the Emergency Management Service of the 

Ministry of Internal Affairs, and individual municipalities. 

      Regulatory and supervisory functions are carried out by the Ministry of Environmental Protection 

and Agriculture (Environmental Supervision Department), the Ministry of Economy and Sustainable 

Development (National Agency for Mines), and the Georgian National Energy and Water Supply 

Regulatory Commission. 

This article discusses the role of the Commission in water resource management, focusing on the 

challenges and opportunities related to the regulation of the water supply sector. 

 

Regulation of the Water Supply Sector 

     The water supply sector has been regulated by the Commission since 2008. According to the 

Georgian Law on “Water Consumer Organizations,” the scope of the Commission’s regulation was 

later expanded to include the activities of primary water users. Within this framework, the 

Commission’s competencies include approving the methodology for setting tariffs for services 

provided by primary water users, determining these tariffs, approving water supply rules, and 

resolving disputes between primary water users and water consumer organizations or other water 

users. 

     Regulation is carried out based on the following laws and subordinate acts: 

     Law of Georgia “On Energy and Water Supply”; 

• Commission Resolution №32 of November 26, 2008, “Rules for the Supply and Use of 

Drinking Water”. 

• Commission Resolution №20 of June 28, 2021, “Service Quality Rules”. 

• Commission Resolution №36 of July 29, 2021, “Investment Evaluation Rules”. 

• Commission Resolution №45 of December 26, 2017, “Rules for Calculating Normative 

Drinking Water Losses”. 

• Commission Resolution №21 of August 10, 2017, “Methodology for Calculating Water Supply 

Tariffs”. 

• Commission Resolution №22 of May 27, 2020, “Licensing Rules and Notification Procedures 

for Energy Activities”. 

• Commission Resolution №39 of August 30, 2023, “Rules for Irrigation Water Supply”. 

• Commission Resolution №40 of September 14, 2023, “Methodology for Calculating Tariffs for 

Services Provided by Primary Water Users.” 

      The Georgian National Energy and Water Supply Regulatory Commission plays a significant 

role in water resource management. The Commission regulates drinking water supply, wastewater 

services, and irrigation water supply. Regulation covers eight licensed drinking water supply 

companies (1 state-owned, 5 municipal, and 2 private) and one state-owned irrigation water supply 

company. 

      The Commission’s work in the water supply sector aims to establish a balance that 

simultaneously ensures accessible and high-quality services for consumers, financial stability and 

development opportunities for water companies, and effective and sustainable management of 

water resources for the state. 

      The Commission sets tariffs, monitors service quality, and reviews companies’ investments and 

reports to ensure transparent, fair, and economically sound management of the water supply 

system. In this way, GNERC serves as a balancing mechanism between economic, social, and 
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environmental interests—its decisions aim to protect water resources, optimize consumption, and 

safeguard consumer interests within a unified framework. 

      On July 29, 2021, the Commission approved Resolution №36, establishing the “Rule on 

Investment Assessment in the Water Supply Sector.” One of the primary objectives of this rule is to 

define the criteria for evaluating the core activities of licensed water supply companies (hereinafter 

referred to as “criteria”) and to approve both their current levels and target values. In selecting the 

criteria, the Commission relied on global best practices (International Water Association – IWA) as 

well as the existing conditions and challenges within the sector. As a result, 11 key indicators were 

chosen: 

1. Drinking Water Quality Index: Evaluates the quality of drinking water supplied to consumers 

by licensed companies. 

2. Drinking Water Coverage Index: Assesses the coverage area of a licensed company’s water 

supply network within its service territory. 

3. Scheduled Drinking Water Supply Index: Measures the continuity of water supply to 

consumers based on the delivery schedule. 

4. Wastewater Service Coverage Index: Evaluates the coverage area of a licensed company’s 

wastewater network within its service territory. 

5. Quality of Discharged Effluent in Wastewater Systems Index: Assesses compliance of effluent 

discharged by licensed water supply companies into reservoirs with national standards. 

6. Fire Hydrant Coverage Index: Measures the coverage area provided by fire hydrants in the 

licensed water supply network. 

7. Drinking Water Pipeline Failure Index: Evaluates the number of damages occurring annually 

per 100 km of drinking water pipelines. 

8. Wastewater Pipeline Failure Index: Measures the number of damages occurring annually per 

100 km of wastewater pipelines. 

9. Drinking Water Infrastructure Loss Index: Evaluates the amount of drinking water lost in 

licensed water supply systems. 

10. Staff Productivity Index: Assesses the number of employees in licensed companies relative to 

the volume of the water supply system. 

11. Drinking Water Distribution Network Resilience Index: Evaluates the average number of 

consumers affected by service interruptions during a single pipeline failure, considering the 

condition of the network. 

For each criterion, the Commission annually sets, no later than April 1: 

a) Lower bound: The worst-performing value among licensed water suppliers; 

b) Current level: The performance level of the individual licensee; 

c) Target value: Defined based on best practices from developed countries worldwide. 

The criteria described above are established by the Commission before licensees submit their 

investment plans. Accordingly, under the “Rule on Investment Assessment in the Water Supply 

Sector,” licensees are required to consider these criteria when preparing their investment plans and 

ensure that their investments address areas that will improve the existing level of service. On 

March 28, 2024, the Commission approved the lower bounds, current levels, and target values for 

the key indicators. 

       The water supply sector currently faces numerous challenges. High water losses, incomplete 

metering, outdated infrastructure, and the impacts of climate change are some of the issues that 

hinder the efficient functioning of the system. To address these challenges, the Commission works 

continuously. The following outlines the main challenges and the measures the Commission 

implements to address them: 

• Natural monopoly of water supply: Water supply is a natural monopoly, meaning that due to 

the specific nature of infrastructure and high investment costs, usually only one provider 
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operates in a given market. In such conditions, consumers have no alternative, making it 

necessary to have sector rules that ensure equal treatment for all participants, uphold service 

standards, and protect consumer rights. Therefore, the Commission sets rules for water supply, 

consumption, and service quality. These rules protect consumers’ interests and ensure 

transparent interaction between companies and users, defining sectoral behavior as well as the 

rights and responsibilities of stakeholders. This framework promotes service quality, rational 

water use, and public trust in the sector. 

• Coverage and access: Approximately 69% of Georgia’s population (around 2,578,404 people) 

receives drinking water from licensed water supply companies, while 31% (around 1,157,953 

people) rely on local water systems managed by municipalities. Consequently, about one-third 

of the country’s water supply falls outside regulation and metering. Although local efforts exist 

to improve the supply of potable water, key issues—such as water quality, service reliability, 

technical standards, and overall system management—remain unregulated. 

• Water losses: Water losses are a major global challenge in the sector. Aging infrastructure, 

inefficient distribution networks, leaks, illegal connections, and inaccurate metering 

significantly increase water losses, causing economic damage and reducing water availability 

for consumers. In Georgia, the Commission continuously monitors network failures, identifies 

problematic network sections, and approves rehabilitation schedules for individual companies. 

The Commission also promotes consumer accountability to reduce losses in both drinking and 

irrigation water supply. 

• Fair tariff setting: Establishing fair tariffs is essential. The Commission prioritizes the 

protection of both consumers’ and regulated companies’ interests. Fair tariffs enable licensed 

water suppliers to provide reliable, high-quality services while protecting consumers from 

paying for costs that are not essential for the company to fulfill its obligations. Tariffs are also 

designed to incentivize investments in the sector. The Commission sets fair and economically 

transparent tariffs that reflect the real cost of water consumption while encouraging rational use 

of water resources. 

• Investment in infrastructure: Investments in water supply infrastructure are often insufficient to 

fully address sectoral challenges. It is impossible to rehabilitate the entire network at once, so 

companies must prioritize critical sections, especially areas with frequent failures or urgent 

technical issues. As a result, some parts of the network still consist of old infrastructure 

requiring continuous maintenance, which incurs additional costs. The Commission monitors 

company investments, evaluates each project in detail, and approves short- and long-term 

investment plans when calculating tariffs. 

• Limited water supply schedules in some regions: In certain regions, drinking water is supplied 

according to restricted schedules. To address this, studies are being conducted to explore 

various solutions, including the potential for municipal interventions, public-private partnership 

(PPP) models, and local community involvement in water resource management. 

• Challenges in wastewater management: The sector faces serious issues in wastewater 

management due to weak infrastructure and insufficient institutional governance capacity. 

These challenges pose both environmental and public health risks, highlighting the urgent need 

for reforms in wastewater systems. 

 

Conclusions 

Water resources are one of the most essential components of a country’s social and economic well-

being. Their rational management is a complex and highly responsible task, relying both on the 

effective implementation of the legislative framework and on efficient mechanisms for managing 

water resources. 
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Although significant steps have been taken in recent years to improve the legal framework of the 

water sector, the system remains fragmented. Substantial gaps still exist in technical regulations, 

the efficient use of water resources, and the overall management of water resources. 

     The Georgian National Energy and Water Supply Regulatory Commission actively works to 

promote impartial, fair, and balanced regulation of the energy and water supply sectors, aiming to 

create a competitive, reliable, and safe environment while protecting consumer rights. The 

Commission’s vision is the development of energy and water supply sectors that provide 

consumers with reliable, accessible, and high-quality services. 

     Thus, the Commission’s regulatory policy ensures not only the protection of consumers and 

improvement of service quality but also the efficient and responsible management of water 

resources. Its primary objective is to ensure that water companies deliver reliable, high-quality, and 

accessible services to consumers, which is directly linked to the sustainable use and protection of 

water resources. 

 

References 

1. WAREG, „Addressing Water Losses“, 2023, https://www.wareg.org/articles/9-water-

losses/ 

2. Chandra Asri, „What Is Water Resource Management and Why Is It Important?“, 2025, 

https://chandra-asri.com/en/blog/water-resource-management 

3. Terashvili A., ISET Economist Blog, „Water resource management reform: current 

situation and expectations“, 2023, „https://iset-pi.ge/ka/blog/3322-tskhlis-resursebis-

martvis-rephorma-arsebuli-realoba-da-molodinebi 

4. Georgian National Energy and Water Supply Regulatory Commission, Activity Report, 

2024, 

https://gnerc.org/files/Annual%20Reports/Reports%20English/Anual%20report%20202

4%20ENG.pdf      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.wareg.org/articles/9-water-losses/
https://www.wareg.org/articles/9-water-losses/
https://chandra-asri.com/en/blog/water-resource-management
https://iset-pi.ge/ka/blog/3322-tskhlis-resursebis-martvis-rephorma-arsebuli-realoba-da-molodinebi
https://iset-pi.ge/ka/blog/3322-tskhlis-resursebis-martvis-rephorma-arsebuli-realoba-da-molodinebi
https://gnerc.org/files/Annual%20Reports/Reports%20English/Anual%20report%202024%20ENG.pdf
https://gnerc.org/files/Annual%20Reports/Reports%20English/Anual%20report%202024%20ENG.pdf


42 

 

CONCEPT OF HUMAN RESOURCING FOR ELECTRIC POWER 

ENTERPRISES INNOVATIVE DEVELOPMENT  
 

Tengiz MUSELIANI1, Ana NATROSHVILI2, Marine RAZMADZE3 

Georgian Technical University 

#77, M.Kostava ave, Tbilisi, Georgia 
1museliani@yahoo.com. 
2leveline49@gmail.com 

3marina.razmadze30@mail.ru 
 
Abstract 

While addressing the challenges to ensure dynamic, sustainable economic development, innovations 

play the key role, arranging the continuous renewal of technological base of production and the acquisition and 

release of new competitive products. Innovative development of the electric power industry and the achievement 

of competitiveness for Georgian energy enterprises in the global economy require the appropriate personnel. "A 

qualified specialist, a knowledge carrier, becomes the primary source of innovation that determines the 

global competitiveness of the socio-economic system." 

 

Keywords: Electric power industry, innovative development, electric power enterprise, personnel 

management integration. 

 

Introduction 

 Innovative development of electric power enterprises, their technological modernization is to 

be based on new competencies of workers and new principles and technologies they determine [1],  

Within the context of innovative development, an enterprise must act not only as an economic 

entity, a subject of civil-legal relations, but also as a complex multistructural formation characterized 

by production, economic, social, demographic, professional and other aspects, considering that the 

basis for the successful implementation of innovations is personnel. 

 

Basic part 

When considering the personnel of innovative development, one understands the concept of 

organizational innovative development personnel (OIDHR) [2] as a system of theoretical and 

methodological views on the formation of a mechanism for understanding the essence, content, goals, 

objectives, principles and methods of personnel in the context of innovative development. When 

considering the personnel of innovative development, they understand the concept of organizational 

innovative development of personnel (OIDHR) [2] as a system of theoretical and methodological 

views on the formation of a mechanism for understanding the essence, content, goals, tasks, principles 

and methods of personnel support in the conditions of innovative development. 

The goal of human resource management in the field of innovative development for an 

organization is to ensure that the human potential of an electric power company corresponds to its 

goals and strategy of innovative development. 

A key component for the concept of human resource management for innovative development 

of an organization is the justification of its principles (Table 1). 

(The effectiveness of (OIDHR) is significantly influenced by two groups of factors: 

- Factors determining the need for an organization to provide personnel (Table 2); 

- Factors influencing human resourcing  for innovative development (Table 1). 
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 Table 1. Basic principles for human resourcing of innovative development  for an 

organization  

(OIDHR) principles   Content and characteristics of the principles 

Recruitment The principle of an integrated approach to human resourcing involves 

considering this process as consisting of various elements and having a 

certain internal organization. 

An integrated approach provides the assistance for balanced functioning 

and eliminates disproportions and contradictions between various aspects 

of human resourcing, which should be implemented in all areas, taking 

into account all aspects : organizational, legal, economic, 

psychophysiological and social. 

Systematicity It complements the principle of comprehensiveness. While 

comprehensiveness requires full coverage of all areas and aspects of the 

OIDHR, systematicity implies the interconnection of all OIDHR 

components to eliminate contradictions that may arise when addressing 

them in isolation. 

Intentionality The OIDHR must be targeted, which implies a well-founded choice for a 

specific period of time, taking into account the goals and objectives of 

employees, groups, and specializations. It is crucial to consider the 

OIDHR issue within the context of the organization's comprehensive 

innovative development strategy. 

Continuity OIDHR should be based on the need (existing and projected) for the 

“production” of innovative development for the organization or its 

structural divisions, taking into account the time factor, which is 

determined, in particular, by the strategic goals of the innovative 

development of the organization, existing organizational changes, the 

emergence of fundamentally new management tasks, etc. 

Cyclicality OIDHR consists of a series of interconnected stages. 

In each cycle, these stages are repeated at an even higher level. 

ეფექტურობა The defining principle of OIDHR is the principle of effectiveness. 

Overall effectiveness can be measured by the degree to which an 

organization achieves its stated goals. The components of overall 

efficiency are, first and foremost, social and economic efficiency. Social 

efficiency is expressed in improving the quality of personnel, while 

economic efficiency is expressed in increasing their productivity. 

 

 (While developing the (OIDHR), the management of energy organizations should take into 

account issues related to the development of plans to work out the general organizational strategy and 

enterprise policy. Strategy is the definition of long-term development goals of an organization and the 

timeframes for achieving them, as well as a system for assessing the quality of the implementation of 

these goals (indicators). On the other hand, the policy is a course of action aimed at achieving the 

goals set for the organization [3]. 

The (OIDHR) strategy is formed on the basis of the organization’s development strategy. 

The strategy defines the direction of personnel provision, which is mandatory to ensure the 

continuity of attracting, motivating and retaining responsible and competent personnel, which is 

necessary to fulfill the mission of innovative development of the organization and other goals.  

These strategies address long-term development goals for employees, staff, and the entire 

organization. As statements of intent, they serve as the basis for decisions about how the OIDHR 
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system will function. 

 

Table 2. Factors influencing the organization's personnel needs 

Factor Factor influence 

Maintaining 

competitiveness and 

organizational ability 

An organization's competitive advantages largely depend on the "speed" of 

innovation development, the innovation process, the main participants of 

which are professionally competent and trained employees. 

Scientific and 

technological progress 

Scientific and technological progress creates the conditions for the 

elimination or replacement of certain types of work within 3–5 years. 

Changes are occurring, in particular, in technology, equipment, consumer 

desires, and the system of social norms and values. Therefore, it is not 

possible to guarantee the acquisition of the required qualifications through 

basic education. 

Creation of a new 

organizational structure 

Specialized personnel development programs will help employees actively 

engage in work life and overcome communication barriers, as the results of 

changes are tangible directly in individual workplaces, and ongoing changes 

require flexibility from personnel. 

The necessary desire and ability to improve adaptation and communication 

skills can be developed through appropriate training activities. 

Environmental 

dynamics 

The environment is transforming into a borderless marketplace with a high 

level of competition between organizations. Organizations operating in 

dynamic markets strive to gain an advantage over their competitors through 

innovation. These changes require constant adaptation and updating of staff 

knowledge. Organizations with modern systems and programs for 

continuous professional development are leaders in this competitive 

environment, ensuring that existing qualifications are continually adapted 

and modified to help employees cope with changing challenges and 

demands. 

Change in the 

organization's 

development strategy 

Abandoning the use of highly skilled workers on a mass scale and giving 

priority to skilled workers with a wide range of skills. The use of non-

structural coordination mechanisms, especially through training and 

development programs, helps to reduce the demand for structural 

coordination mechanisms, i.e., organizational regulation. 

Ensuring organizational 

and personnel stability 

It is often more efficient and cost-effective for an organization to improve 

the performance of existing employees through ongoing training than to 

search for, attract, and hire new employees. 

 

 

Personnel can contribute to achieving the organization's goals, as well as understanding how 

the system should be designed and managed. 

In general, the human resource strategy for innovative development of an energy company 

should include the following aspects: 

- Creating incentives for innovation 

- Developing incentives for innovation 

- Expanding the social base for the management corps. 

In the context of the problem under study, among the wide variety of human motives, special 

importance is attached to cognitive motives. At the social level, they manifest themselves as a desire 

for new experiences, curiosity, and exploratory activity. It is precisely cognitive motives that 
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determine people's innovative activity. The development of cognitive motives can be considered in 

providing national and regional personnel for innovative development. 

Along with motives, incentives motivate people to act. While motive is a factor in a person's 

inner world, incentives act as a means as a means for external influence on a person. Behavioral 

motives are already established in the human structure before stimuli are applied. Therefore, incentives 

motivate people only if they have developed the corresponding incentives, that is, a psychological 

mindset for innovative activity. Otherwise, incentives do not have the desired effect on a person. 

Motivation of personnel is based on goals such as job retention, incentives for efficient 

performance and cost optimization. The motivation strategy covers all levels of management of the 

organizational structure and requires an appropriate degree of employee participation in the process at 

each level.  Top management is responsible for setting the strategic vision, which requires managers to 

be focused on strategic management. Middle management is responsible for establishing the 

foundations of professional training and motivation. The implementer of the motivation strategy is the 

lower management, which requires knowledge of the general rules and understanding of the principles 

of this strategy. 

From our point of view, both external and internal factors influence the level of employee 

innovation. The most significant external factors include the level of societal and economic 

development, culture and national traditions, employees' living and working conditions, motivation 

and incentives for innovation, and others. Internal factors are represented by the following 

characteristics: people's abilities, physical data, qualifications and the desire to improve them, 

intelligence, character, etc. Internal factors are the basis for innovative activity, while external factors 

create conditions for the manifestation of employees' innovative abilities. Innovative activity is 

impossible without certain internal factors and is difficult without corresponding external factors. 

Therefore, a dialectical unity and interconnection of internal and external factors motivating 

innovative activity is necessary. 

 

Conclusion  

Improving the quality of management in the field of innovation is impossible without 

expanding the social base of the management corps. Modern production has become so complex that 

elite groups, formed on the basis of property or bureaucratic-nomenklatura characteristics, are unable 

to provide society with the necessary number of managers from their circle who are capable of 

carrying out innovative activities and who have sufficiently high qualifications. The social base of 

managers must be expanded to the boundaries of the entire society, which will allow all citizens, 

regardless of social group, to have equal opportunities for improving their level of education, 

improving their qualifications, and career advancement. 

The greatest effect will be achieved only if all levels of human resources and personnel 

management strategies in the field of innovation are interconnected and complementary, which is very 

difficult in real practical life. The absence of a clear and economically sound human resource 

management strategy across the entire national economy dramatically reduces the effectiveness of its 

use and implementation at the enterprise level. 
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Abstract 

Energy Economics and Management is an interdisciplinary field that integrates energy, economics, management, 

and policy to examine and oversee the efficient use, production, distribution, and consumption of energy 

resources. The field explores how energy is produced, distributed, and consumed in ways that ensure both 

economic viability and environmental sustainability. Energy economics focuses on the prices, markets, and 

policies of various energy resources (such as oil, natural gas, electricity, and renewable energy). It analyzes 

supply and demand dynamics within energy markets, investigates the impact of energy prices on 

macroeconomics, inflation, and international trade, and evaluates the effectiveness of investments in energy 

projects. Energy management, in turn, concerns the efficient use and optimization of energy resources across 

enterprises, organizations, and cities. It encompasses energy strategy planning, enhancing energy efficiency, and 

reducing carbon emissions. This article examines Georgia’s situation in the context of energy economics and 

management and presents a comparative analysis. 

 

Keywords: electricity, renewable energy, natural gas, GNERC, regulation, tariffs, energy exchange, legal 

framework, investment, reforms, management, economy. 

 

Introduction 

The energy sector is one of the fundamental pillars of economic development and stability. In 

Georgia, energy policy and sector management play a crucial role in determining not only the 

country’s energy independence but also its economic potential and regional integration. Among the 

key initiatives, the Black Sea submarine cable project is particularly noteworthy, as it will enable 

Georgia to trade electricity directly with EU countries. Furthermore, global energy transformations—

especially the expansion of renewable energy and the implementation of green policies—present new 

challenges and opportunities for Georgia. 

For effective management of the energy sector, attracting investments, diversifying sources, 

energy efficiency of technological innovations and managing growing demands are important. 

The share of renewable energy in the European Union is constantly increasing. In 2023, 

renewable energy accounted for 24.5% of total final energy consumption. Also, 46.9% of net 

electricity generation in 2024 was generated from renewable sources. Such trends and policies indicate 

that the EU is aiming for a green transformation and energy decentralization. 

Studies conducted in EU countries show that the composition of electricity generation has 

changed significantly, with notable increases in solar, wind, and hydropower, leading to a more 

diversified energy portfolio. 

 

Georgian Energy Sector today: Statistics and Challenges 

According to the 2024 report of the Georgian National Energy and Water Regulatory 

Commission (GNERC), electricity production (distribution to Salte) in 2024 decreased slightly by 1% 

compared to 2023, and did not change compared to 2022. Electricity production (distribution to Salte) 

in Georgia, based on data for 2014-2024, grew by an average of 3.3% annually, while electricity 

consumption, based on data for 2014-2024, grew by an average of 3.1% annually.  

As for the natural gas sector, natural gas remains the main source of meeting final energy 

demand. In 2024, the share of natural gas in total energy consumption was characterized by a small, 

but increasing trend. 99.5% of Georgia's demand for natural gas was met through imports. The 

Republic of Azerbaijan remains the main source of natural gas supply for Georgia. In 2024, the 

demand for natural gas in the country increased by 1.5% and amounted to 3.011 billion m3. Natural 
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gas consumption for domestic purposes in 2024 amounted to 1.528 million m3, and for non-domestic 

purposes - 1.483 million m3. 

Georgia is currently implementing an energy sector reform. The reform of the electricity sector 

is focused on the liberalization of the electricity market and the harmonization process with European 

energy legislation. The goal of this reform is to enhance competition within Georgia’s energy sector, 

attract investments, and create better conditions for consumers. In 2019, the new Law of Georgia “On 

Energy and Water Supply” was adopted, establishing a legal framework based on structural reform and 

serving as the foundation for the transformation of Georgia’s electricity market. Pursuant to this law, 

several important regulatory acts have already been developed and enacted, contributing to the 

comprehensive transformation of the Georgian energy sector and facilitating the transition toward a 

competitive and transparent market system. 

It is important to note that on July 1, 2024, an energy exchange was launched in Georgia, 

specifically introducing day-ahead and intraday electricity markets. Accordingly, at this stage, a 

transitional electricity market model is in effect in the country, which retains the existing structure of 

the wholesale market while incorporating an energy exchange segment.  

The liberalization of Georgia’s electricity market and the advancement of competition mark a 

pivotal stage in the development of the country’s energy sector.The target model of the electricity 

market provides for the transition to hourly settlement of the trading period (from one month to one 

hour) and also the establishment of liability for imbalances. This model will contribute to the 

effectiveness of development and investments in the energy network, ensure effective management 

and optimal use of energy resources. Cost-reflective and transparent prices will also be established, 

which will help consumers make choices and consume electricity under fairer and more competitive 

conditions, and become active participants in the electricity market. In addition, the target model will 

encourage market participants to develop technological innovations and additional services. A 

transparent regulatory framework and pricing in the market will promote investments in additional 

generation sources and  the emergence of new market participants, which will ensure improved 

reliability and security of electricity supply in Georgia. 

The main characteristic of energy security in the electricity sector is the continuity of electricity 

supply. This can be ensured by meeting the country’s electricity demand through the maximum 

utilization of domestic resources. In turn, this approach will contribute to reducing imports in the short 

term and decreasing reliance on thermal generation in the long term. 

It should be noted that European energy transition policies align with the development directions 

of Georgia’s energy sector and are important for further strengthening the country’s energy security. 

Specifically: 

- Given the country’s limited hydrocarbon resources, there is a pragmatic motivation to reduce their 

use by increasing the share of renewables, which is a key objective of the European energy 

transition. 

- Georgia is endowed with abundant renewable resources, including hydropower, of which only 

20% has been utilized, while the exploitation of wind and solar potential remains at an early stage. 

Ambitious plans for the construction of renewable energy plants are, in theory, fully aligned with 

the country’s energy transition policy. 

- Georgia is geopolitically and topologically at the crossroads of East-West and North-South, 

possesses and is developing the relevant infrastructure, which is also in line with such key issues 

of energy transformation as increasing the capacity and flexibility of energy infrastructure, 

integrating variable renewable energies into the grid, developing energy businesses, and coupling 

markets. 

An important step in the development of the country’s energy sector has been the advancement 

of micro-sources of renewable energy, facilitated by the establishment of an appropriate legislative 

framework in 2016. This framework introduced the possibility of owning micro power plants powered 
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by renewable energy, with an initial capacity limit of 100 kW, later increased to 500 kW. As a result, 

significant consumer activity emerged, reflected in the annual doubling of solar power plant capacity. 

Today, active electricity end-users—prosumers—own solar power plants in Georgia with a combined 

capacity exceeding 250 MW. 

It should also be noted that one of the most important aspects of regulating micro power plants 

is the on-site consumption of the generated energy. This approach reduces the need for large 

investments in the development and reinforcement of networks required to fully meet consumer 

demand. In Europe, the average self-consumption rate of energy generated from micro power plants 

does not exceed 50%, whereas in Georgia, this figure exceeds 60%. Another significant factor is the 

reduction in electricity purchase costs for consumers, which has shortened the capital payback period 

for micro power plants to approximately five years. Recently, the regulatory framework for micro 

power plants has been revised in line with the recommendations of the Energy Community, 

transforming the net accounting settlement scheme into a net billing system. This change is expected 

to foster greater competition within the retail electricity market segment. 

 

Conclusion 

The energy economy and management in Georgia are currently in a transitional phase. The 

appropriate state policy aims to diversify the sector by increasing investments and implementing 

effective regulatory mechanisms within the framework of sustainable development. Promoting the 

growth of renewable energy and enhancing energy efficiency are key strategic priorities. 
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Abstract 

The paper explores alternative methods of electricity supply for Georgia’s mountainous and hard-to-

access regions, where the development of traditional grid infrastructure is technically and economically 

inefficient. The study aims to analyze the existing regulatory framework and identify legal mechanisms that 

would enable both distribution system operators and local communities to adopt non-traditional solutions - 

specifically, microgrids. The document reviews the experience of several European countries, including the 

Kythnos microgrid in Greece, the El Hierro system in Spain, and the Schoonschip Community in the 

Netherlands, where similar hybrid systems integrating renewable energy sources, diesel generators, and energy 

storage units are already in successful operation. 
The findings indicate that the establishment of an appropriate legal and technical framework for 

microgrids in Georgia represents an optimal solution, enabling both the private and public sectors to ensure 

reliable electricity supply to energy-isolated settlements. The study proposes two main approaches—prosumer 

cooperatives and a monopolistic distribution model—each requiring specific legislative and methodological 

adjustments. These measures could contribute to reducing energy poverty, ensuring fair tariffs, and strengthening 

the country’s overall energy security. 

 

Keywords: Microgrid, Renewable Energy, Regulatory Framework, Energy Community, Energy Poverty. 

 

Introduction 

      This document discusses possible non-traditional solutions for providing essential utility services 

— specifically, electricity — to unlit villages, settlements, and individual households located across 

Georgia’s territory. Due to the country’s complex mountainous topography, both the expansion and 

operation of the power grid in highland regions are extremely challenging. Moreover, the relatively 

small electricity demand in these areas renders the extension of the distribution network economically 

inefficient, complicating the decision-making process for the regulatory authority when imposing 

obligations on the distribution system operator (DSO). 

     The study reveals that specific mechanisms for addressing this problem already exist and are 

actively applied abroad. These experiences are briefly reviewed herein, as the document is not 

intended to serve as a technical evaluation. Based on the current legislative framework (including laws 

and sub-legal acts), the document analyzes how the regulatory environment can be improved to enable 

DSOs to supply consumers through alternative methods. 

     The research concludes that electricity supply to such settlements can be achieved through the 

development of a dedicated regulatory framework for microgrids. This would allow both the public 

and private sectors to create and operate small-scale hybrid networks incorporating renewable energy 

sources, diesel generators, and battery storage. Such a network would connect local consumers to a 

central node containing the control and storage infrastructure equipped with intelligent monitoring and 

management systems. While constant electricity supply may not always be guaranteed due to 

geographical factors, the technical and economic justification of such systems outweighs the costs of 

extending the main grid. 

      Until the 1990s, several high-mountain regions had functioning power lines, many of which were 

dismantled or looted and are now impossible to rehabilitate. Constructing new grid infrastructure in 

these areas is associated with complex engineering work and difficult maintenance conditions. During 
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winter, heavy snowfall often makes roads impassable, preventing any infrastructure-related activities 

until spring. Both overhead line installation and underground cabling are costly and technically 

challenging due to the terrain and lack of suitable machinery. Despite these obstacles, it is essential 

that, prior to the development of a microgrid, both the technical and economic criteria of the available 

alternatives are carefully evaluated, and decisions are made based on these assessments. 

In various regions of Europe, we encounter independent networks that supply electricity to local 

populations without being connected to the main grid. One of the first demonstration projects of this 

type is the single-phase microgrid located in Kythnos (Greece). This system consists of overhead 

transmission lines, underground cables, solar panels, a single diesel generator, and energy storage units 

(batteries). The infrastructure provides electricity to 12 houses situated in a small valley on the island 

of Kythnos, in the Cyclades, located in the heart of the Aegean Sea. The topology of the microgrid is 

structured as follows: 

 
Fig. 1. Topology of Kythnos Microgrid 

 

Each house is equipped with solar panels with a capacity of 10–12 kW, while the central collection 

point is equipped with a 53 kWh storage unit and a 5 kW generator. This network is unique for its 

smart control systems. The collection point includes a PLC (Power Load Controller) module, which 

receives information about power consumption from every house. Each individual household is also 

equipped with an ILC (Intelligent Load Controller), which automatically disconnects specific devices 

(such as water heaters or household appliances) when a critical load level is reached. This system 

ensures higher reliability of supply and optimizes network operation. 

Another example is found on the island of El Hierro (Spain), where an electrical network has been 

developed that combines a wind power plant — comprising five 2.3 MW turbines — with a hydro-

pumped storage power station featuring four 2.8 MW turbines. The El Hierro network is remarkable 

due to its technical configuration and the principles of its optimal operational design. 

      
Fig. 2. El Hierro Microgrid 
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The “Schoonschip Community” microgrid in the Netherlands is an excellent example of a new type of 

Renewable Energy Community established under the EU’s Fourth Energy Package. This microgrid 

consists of a cluster of floating houses, each equipped with solar panels and its own energy storage 

system. The network is connected to the main distribution grid; however, this connection operates 

primarily in an export mode, meaning that due to the optimal performance of the Schoonschip 

Community system, it functions largely independently from the main grid. 

 
Fig. 3. Schoonschip Community 

These microgrids were primarily developed through grant-based funding. For instance, the El Hierro 

microgrid was constructed with a €35 million grant, while the Kythnos network in Greece was funded 

through the national budget. It is worth noting that examples of well-established regulatory 

frameworks for such systems remain limited. This document therefore draws on the available 

European experience and explores new potential models that align with EU regulations while avoiding 

conflicts with the interests of domestic market participants. 

Regulatory Framework and Opportunities for Its Adjustment 

      The current national regulatory framework in Georgia, which could address this issue, has not yet 

been fully developed. According to the Georgian National Energy and Water Supply Regulatory 

Commission (GNERC) Resolution No. 10, adopted on 17 May 2014, the closest concept related to 

microgrids is defined as a Closed Distribution System (CDS). A CDS is a network that distributes 

electricity within a geographically limited industrial, commercial, or collective service area and does 

not supply electricity to household consumers. 

      The CDS concept is limited to commercial activities and expanding it to include residential users is 

not currently possible, as the definition has been directly transposed from EU regulations. 

Nevertheless, the updated Energy Package — Directive (EU) 2019/944 on Common Rules for the 

Internal Market for Electricity — allows for the recognition of CDS status for Citizen Energy 

Communities (CEC). 

To develop a regulatory framework for establishing microgrids in off-grid settlements, this document 

considers two possible models: 

1. Prosumer Cooperation Model 

2. Monopolistic Distribution Network Model 

The Prosumer Cooperation Model envisions the creation of a Citizen Energy Community (CEC) 

within an off-grid area, comprising local households. According to Directive 2019/944, CEC has the 

right to designate either a private or legal entity—or even a municipality—to construct, operate, 

maintain, and develop the local network. To legally operate such a system, the CEC must be registered 

as a Closed Distribution System and assigned an appropriate operator status, which the directive 

explicitly permits. 

Under these conditions, network activities could be carried out in such areas, funded through private, 

public, or grant-based components. However, this approach does not guarantee the establishment of 
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networks in all areas. In cases where grant or state funding is unavailable, private investment returns 

may remain uncertain due to the high costs of network construction and maintenance, coupled with the 

need to align tariff regulations with the financial capacities of vulnerable population groups. 

      The Monopolistic Distribution Network Model envisions granting specific rights and obligations to 

the network operator in such areas. Although under the current legislation Energo-Pro Georgia’s 

licensed service area is defined as the entire territory of Georgia excluding Tbilisi, in the case of off-

grid settlements, where no existing network infrastructure is present, this provision may be considered 

non-applicable. Consequently, it would be possible to authorize the establishment of a new subsidiary 

company under the distribution network operator, which would carry out electricity supply activities 

locally.According to Directive (EU) 2019/944, if a distribution system operator (DSO) serves fewer 

than 100,000 customers, it is permitted to engage in supply and generation activities alongside 

distribution. This provision aligns with the post-unbundling regulatory framework, effectively lifting 

legislative restrictions on DSOs under certain conditions. 

      The key challenge remains the recovery of investments. A useful analogy can be drawn from the 

gas sector, where tariff equalization mechanisms were introduced among various distribution operators 

to protect specific groups of consumers from excessive costs. To advance this concept, it is crucial to 

account for all relevant legislative and methodological details that could potentially hinder the 

implementation of such a strategy. 

Beyond these two primary approaches, it is also possible to classify this type of activity as non-

licensable. Given the vulnerable status of residents in mountainous regions, Energo-Pro Georgia could 

be authorized to establish microgrids in these areas. The related expenses would be incorporated into 

the distribution tariff and socialized across the broader customer base. 

Conclusion  

    The study concludes that the traditional approach to electricity supply in Georgia’s mountainous and 

remote regions—expanding the central distribution network—is technically, financially, and 

operationally inefficient. This reality necessitates the adoption of alternative, flexible, and sustainable 

solutions, among which microgrids represent the most viable model. 

     An analysis of European experience demonstrates that integrating microgrids with renewable 

energy sources, auxiliary generation units, and energy storage systems can enhance both supply 

reliability and environmental sustainability. In Georgia, the successful implementation of such a model 

requires the adaptation of the national regulatory framework to enable both Citizen Energy 

Communities (CEC) and Distribution System Operators (DSO) to deliver electricity to off-grid 

settlements. 

     Key challenges include the identification of appropriate financial instruments, the development of 

investment recovery mechanisms, and the maintenance of tariff fairness. Moreover, comprehensive 

techno-economic assessments are essential to ensure that microgrid development proceeds in a 

targeted and sustainable manner. 

Ultimately, promoting microgrid deployment will not only help reduce energy poverty but will also 

significantly strengthen the social and economic integration of mountainous regions, increase national 

energy system flexibility, and enhance Georgia’s overall energy independence. 
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Abstract  

     The article discusses the latest scientific achievements not only in the field of creating ecological batteries, 

but also in their utilization, in order to reduce the emission of toxic gases, including carbon dioxide, which is 

vital for the environment, within the permissible limits stipulated by international obligations. Continuous 

improvements in existing battery technologies, such as increasing the energy density of Li-Ion batteries and 

reducing the memory effect in NiMH batteries, contribute to their efficiency. These advances ensure that 

current battery types remain competitive and viable. 
 
Keywords: Ecological, battery,  Cathode, Anode, Electrolyte, Lithium nickel cobalt aluminium oxide 

LiNiCoAlO2, Lithium manganese oxid, cobalt oxides, Lithium Titanite. 
 

Introduction 

 Although numerous combinations of oxoanions (sulfate, phosphate, silicate) with various 

metals (mostly Mn, Fe, Co, Ni) have been studied, LiFePO4 is the only one that has been 

commercialized. Although it was originally used primarily for stationary energy storage due to its 

lowe. Lithium-ion batteries are known for their longevity. They typically last 10-15 years, depending 

on usage and environmental conditions. This means fewer replacements over time, making them more 

economical in the long run compared to other types of batteries.  . Global installed capacity of energy 

storage will increase 122-fold by 2040. Energy density is a crucial factor in determining battery 

efficiency. It measures the amount of energy a battery can store relative to its weight or volume. The 

higher the energy density, the longer the battery can power a device. Measurement methods include 

watt-hours per kilogram (Wh/kg) and watt-hours per liter (Wh/L). Batteries that have been "used" in 

electric vehicles can be used in stationary systems to store energy, but after that they must be 

destroyed. Which is produced mainly from fossil fuels or nuclear energyIn the new plant, old batteries 

will be crushed, the resulting material will be dried and milled. In addition, the process involves 

extracting the so-called "black powder". It includes valuable raw materials - cobalt, lithium, 

manganese and nickel. All that remains is to separate these materials. 

 Sodium-ion batteries are considered an alternative to lithium-ion batteries. The factors for comparing 

batteries are as follows: Availability Sodium is abundant (2.8% of the Earth's crust) Lithium is scarce 

(0.0017% of the Earth's crust). Energy density - 100-150 kWh/kg, cost - ~$50. Scientists have also 

produced the world's first diamond element with a lifespan of 5,700 years. 

The road to greener batteries is still a long one, but this study shows that the solutions may be simpler 

than we think. Sometimes nature already provides us with the tools we need.  

 The future of technology looks promising.  Most lithium-ion batteries are similar in design: a 

cathode with an aluminum substrate, a carbon or graphite anode with a copper substrate, a porous 

separator, and a lithium salt electrolyte in an organic solvent. Many manufacturers experiment with 

cathode and anode materials, and some vary the composition of the electrolyte. Because of this, 

different types of lithium-ion batteries vary in terms of energy density. 

mailto:nargiza.ormotsadze@atsu.edu.ge
mailto:Ketevan.tskhakaia@atsu.edu.ge
mailto:mariami.meskhishvili@atsu.edu.ge
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The table below lists popular lithium-ion battery chemistries with their advantages. 

LI-ION battery type specific energy capacity (WH/KG) positive  An „ecological“ battery has been 

created that absorbs carbon dioxide from the atmosphere when charging (November, 2019) A team of 

researchers at the Massachusetts Institute of Technology has developed a new method that can extract 

carbon dioxide from any stream.  

 The device is a special battery that absorbs carbon dioxide as it is charged and releases it as a 

continuous stream of pure carbon dioxide when it is discharged. The new battery device consists of a 

series of chambers, each containing electrochemical cells spaced a short distance apart, with a gas 

flow moving between them. The cell electrodes are coated with a complex composite material of 

carbon nanotubes called polyanthraquinone. The introduction of this technology will allow not only to 

reduce carbon dioxide emissions into the atmosphere, but also to produce a fairly large amount of 

clean CO2, which is usually produced by special enterprises that consume a large amount of energy, 

which is produced mainly by burning fuel or from nuclear energy. 

 

 Ecological battery, prospects for space exploration. The simplicity of the design creates 

interesting scenarios for use in extreme conditions, for example, in space. The ability to create green 

batteries using materials found on Mars is a significant advantage for human missions to the Red 

Planet. It eliminates the need to transport heavy batteries from Earth. The environmentally friendly 

battery is based on two electrodes. The graphene is immersed in a solution of water and clay. The real 

innovation is in the structure of the clay. Its layers contain tiny microscopic channels, just one 

nanometer thick. When these channels are filled with purified water, the liquid behaves amazingly. 

Water trapped in such narrow spaces becomes an “active fluid,” allowing opposite charges to be 

released when particles move between two electrodes. This mechanism is what allows the battery to 

store energy. The result is beyond expectations. These results, obtained using such simple and 

common materials, are astonishing. This isn't the only innovation in the field of batteries. Other 

technological advances have led to the development of all kinds of batteries, including paper batteries 

that can bend and take any shape. The combination of these developments suggests that the future of 

batteries could be very different from today.  

Sustainability and adaptability appear to be key features of the next generation of energy storage 

devices. Sweden has developed a liquid battery that can be shaped into any shape. Scientists at 

Linköping University (Sweden) have created a battery that bends, stretches and takes on any shape - 

just like toothpaste. The discovery, published in Science Advances, could revolutionize the world of 
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gadgets. The key to the discovery was the use of conductive plastics (conjugated polymers) and lignin, 

a by-product of the paper industry. These materials make the battery flexible and durable: it can 

withstand 500 charging cycles and stretch up to 200% of its original length.  

     Volkswagen is working on a concept for the recycling of used lithium-ion batteries. The group says 

it will start recycling used car batteries at its Salzgitter site - around 1,200 tons per year from 2020 - 

around 3,000 sets, according to the automotive group. This is an efficient process that recovers cobalt, 

lithium, manganese, and nickel for reuse. 

 

Conclusions 

 

1. The massive introduction of this technology will allow not only to reduce carbon dioxide emissions 

into the atmosphere, but also to produce a fairly large amount of clean CO2. 

2.  Lithium-ion batteries must be disposed of properly to protect the environment and prevent harmful 

impacts on nature and humans. 

3. Recent advances will make it possible not only to create ecological batteries, but also to resolve 

issues of their utilization, in order to reduce the pollution of vital atmospheric air with toxic gases, 

including carbon dioxide, within the permissible norm, as stipulated by international obligations. 
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Abstract 

The energy sector in the 21st century is experiencing significant transformations. Transition to renewable 

energy sources has become part of the global strategy, aimed both at mitigating climate change and strengthening 

energy security. For Georgia, as a small energy system country largely dependent on hydropower, diversification 

of energy consumption structure is particularly important. 

In this context, the "Net Billing" model is one of the main instruments, which allows consumers not only 

to satisfy their own consumption but also to supply excess electricity into the grid. 

This research aims to evaluate the efficiency of the net billing model in the context of Georgia’s energy 

system. The paper discusses net metering experience, international practices, economic and technical parameters, 

challenges related to transmission processes, as well as approaches to attract investor interest. Practical 

recommendations are provided for policy-making, investment stimulation, and renewable energy integration into 

the grid. 

 
Keywords: Net metering; Net billing; Renewable energy sources; Support mechanisms; Efficient models; Tariff. 

 

Introduction 

The global energy sector is transitioning to a more decentralized, renewable-based model, in 

which solar, wind, and small hydropower are significantly increasing their shares. One of the key 

issues of this transformation is how to arrange contractual and financial relations between transmission 

networks and consumers. 

Net metering and net billing represent two different settlement models [1]. They differ in both 

accounting of consumed/produced energy and in settlement methods. In Georgia, net metering was 

initially supported as an innovative stimulus for the introduction of small-scale generation, but 

gradually problems emerged, pushing a transition to a more flexible and fair model – net billing. In 

recent years, active regulatory and compensation rule changes have been introduced. The government 

initiative aims to fully transition from net metering to net billing starting January 1, 2027 [2]. 

 

Methodology 

The research is based on: 

– Regulatory documents and reports (GNERC official documents, "Promotion of Self-Consumption 

in Georgia: Policy Recommendations", annual reports); gnerc.org+2gnerc.org+2 

– Media sources and reviews; Galt & Taggart+3ebrdgeff.com+3ebrdgeff.com+3 

– International studies on the efficiency of net metering and net billing; National 

Academies+3ScienceDirect+3ScienceDirect+3 

– Demonstration examples. 

 

Net Metering vs. Net Billing — Concept and International Experience 

Net Metering (Net Accounting) 

Net metering is the process of bi-directional (reverse) accounting of the electricity generated by 

a micro-capacity power plant and fed into the grid versus the electricity consumed from the grid. In 

this case, the electricity produced and consumed are offset against each other. 

If, during the billing period the micro-capacity power plant generates more electricity than the 

mailto:power@gtu.ge
mailto:Salome.chigladze@yahoo.com
mailto:arabidze.natia@yahoo.co
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https://ebrdgeff.com/georgia/en/english-georgia-updates-net-metering-rules-for-microgeneration/?utm_source=chatgpt.com
https://www.sciencedirect.com/science/article/abs/pii/S2213138824004697?utm_source=chatgpt.com
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consumer has used from the grid, the excess (surplus) electricity supplied to the grid is considered as 

electricity provided by the consumer. The amount is reflected in the following month’s bill as a credit. 

     Ifduring the billing period the total electricity generated and credited (supplied to the 

distribution grid) is less than the amount of electricity consumed from the grid, the difference is 

considered as electricity purchased from the grid and is charged according to the consumer tariff. 

    At the end of the billing year (for example, May to May), the electricity credited on the bill is 

considered as purchased by the distribution company, which then makes the final settlement with the 

consumer based on the tariff set by the commission for purchased electricity. 

    After the end of the calendar year, the monetary value of the electricity credited on the bill 

may be reflected in the subscriber’s account and used in future settlements. Alternatively, at the 

consumer’s request, the company must transfer the amount to the consumer’s bank account within 

three working days [3]. 

Advantages: 

• Additional incentive for small producers – the consumer becomes a producer (prosumer). 

• Reduction of electricity costs – significantly reduces utility bills. 

• Reduction of the energy system load – especially during peak hours. 

• Environmental effect – the use of wind and solar energy reduces carbon emissions. 

Limitations and Risks: 

• Financial loss for distributors – fewer sales lead to reduced income for distribution companies. 

• Grid technical readiness – in some regions, the grid cannot ensure safe integration. 

• System sustainability – it becomes more difficult to maintain system stability as the share of 

renewables increases. 

• Technical grid limitations – if many consumers intensively produce electricity in the same 

section, voltage levels may be disrupted, and load management becomes more difficult. 

• Investment security risk – if the credit regime changes (e.g., the regulator decides to revise 

tariffs), the risks for investors increase. 

• Annual review mechanisms and unclear credit transfer rules often create uncertainty. 

In conclusion, under the net metering model, the consumer’s generated energy is directly 

deducted from their consumption. Excess energy is transferred to the grid and “stored” for a certain 

period (often until the end of the year). The consumer ultimately receives compensation at the same 

tariff as the retail electricity price. This model is especially attractive to consumers, as it significantly 

reduces the payback period of investments. 

 

Net Billing 

The Net Billing model represents one of the advanced mechanisms for integrating renewable 

energy into the grid. In this system, the consumer who generates electricity (e.g., through solar panels) 

sends the surplus amount to the common power grid and, in return, receives financial compensation at 

a specifically defined tariff. 

     Unlike net metering, where the consumer balances the quantity of electricity generated and 

consumed and receives credit at the same tariff as the retail price, in net billing the value of the 

“delivered” electricity is determined by another tariff — often lower or market-based. The consumed 

electricity, however, is purchased at the distributor’s retail tariff. 

     In net billing, excess energy is still transferred to the grid, but the consumer is compensated not at 

the retail tariff but at a special, usually lower rate, which may be based on the wholesale price or a 

tariff defined by the grid operator. Settlements are made monthly, not annually. 

    This model is more balanced, because on the one hand it maintains incentives for the development 

of small-scale generation, while on the other hand it avoids unfair redistribution of tariffs to other 

consumers [4]. 
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Technical requirements and processes. Economic and financial aspects: 

The net billing model requires accurate technical equipment and clearly defined contractual 

relationships between the energy company and the small producer. For successful implementation, the 

grid operator’s technical readiness is essential, as well as detailed contract terms: the tariff-setting 

mechanism, settlement period, market risks, etc. 

The net billing model is characterized by a more market-oriented structure. The consumer pays for the 

electricity consumed at the current market (retail) tariff, while receiving compensation for surplus 

electricity based on wholesale prices or administratively determined rates. 

Advantages: 

• Fair distribution of costs; 

• Investment stability under clearly defined tariffs; 

• Reduction of grid load. 

Limitations: 

• Lower compensation for electricity supplied to the grid — if the tariff is too low, the payback 

period for projects becomes lengthy; 

• High investment costs and long amortization period — for solar plants, the ROI (return on 

investment) is approximately 6–10 years; 

• Financial risks depending on fluctuations of market prices; 

 

International experience: 

In European countries (e.g., Germany, the Netherlands, Spain), the net billing system is widely 

implemented, especially in markets where price determination relies on market mechanisms. The 

transition from net metering to net billing was driven by the necessity of fair distribution of network 

costs [4]. 

International studies confirm that net metering is effective at the initial stage, but as the system grows, 

transitioning to net billing becomes necessary. 

 

Georgia’s Experience: History, Current Reality, and Regulatory Changes 

Historical Summary: 

Since 2017, net metering has been in effect in Georgia as a stimulus for small-scale generation. In 

2020, the capacity limit was increased to 500 kW. However, with the regulatory changes adopted in 

2025, the country began gradually transitioning to net billing. 

According to the new rules, consumers will pay the full retail tariff for electricity consumed from the 

grid, while for electricity supplied to the grid they will receive compensation at a special tariff 

determined by GNERC (Georgian National Energy and Water Supply Regulatory Commission) [5]. 

Latest Changes (Transition to 2027): 

 

In 2025, the regulator officially confirmed the decision that for new micro power plants, the net billing 

model will take effect starting January 1, 2027. With the transition to the net billing system, the 

benefits of reduced system and market operation service fees for micro power plants will be abolished. 

After the new system enters into force, GNERC will determine the conditions for both the purchase of 

electricity supplied by micro plants and the electricity consumed from the grid. 

Before the full transition to net billing in 2027, starting from October of the current year, it became 

possible for micro power plants up to 100 kW to join the net billing scheme in those distribution 

networks where the total installed capacity of such stations has exceeded 20% of the peak load. This 

specifically applies to the “Energo-Pro Georgia” network. However, the full countrywide transition to 

the net billing system will begin in January 2027. 

Additionally, the net billing system guarantees the purchase of electricity supplied by micro power 
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plants at the tariff set by the commission. At the same time, such consumers, like all other final 

consumers, will pay for system operation services along with the electricity supplied. 

According to the amendments made to the “Law on Energy and Water Supply” on June 10, 2025, 

GNERC was also granted the authority to define the net billing scheme for all consumers who, starting 

from January 2027, connect micro power plants to the distribution grid. 

Furthermore, until January 2033, all micro power plants that were connected under the net metering 

scheme before January 2027 will continue to enjoy the same conditions as at the time of connection 

[2]. 

Technical and Economic Assessment (Efficiency Indicators) 

Efficiency Components: 

The evaluation of net metering and net billing models can be made across several components: 

1. Consumer Economic Benefit – Net metering provides consumers with maximum economic 

benefit since the price of excess generated electricity is credited at the retail tariff. This 

significantly reduced the payback period (ROI) in Georgia. Under net billing, however, 

compensation is based on “avoided cost” or market value, which lowers direct financial 

benefits and extends the investment recovery period. 

2. Grid Efficiency – Net metering creates imbalances, as consumers receive electricity at the 

same price they “sell” it, while not contributing to the costs of maintaining the grid 

infrastructure. Net billing is more efficient for the grid, as it establishes a real balance between 

generated and consumed energy and avoids imposing additional financial burdens on the grid. 

3. Financial Transparency – Net billing distributes costs more fairly among all consumers, 

since part of the grid costs is no longer shifted onto those who do not own solar systems. 

4. System Sustainability and Grid Stability – The increasing share of solar energy causes 

technical difficulties: voltage fluctuations, the need for reactive power management, and local 

overloads. Net billing emphasizes self-consumption and reduces the risk of uncontrolled 

injections into the system, thereby increasing overall stability. 

Comparative benchmarks, risks and profit 

Indicator Net Metering Net Billing 

Investment 

incentive 
High Medium, if the billing tariff is low. 

Allocation of grid 

costs 
Unequal Fair allocation, unique calculation of costs 

Technical 

Integration 
Simple 

Requirement for smart metering, time-based meters, 

and grid management systems. 

Security of the 

investment 

High risk in case of 

regulatory changes 
More predictable conditions if the rules are clear. 

Customer 

engagement 
Simple for the user Complex billing, requiring record management. 

 

Key Challenges in Georgia 

In the development of the energy sector, the transition from net metering to the net billing in Georgia 

is a multi-layered process that requires the development of both technical and political-economic 

conditions. With the support of the Council of European Energy Regulators and the European Union, 

the Georgian energy association provides its own recommendations to effectively promote self-

consumption. The transition is taking place in stages and there is still a need to harmonize functional 

rules. For example, how monthly market settlements are determined, specific tariffs and compensation 

methodologies investment disagreements arise in this process, which somewhat increases the risk for 
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investors.  

➢ Technical readiness of distribution 

The widespread introduction of solar and small hydro generation in the country requires a major 

modernization of the grid. The integration of energy generated by such plants into the grid requires 

perfect voltage control, enhanced emergency protection, and expanded data monitoring systems. Many 

distribution networks may need to be upgraded to avoid creating technical constraints on the grid.  

➢ Financial justice and the tariff problem 

The method of charging consumers for energy generated directly affects investment incentives. If the 

avoided cost for excess energy is too low, investor interest decreases. Conversely, if the avoided cost is 

too high, other grid users may pay too much. Therefore, it is important to create a balanced, fair, and 

transparent tariff system that ensures stability for both investors and the grid. National Academies 

Press 

➢ Lack of stable policies and investor risk 

Uncertainty about regulations or frequently changing legislation increases the risk for investors, which 

directly affects the attraction of investments. Stable and predictable policies are necessary so that 

investors can plan financial and technical resources, and consumers can be confident in the reliability 

of the system.   

 Perspectives and recommendations: 

The goal of the transition to net billing is to effectively utilize decentralized solar systems without 

creating an imbalance between financial and technical interests. For this, we believe it is necessary to: 

Phase transition: 

The transition should be carried out in stages. From 2027, new plants will be subject to new rules, 

while existing systems will remain under the old conditions for a certain period, ensuring the stability 

of investments and protecting the interests of investors. An hourly compensation scheme should be 

provided to consumers and the grid, which will help optimize energy generation according to demand. 

Such an approach will ensure grid stability, reduce peak load and support services  [4].  

Technical modernization of the network: 

Distribution networks require voltage control devices, smart systems, and automated monitoring. 

International experience shows that the implementation of technical measures significantly reduces 

energy integration costs and increases system resilience. ScienceDirect 

Stimulating energy storage systems: 

Combinations of solar systems and batteries (self-consumption optimization) will reduce fluctuations 

in the electrical system and increase stable integration with the grid. Appropriate policies that will 

promote the commercialization of savings and enhance energy efficiency. 

Transparent monitoring: 

GNERC and energy agencies should provide regular reports on the number of systems, kilowatt-hours 

generated, balancing costs, and customer payments. This is necessary to adjust policies, inform 

investors, and ensure transparency in the system decision-making process. 

Conclusion 

The transition to net billing represents not only a strategic challenge for Georgia, but also an 

opportunity to increase energy independence and develop a green economy. The decision has both 

logistical and political-economic aspects. Recommendations Implementation requires coordinated 

action by governments, energy companies, regulators, and civil society: 

❖ The net accrual model should be introduced in stages, with a defined action plan, to allow the 

market to adapt; 

❖ It is necessary to have special, clearly formulated provisions that regulate the billing scheme, 

tariff determination, and rules for relations with energy companies; 

❖ Energy purchase/sale tariffs should be as close as possible to wholesale market prices, 

ensuring the economic viability of the system; 
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❖ It is necessary to introduce subsidies, tax breaks or special programs for batteries and energy 

storage systems; 

❖ Consumers should have access to time-differentiated tariffs and an accurate metering system; 

If this condition is met, Georgia will be able to maintain investment incentives, manage network costs, 

and achieve sustainable development of the energy system. 
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Abstract 

The article emphasizes that wave energy has been historically necessary for life and has been improved over 

time. It is noted that, naturally, people use various means as an energy source and strive for this purpose in terms 

of being the most efficient, environmentally friendly and economically effective.  

The depletion of fossil fuels and the world's increasing energy demand necessitate the use of renewable energies. 

Since most of the Earth's surface is water, wave energy is a sustainable resource. 

The article emphasizes that wave energy can be an existing energy source in the Caspian, Baltic, Barents and 

Black Seas in the near future and that it is being used in Portugal, Scotland, Australia, China, Israel, Japan, as 

well as in coastal regions of Europe, America and Asia. 

Currently, wave energy is presented as a renewable energy source in the context of energy production. The 

article emphasizes the advantages of using wave energy production in terms of reducing climate change and raw 

materials. 

 

Keywords: wave energy, wave power, energy demand, renewable energy, electric energy, kinetic energy 

 

The main part 

     Meeting the world's growing energy demand leads to a global search for energy solutions. 

Reducing dependence on depleting fossil fuels and activating the use of environmentally friendly and 

renewable energy sources is a real demand of today. 

    In this regard, since the Oceans make up approximately 71% of the Earth's surface, wave energy is a 

sustainable resource. 

    Due to the geometric structure of the Earth, alternative energy sources such as the Sun, Wind, and 

Wave energy are the means of creating each other. Thus, the Sun heats the Earth, but not to the same 

extent, some parts are heated more than others. Where the air leaves and empties, the denser and 

colder air sinks, creating wind. And of course, the wind will cause strong waves to form. Thus, as a 

result, it can be concluded that the Sun transfers energy to the wind, and the wind transfers energy to 

the waves. 

In regions where electricity is difficult to access, the development of renewable energy sources is an 

important condition. In the seas where wave energy is used, if the available wave energy is applied 

under efficient conditions, it is clearly effective. 

 

 
Fig..1. Wave energy 
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Since the oil crisis of the 1970s, engineers have proposed, developed and implemented many methods 

for the use of wave energy. 

Spatial data on wave energy in the Caspian, Baltic, Barents and Black Seas are being evaluated in the 

near future. 

In 2018, geographers from Moscow State University began creating a web atlas of existing wave 

energy and, using specially developed methods, obtained data on the energy potential of waves as a 

result of numerical modeling. 

Wave energy is an inexhaustible source of energy, and wave power is measured in kW/m. 

Wave power per unit length of wave crest is calculated using the following formula. 

 
 -wave power per unit length of the wave crest 

 -eksponensial dalğa hündürlüyü 

 -exponential wave height 

 -water density 

 -acceleration due to gravity 

Wave energy can be obtained from the ocean, sea or lake. This energy can be generated and created on 

the surface of the water. 

       Wave energy generating devices are used to convert the energy generated by the movement of 

waves into kinetic energy. The devices carry out this process by moving their parts up and down. The 

generated energy is transmitted to generators and distributed to the required locations through 

transformers and distribution boxes. 

Depending on the geographical conditions, wave energy systems can be simple or complex. 

        Many countries are already using wave energy effectively. The development of technology is 

increasing the efficiency of using wave energy every day. 

        Currently, Portugal, Scotland, Australia, China, Israel, Japan and many other countries are taking 

advantage of developing technologies in using wave energy. 

        The coastal regions of Europe, America and Asia give great importance to expanding cross-

border cooperation and knowledge exchange for wave energy projects. The west coast of Great Britain 

is considered to have more favorable conditions for wave energy. 

        Experiments show that installations located in the coastal waters, where the coastal strip is 

intensively formed, have a more favorable (better) impact on the environment. 

        Wave energy has minimal requirements in terms of land use, that is, with today's technology, 

large areas are needed to obtain wind and solar energy. Wave energy attracts attention with its stability 

and does not emit greenhouse gases. Since waves in the sea are always present, wave energy is 

considered renewable and, most importantly, it is a clean, pure and reliable energy. 

        There are great opportunities for using wave energy in coastal areas for energy production. Wave 

energy is an inexhaustible source of energy, and it also has the advantage of desalinating water, turning 

it into fresh water, and pumping it into reservoirs. A small area can be enough to receive a large 

amount of wave energy. This feature of wave energy is a very positive value. 

Since it is possible to convert harmful salt water into fresh water (for plants), wave energy can also be 

used effectively in agriculture. There is also the possibility of evaluating wave energy for the energy 

supply of ships (marine transport). 

It is known that. A large part of the Earth is made up of water and it is possible to create such waves in 

any body of water. Wave energy is obtained by converting the movement created by waves into 

electrical energy with the help of special turbines.  

Ocean wave energy is the energy carried by waves on the ocean surface. 

The wave power of the world's oceans reaches 2.7 billion kW. This accounts for 30% of the energy 

consumed in the world. 
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Fig. 2. Wave energy devices 

 

Considering all this information, the effectiveness of using wave energy as a renewable energy in the 

energy supply of the future is inevitable. 

According to the statistics of the 2024 report, in 2023, the total installed capacity of wave energy 

worldwide was 508 MW. The Republic of Korea (256 MW), France (212 MW) and the United 

Kingdom (24 MW) occupy the top three places. 

      The average wave height in the World Ocean is 2.5 m and the specific energy flux per 1 meter of 

the wave front is 75 kV/m. The specific energy flux of wind waves is estimated at 3 in the Sea of 

Azov, 6–8 in the Black Sea, 7–11 in the Caspian, 12–20 in the Okhotsk, 15–44 in the Bering Sea, 22–

29 in the Barents Sea, and 21–31 in the Japanese Sea (kV/m). As can be seen, wave energy, which is a 

clean and sustainable energy, has great potential. Various technologies are used to convert this energy 

into usable formats such as electricity. 

Existing flow energy converters can be conditionally divided into two groups by analogy with wind 

turbines. 

1. those based on the principle of converting high-speed pressure into rotational motion of turbines. 

2. converters based on physical principles. positive displacement pumps, elastic converters, etc. 

Also, wave energy devices can be divided into two main schemes: structures fixed to the seabed and 

structures floating in the water column, anchored to the bottom. 

     The first group of devices can also be presented as an improvement of water wheels. There are two 

main trends in this improvement. One of them is the actual improvement of the wheel's performance, 

and the second is fundamental changes in the wheel concept. In order to actually improve the 

performance, it is envisaged to optimize the design of energy transmission mechanisms, trusses, wings 

and use modern materials. (Fig. 4a) 

 
Fig. 3. Wave energy devices, seabed-attached structures and structures 

floating in the water column 



65 

 

The belt pulley requires less material and (Fig. 4 b) is more compact, less susceptible to atmospheric 

influences. Here, the device can be installed in the stream on pontoons, which allows the lower blades 

to enter the water, and the upper ones to remain dry. The simultaneous exposure of several blades to 

the stream increases the efficiency of speed pressure conversion. Increasing the number of blades does 

not significantly increase the torque on the blades. The installation of various folding mechanisms of 

the blades and an air chamber on the wheel is proposed to reduce the resistance to belt movement. 

(Fig. 4 c, d) 

 
Fig. 4. Evolution of the water wheel, a - prototype wheel; b - belt wheel on a floating base; 

c- a belt wheel in the thickness of the stream; d- a belt wheel with folding blades 

 

Various device variants are used in the development of energy converters. Among them, the controlled 

vane systems of the water analogue of the Darrieus turbine, the wheel operating in the form of a free 

propeller, create a hydrodynamic force that rotates the flow turbines around it (Figure 4a,c). 

Although significant progress has been made in recent years, problems remain related to the 

development of efficient wave energy converters and their integration into existing energy networks. It 

is for this reason that the issue of developing wave energy converters remains relevant. 

Wave energy technology is more expensive than mature renewable sources such as solar and onshore 

wind power. However, ongoing research and development efforts, combined with economies of scale, 

are expected to drive costs down in the future. 

The world's first two pilot wave power plants were commissioned in Norway in 1985 and connected to 

the electricity grid. The Wave Hydroelectric Power Plant, with a capacity of approximately 500 kW, 

consists of three main parts: a working fluid, a power converter with an electric generator, and a 

fastening system. The working fluid (solid, liquid, or gaseous) in direct contact with the water moving 

under the influence of waves changes the propagation conditions. The working fluid is composed of 

floats, elastic tubes, wave-receiving chambers, and breakwater structures. 

The functional principle of the operation of DES is to convert the potential energy of the wave into the 

kinetic energy of the pulsation, and the pulsations into a unidirectional force, thereby rotating the shaft 

of the electric motor. DES can be built in the water area near the coast, directly on the coast and in the 

open sea, or at various distances from the coast. It is clear that, as in all works, wave processes have a 

number of shortcomings, but the most advantageous feature of these devices is their environmental 

friendliness. 

The mounting system ensures that the wave device is held in place. Wave devices are distinguished by 

the type of kinetic or potential energy of the wind wave energy that the working body of the device 

converts into another type of energy. 
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         The pneumatic wave power plant is considered the most efficient wave power plant. 

Of the world's first two 450 kW wave power plants, the second involved a 147 m long narrow channel 

located 3 m above mean sea level. The location of wave power plants on the coast has advantages in 

terms of their maintenance and repair compared to others. 

One of the most successful attempts to effectively harness ocean wave energy to date is the Oceanlinx 

wave power plant in the waters of Port Campbell (Australia) (Fig. 5.), which was re-commissioned in 

2005, then dismantled again, and has been operating with modern technology since 2009. 

 

 
Fig.5. Oceanlinx Wave Power Plant (Australia) 

 

Conclusion. 

Wave energy is one of the most promising raw materials, a renewable energy source with the potential 

to help mitigate climate change. Wave energy attracts attention with its stability, is a publicly available 

resource and does not emit greenhouse gases. 

Its biggest advantage is that wave energy is available because waves in the sea are always present, and 

it is a clean, pure and reliable energy. 

A large part of the Earth is water, and it is possible to create such waves in any body of water. Wave 

energy has been historically necessary, has been improved over time, and its use is advantageous in 

terms of production and raw material. As a result, it can be concluded that the use of wave energy, as a 

type of raw material that is highly renewable for the world and life, is more efficient than the use of 

DES through improved devices. 
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Abstract 
The report presents information on the progress of professional training of installers of various renewable 

energy sources implemented at the Georgian Technical University over the past 3 years. In particular, the current 

practice in the direction of training installers of solar water heaters and photovoltaic panels, small-scale biomass 

stoves and surface geothermal heat pumps. The methodology for conducting theoretical and practical classes and 

the final exam for students is described. 

At the end of the report, the opinion is expressed that in a country rich in renewable energy sources, such 

as Georgia, it is necessary to widely introduce training for installers of relevant equipment and technical means 

in various technical higher educational institutions, which will undoubtedly contribute to the sustainable 

development of the country as a whole. 

Keywords: Energy, Sun, Biomass, Geothermal energy, Heat pump. 

 

1. Introduction. 

All started with the fact that Professor Gia Arabidze of the Georgian Technical University 

(GTU) developed a training program for installers of technical devices operating on renewable energy 

sources, which envisaged the training of installers of four different types of technical devices. Certain 

difficulties arose when planning the training under this program, which was related to the lack of time 

allocated for training, namely 75 academic hours to study the installation of four completely different 

technical devices operating on different principles. Therefore, the governing bodies divided the 

aforementioned program into four different programs. The current names of these programs are: 1. 

Installation of solar water heating panels; 2. Installation of small-scale biomass, boilers and stoves; 3. 

Installation of surface geothermal heat pumps and 4. Installation of solar photovoltaic panels. 

75 academic hours were allocated for each direction of study. The study was financed by the 

Georgian State Skills Agency with the assistance of the American organization JIZ. 

The above-mentioned programs, by order of the Council of the Faculty of Energy of GTU, are 

headed by Professors Evtikhi Machavariani, Maia Jikhvadze, Natia Ksovreli and Levan Robakidze. 

 

2. Theoretical training. 

Theoretical classes were conducted with professional groups of all four directions by the heads 

of the relevant programs, and if necessary, a certain number of classes were conducted by specialists in 

the field who were additionally invited. The programs also included training on labor protection and 

safety techniques, which was conducted by professors of the Department of Labor Protection and 

Safety of GTU. 

 
Fig. 1. Theoretical study. 
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Theoretical classes were held in well-equipped auditoriums at the GTU Professional 

Development Center, where various demonstration facilities were used (Fig. 1). Theoretical classes 

discussed physics issues related to physical phenomena and processes occurring in the relevant 

equipment of the program. The characteristic values of electric and thermal fields and methods for 

calculating them were discussed. As well as the relationship between pressure and temperature, the 

laws of photoelectric conversion and heat transfer, and other specific processes occurring in the 

relevant technical equipment of the program. 

3. Practical classes. 

Practical classes were held both at the Georgian Technical University and at various technical 

facilities. 

First, we introduced the trainees to various installation tools and equipment. These classes were 

held in the GTU training auditorium. We also taught them how to use work clothes and protective 

headgear (Fig. 2). 

 
 

Fig. 2. Practical training on the use of work clothes and installation tools. 

 

Solar water heating panel installers received practical training in the training laboratory of the 

Department of Thermal Energy Equipment, Alternative Energy Sources and Energy Audit of GTU, 

which, with the assistance of the Georgian Energy Efficiency Foundation (Head Mr. Giorgi 

Abulashvili), is equipped with the latest type of solar water heating equipment operating on three 

different principles (Fig. 3). 

 

 

Fig. 3. Practical classes on the installation of solar water heaters. 

 

Practical training for installers of biomass, boilers and stoves, as well as heat pumps powered by 

surface geothermal energy, was held at the Georgian Green Engineering Center (headed by Mr. Zaal 

Kheladze) located in the village of Bazaleti, where interns were taught the rules for installing relevant 

technical equipment (Fig. 4). 

As for the students of the solar photovoltaic panel assembly group, they underwent practical 

training both in the training laboratory and on the roofs of the GTU Energy Faculty's academic 

building, where a 200 kW solar power plant is located (Fig. 5). 
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Fig. 4. Study of a heat pump operating system and a biomass-fired stove at the 

aforementioned  Green Engineering Center. 

  

Fig. 5. Practical lessons on installing solar photovoltaic panels. 

 

4. Learning outcomes. 

The above-described training was conducted in 2023 ÷ 2025 in a total of 5 different four-group 

streams. There were 40 trainees in each stream. A total of 199 trainees were accepted. A total of 187 

trainees completed the training and passed the exam. The final exam was conducted in both theoretical 

issues and installation rules and methods (Fig. 6). According to our information, the majority of our 

graduates work in various enterprises that install small energy installations operating on various 

sources of renewable energy in different regions of Georgia. Some of them also work abroad. 

 
Fig. 6. Exam of students in theoretical issues. 

5. Conclusion. 

In our opinion, professional training of installers of small energy installations operating on 

various renewable energy sources, in a country rich in natural renewable sources like Georgia, should 

be widely implemented in all technical higher education institutions of the country, which will 

undoubtedly contribute to the sustainable development of Georgia and make a significant contribution 

to the process of achieving the country's energy independence. 
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Abstract 

For the Georgian power grid, operating in synchronous mode with a large neighboring power grid is 

still much safer and more reliable in terms of dynamic stability than operating in isolated mode. This is due to 

the following factors: 

1. In isolated mode, Georgia's consumption averages around 2,000 MW and any disruption is very 

sensitive to frequency fluctuations; 

2. During synchronous operation with a neighboring power system, the Georgian power grid is unified 

with the neighboring power system and the total consumption is at least doubled, therefore, during the same 

disturbance, the frequency fluctuations are at least half as small. 

The article discusses options for using a battery energy storage system, how the power grid becomes 

dynamically resilient to any disturbances and more reliable when operating in isolated mode. 

 

Keywords: Battery energy storage system, Georgian power system, megawatt, MWh, lithium-ion 

battery, flow batteries, DigSilent PowerFactory. 

 

Introduction 

The selection of the type of battery energy storage system for regulating a 2000 MW power 

system depends on the specific requirements of the system, such as capacity, duration, response speed, 

and purpose of use, such as: frequency regulation, peak load management, renewable energy 

integration, etc. 

Consider the following options for battery energy storage systems: 

1.     Lithium-ion batteries - the most common choice due to their high efficiency, fast response, and 

high energy density. Ideal for frequency regulation and short-term storage with a duration of 1-4 

hours; 

2.    Flow batteries - suitable for longer storage of 4-10 hours, as their energy storage capacity is easily 

expanded and less efficient for rapid response; 

Power and duration: 

1.    For a 2000 MW power system, the capacity and energy capacity of the battery energy storage 

system should be determined according to the system requirements. For example, if a 10% backup 

capacity of 200 MW is required, the capacity of the battery energy storage system can be 200 MW/800 

MWh, corresponding to an average storage of 4 hours; 

2.     For frequency regulation, a relatively short-term battery energy storage system of 200 MW/400 

MWh, respectively with 1-2 hours of storage, is sufficient; 

3.       For peak load or renewable energy integration, the capacity of the battery energy storage system 

can be up to 200 MW/1600 MWh, with 4-8 hours of storage, respectively. 

 Technical specifications: 

1.    Response speed - the lithium-ion battery energy storage system provides a response in 

milliseconds, which is necessary for rapid frequency regulation; 

2.      Number of cycles - Lithium-ion batteries offer 3000-5000 cycles, which ensures long-term 

operation; 
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3.     Efficiency - Lithium-ion battery energy storage system is 85-95%, while flow batteries are 65-

80%. 

 Purpose of use: 

1.       Frequency regulation - lithium-ion battery energy storage system with a capacity of 50-200 MW, 

with fast response; 

2.       Peak load management - battery energy storage system with a capacity of 200-500 MW for a 

period of 4-6 hours; 

3.      Renewable energy integration - flow batteries or lithium-ion battery energy storage system for 

long-term storage. 

 Economic aspects: 

          The cost of a lithium-ion battery energy storage system is currently $300-400 per kWh, while 

flow batteries are more expensive but are more economical in the long run. 

The integration of renewable energy, including solar and wind power plants, is important in 

the Georgian power system, but it should be noted that when operating in isolated mode, frequency 

regulation is carried out by means of regulating hydroelectric power plants. The integration of large-

scale solar and wind power plants requires the inclusion of a battery energy storage system into the 

power system. For example, when: 

1.      Georgia's consumption accounts for 400 MW of solar energy. A 100 MW battery energy storage 

system with 400 MWh of energy is sufficient for regulation, meaning 4 hours of energy storage. It will 

be able to store excess energy during the day and supply it to the system in the evening; 

2.      Georgia's consumption accounts for 400 MW of wind energy. In this case, a 200 MW battery 

energy storage system with 800 MWh of energy is sufficient for regulation, meaning 4 hours of energy 

storage, and will be able to cope with variability. 

         The change in electricity generation from solar and wind power plants is not developing very 

quickly, so in this case, a battery energy storage system with flow batteries is a feasible solution. 

 

Methods and Methodology 

          A software simulation of the Georgian power system was conducted in the “DigSilent 

PowerFactory” program for various concerns to demonstrate the need for a battery energy storage 

system. 

         The program included the characteristic parameters of the Georgian power system, as well as the 

on or off status of various devices. 

         Software simulations were conducted for maximum and minimum consumption modes in winter 

and summer. 

 Result 

         In the Georgian power system, frequency is regulated only by speed regulators. 

         In these scenarios, the power increase rate of the generators of prospective hydropower plants is 

selected to be 3.33%/s of the installed capacity. The power increase rate of the existing units, on which 

a speed regulator will be installed in the future, is also selected to be 3.33%/s of the installed capacity.  

 

1. Winter maximum consumption mode 

Speed regulator on only one unit of promising stations. 

         In this scenario, a simulation of the shutdown of a generator loaded with 113.5 MW and an inter-

system line was carried out. The load of the inter-system line changes from 200 MW to 400 MW 

inclusive in steps equal to 100 MW of power. The frequency change curves obtained as a result of the 

simulation are presented in Figure N1. Shutting down a generator loaded with 113.5 MW of power, in 

the considered mode, leads to a decrease in the frequency to the threshold for automatic activation of 

the "Automatic Frequency Unloading". Shutting down an inter-system line loaded with different 

powers leads to the activation of the "Automatic Frequency Unloading" automatic.  
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Fig. №1 

          The maximum dynamic frequency deviation and disturbance magnitude observed in the 

Georgian power system during each simulation are presented in Table №1 and Table №2. 

Table №1 

 

Magnitude of concern, MW 113.5 200 300 400 

Maximum dynamic frequency deviation, Hz 1,00 1,14 1,33 1,52 

Table №2 

Magnitude of concern, MW Number of steps activated Total consumption off, MW 

113,5 0 0 

200 2 117,05 

300 4 272,10 

400 6 413,30 

 

2. Winter minimum consumption mode 

Speed regulator on only one unit of promising stations 

In this scenario, the shutdown of an 80.5 MW generator and an inter-system line loaded with 

different capacities was simulated. The inter-system line load changes from 150 MW to 250 MW in 

steps equal to 50 MW. The frequency change curves obtained as a result of the simulation are 

presented in Figure N2. Shutting down an 80.5 MW generator, in the considered mode, leads to a 

decrease in the frequency to the threshold for automatic activation of the "Automatic Frequency 

Unloading". Shutting down an inter-system line loaded with different capacities leads to the activation 

of the "Automatic Frequency Unloading" automatic. 

 
Fig. №2 
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The maximum dynamic frequency deviation and disturbance magnitude observed in the Georgian 

power system during each simulation are presented in Table №3 and Table №4. 

Table №3 

Magnitude of concern, MW 80,5 150 200 250 

Maximum dynamic frequency deviation, Hz 1,00 1,22 1,34 1,46 

Table №4 

Magnitude of concern, MW Number of steps activated Total consumption off, MW 

80,5 0 0 

150 3 125,06 

200 4 171,38 

250 5 217,14 

 

3. Summer maximum consumption mode 

Speed regulator on only one unit of promising stations 

In this scenario, the shutdown of a 91 MW generator and an inter-system line loaded with 

different capacities was simulated. The inter-system line load changes from 200 MW to 500 MW 

inclusive in steps equal to 100 MW. The simulation results are presented in Figure N3. Shutting down 

a 91 MW generator, in the considered mode, causes the frequency to decrease to the threshold for 

automatic activation of the "Automatic Frequency Unloading". Shutting down an inter-system line 

loaded with different capacities causes the "Automatic Frequency Unloading" to be activated. In the 

case when an inter-system line loaded with 500 MW was disconnected, the "Automatic Frequency 

Unloading" automation turned off those interconnections on which the frequency setting was 48.5 Hz. 

 
Fig. №3 

 

The maximum dynamic frequency deviation and disturbance magnitude observed in the Georgian 

power system during each simulation are presented in Table №5 and Table №6. 

Table №5 

 

Magnitude of concern, MW 91 200 300 400 500 

Maximum dynamic frequency deviation, Hz 0,80 1,01 1,21 1,41 1,60 

Table №6 

Magnitude of concern, MW Number of steps activated Total consumption off, MW 

91 0 0 

200 3 211,36 

300 5 347,31 

400 7 493,68 
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4. Summer minimum consumption mode 

Speed regulator on only one unit of promising stations 

In this scenario, a simulation of the shutdown of a 98 MW-loaded unit and an inter-system line 

was carried out. The load of the inter-system line changes from 200 MW to 300 MW inclusive in steps 

equal to 100 MW of power. The simulation results are presented in Figure N4. The shutdown of a 98 

MW-loaded unit, in the considered mode, leads to a decrease in the frequency to the threshold for 

automatic activation of the "Automatic Frequency Unloading". The shutdown of an inter-system line 

loaded with different powers leads to the activation of the "Automatic Frequency Unloading" 

automatic. 

 
Fig. №4 

 

The maximum dynamic frequency deviation and disturbance magnitude observed in the Georgian 

power system during each simulation are presented in Table №7 and Table №8. 

Table №7 

Magnitude of concern, MW 98 200 300 

Maximum dynamic frequency deviation, Hz 0,80 1,15 1,43 

Table №8 

Magnitude of concern, MW Number of steps activated Total consumption off, MW 

98 0 0 

200 4 176,89 

300 7 310,97 

 

Conclusion 

1.       A 2000 MW power system requires a lithium-ion battery energy storage system with a capacity 

of 100-300 MW and an energy capacity of 400-1200 MWh, which is the most practical choice for 

short- and medium-term storage; 

2.      Long-term storage means 8 hours or more, and flow batteries or a hybrid system are appropriate; 

3.         For the Georgian power grid to operate in synchronous mode with neighboring power grids, it 

is important to regulate the flow (export-import), and the importance of the battery energy storage 

system is also important in this case; 

4.      For the Georgian power grid, when operating in asynchronous mode with the neighboring power 

grid, meaning HVDC, in the event of an emergency interruption of the flow (export-import) until its 

restoration, which takes approximately half an hour from the supply of voltage from Turkey to start 

the export-import, the battery energy storage system must immediately supply or receive energy 
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according to the need and during this time continuously maintain the flow (export-import) value set by 

the schedule, so that the existing automatics do not come into operation. 

 

References 

1. მუსელიანი თ., ვახტანგაძე ი., ვახტანგაძე გ., ბურდიაშვილი ო., ჯინჭველეიშვილი ბ.,  

ყამარაული ა. 100 მგვტ სიმძლავრის ბატარეას ელექტროენერგიის დამაგროვებელი 

სისტემის ორმხრივი ნახევარგამტარული გარდამქმნელის მართვის იმიტირებული 

მოდელი ენერგიის მართვის სისტემის გამოყენებით. სამეცნიერო-ტექნიკური 

რეფერირებადი ჟურნალი „ენერგია“, 2025, №1(112), გვ. 5-13. 

2. მუსელიანი თ., ვახტანგაძე ი., ვახტანგაძე გ., ბურდიაშვილი ო., ჯინჭველეიშვილი ბ.,   

ყამარაული ა. 200 მგვტ სიმძლავრის ბატარეას ელექტროენერგიის დამაგროვებელი 

სისტემის ორმხრივი ნახევარგამტარული გარდამქმნელის მართვის იმიტირებული 

მოდელი ენერგიის მართვის სისტემის გამოყენებით. სამეცნიერო-ტექნიკური 

რეფერირებადი ჟურნალი „ენერგია“, 2025, №1(112), გვ. 27-34. 

3. Museliani T., Museliani G., Jintchveleishvili B. Foreign Experience of Electricity Storage Systems. 

Proceedings of 1st international Energy Systems Engineering  Congress INESEC 2024, 18-19 October, 

2024 Kutaisi, Georgia, pp. 24-25.   

4. მუსელიანი თ., ჯინჭველეიშვილი ბ. ელექტროენერგეტიკული სისტემის დინამიკური 

მდგრადობის შენარჩუნება ნებისმიერი მყისიერი შეშფოთებების დროს ბატარეას 

ელექტროენერგიის დამაგროვებლი სისტემების გამოყენებით. სამეცნიერო-ტექნიკური 

რეფერირებადი ჟურნალი „ენერგია“, 2024, №1(109), გვ. 20-27. 

5. ჯინჭველეიშვილი ბ. ელექტროენერგეტიკული სისტემის დინამიკური მდგრადობის 

კვლევა 500კვ ქ/ს „ქსანი-500“-ის მიმდებარედ 200 მგვტ-ის სიმძლავრის ბატარეას 

ელექტროენერგიის დამაგროვებელი სისტემის გამოყენებით. სამეცნიერო-ტექნიკური 

რეფერირებადი ჟურნალი „ენერგია“, 2024, №1(109), გვ. 36-39. 

6. მუსელიანი თ.,  ჯინჭველეიშვილი ბ. ელექტროენერგეტიკული სისტემის დინამიკური 

მდგრადობის გაუმჯობესების შესაძლო ვარიანტების განხილვა, ბატარეას 

ელექტროენერგიის დამაგროვებელი სისტემის და ფოტოელექტრონული სისტემის 

დანერგვით საქართველოში. სამეცნიერო-ტექნიკური რეფერირებადი ჟურნალი „ენერგია“, 

2024, №1(109), გვ. 40-48. 

7. მუსელიანი თ.,  ჯინჭველეიშვილი ბ. საქართველოს ელექტროენერგეტიკული სისტემის 

დინამიკური მდგრადობის ანალიზი ბატარეას ელექტროენერგიის დამაგროვებელი 

სისტემებში ინტეგრირებული ორმხრივი ნახევარგამტარული გარდამქმნელების და 

ენერგიის მართვის სისტემის გამოყენებით. სტუ-ის შრომები, SCOPUS CODE 2105, 2024, 

№4(534),                გვ. 146 – 154. 

8. მუსელიანი თ.,  ვახტანგაძე ი., ჯინჭველეიშვილი ბ. გამანაწილებელ ქსელში ბატარეას 

ელექტროენერგიის დამაგროვებელი სისტემების შერჩევისა და მათი მდებარეობის 

ანალიზი. სამეცნიერო-ტექნიკური რეფერირებადი ჟურნალი „ენერგია“, 2024, №2(110), გვ. 

11-23. 

9. მუსელიანი თ., ჯინჭველეიშვილი ბ., ყამარაული ა. ბატარეას ელექტროენერგიის 

დამაგროვებელი სისტემების გამოყენებით ქვეყნის გადამცემი სისტემის უსაფრთხო 

მუშაობის უპირატესობები. სამეცნიერო-ტექნიკური რეფერირებადი ჟურნალი „ენერგია“, 

2024, №3(111), გვ. 5-10. 

 



77 

 

10. ჯინჭველეიშვილი ბ. დიდი სიმძლავრის ელექტროენერგიის დამაგროვებლები 

ელექტროენერგეტიკული სისტემის რეჟიმული მდგრადობის  უწყვეტ რეჟიმში 

შენარჩუნების უზრუნველყოფისათვის  და კონკურენტული ბაზრების 

განვითარებისათვის საქართველოში. სამეცნიერო-ტექნიკური რეფერირებადი ჟურნალი 

„ენერგია“, 2023, №1(105), გვ. 13-21. 

11. Museliani T. Jintchveleishvili B. In order to increase the stability of the electric power system, 

installation of battery energy storage system near 500 kv substations and justification of its need. 

International organization of  scientific research – IOSR-JEEE. E-ISSN:2278-1676, p-ISSN:2320-

3331, Volume 18, Issue 4 Ser. I (July.-August. 2023), pp. 12 – 15.   

12. მუსელიანი თ., ჯინჭველეიშვილი ბ. ბატარეას ენერგიის დამაგროვებელი სისტემა, 

რომლის მიზანია გახადოს ენერგეტიკის სექტორი უფრო ხელსაყრელი, კლიმატთან და 

გარემოსთან მიმართებაში. სამეცნიერო-ტექნიკური რეფერირებადი ჟურნალი „ენერგია“,  

2023, №2(106), გვ. 24 – 36. 

 

13. მუსელიანი თ., ჯიჭველეიშვილი ბ. ელექტროენერგიის დამაგროვებლების გამოყენების 

ეკონომიური ეფექტურობა ენერგოსისტემაში. სერია: „ენერგეტიკის თანამედროვე 

პრობლემები და მათი გადაწყვეტის გზები“, სამეცნიერო-ტექნიკური რეფერირებადი 

ჟურნალი „ენერგია“, 2023, №3(107), გვ. 42-45. 

14. მუსელიანი თ., ჯინჭველეიშვილი ბ. კონკურენტული ბაზრების პირობებში 

ელექტროენერგეტიკულ სისტემაში ელექტროენერგიის დამაგროვებლების ეკონომიკური 

სარგებლიანობის შეფასება. სამეცნიერო-ტექნიკური რეფერირებადი ჟურნალი „ენერგია“, 

2023, №1(105), გვ. 22-27. 

15. Jintchveleishvili B. In order to increase the stability of the electric power system, installation of 

energy storage near 500 kv substations and justification of its need. Scientific-technical refereed 

journal „Energy“. 2022, №3-4(103-104), pp. 90–95. 

16. ლოლაშვილი მ. (2023). English For Power Engineers//Journal- საქართველოს სახელმწიფო 

ელექტროსისტემა. №1/2023. 4115.  

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 



78 

 

SOLAR ASSISTED FLOATING DOME AND PORTABLE BIOGAS 

REACTOR 
 

Abdussamed ÖZDEMİR1, Yılmaz AKGÜNEY2 

  Necmettin Erbakan University,  
1Biosystem Engineering, Ereğli Faculty of Agriculture, Ereğli, Konya, Türkiye, 

ao563725@gmail.com 
2Energy Systems Engineering, Faculty of Engineering, Konya, Türkiye, 

yakguney@erbakan.edu.tr 
 

Abstract 

Biogas, an energy source, is striving to become a leading source of renewable energy production. In recent years, 

the use of animal manure in anaerobic biogas systems has become highly suitable for energy production due to 

its high performance, low cost, energy efficiency, and the potential for utilizing manure as waste. Despite 

possessing sufficient organic waste potential, many countries have not been able to adequately implement and 

expand individual (family-style) biogas production and use in rural areas. This study designs a mobile biogas 

production reactor system that can be used for home heating, cooking in ovens, stoves, and ranges, greenhouse 

heating, and, when necessary, for lighting in rural areas worldwide. The investment cost of this system is 

calculated, annual revenues and expenses are presented, and solutions to practical problems are presented. The 

system utilizes flat-plate solar collectors for heating and photovoltaic solar panels for mixing, storing and 

utilizing electrical energy generated for use when needed. The gas storage system is self-contained and can be 

stored at different locations if needed. Models for this system were constructed and solved, the relationship 

between the gas production process and system parameters was examined, and the results were compared and 

interpreted. This study is of significant quality and will contribute positively to industry, scientific research, and 

potential users. This system will accelerate the delivery of a new energy source to rural areas. Livestock will 

increase for biogas production, and biogas and biofertilizers will increase plant production in greenhouses and 

open fields. It will also make a significant economic contribution to the families and countries using it. 

 

Keywords: Biogas, anaerobic fermentation, portable biogas reactor, solar-assisted, floating dome fermentor. 

 

1. INTRODUCTION 

Energy production studies worldwide have focused on alternative energy sources. While 

biogas production from animal and plant waste has significant potential, it is not being utilized to the 

desired extent, particularly in rural areas. 

In countries where biogas systems are widespread, all types of organic waste are processed in 

biogas production facilities to produce energy. It is known that the fertilizer generated from biogas 

applications, in addition to providing energy, also contributes to agricultural production. Despite this, 

many people engaged in animal husbandry in rural areas worldwide incinerate the animal manure 

produced. This situation also poses a significant harm to the national economy. Burning animal waste 

as dung not only fails to provide sufficient energy but also hinders its utilization as fertilizer. Biogas 

production, which is believed to significantly contribute to meeting the energy needs and fertilizer 

deficits of the population living in rural areas, a large portion of which is engaged in animal 

husbandry, is considered a viable alternative energy potential. 

Individual use of biogas systems utilizing animal waste in rural areas is not common. The 

failure to expand individual use is due to many negative reasons. 

Our preliminary research identified these negative factors as inadequate knowledge and 

organization, maintenance and operational difficulties, and high costs. Taking these factors into 

account, a biogas reactor system was designed to address the manufacturing, maintenance, operational 

difficulties, and high costs. This system, which utilizes organic matter, particularly animal waste, as 

raw material, can be implemented in rural areas and can be easily used individually by any family in 

need. Heating and mixing are provided by solar energy. The reactors are designed as modular, 

movable domes, including both production and storage tanks. This design, which can be used 

individually or with intermittent feed, avoids the use of automatic controls as much as possible. It is 

mailto:ao563725@gmail.com
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designed to address the challenges encountered in individual use in rural areas and to be highly user-

friendly, allowing for use in diverse climatic conditions. Both experimental and real-world 

applications can be implemented. 

In biogas production systems, design and reactor temperature are the two most important 

factors. Since cattle manure will be primarily used in the biogas system, mesophilic fermentation is 

employed. For this purpose, the design considered a reactor operating in the mesophilic zone for 

animal waste. The optimum biogas production temperature for methanogenic bacteria living in cattle 

manure, which produce methane in anaerobic fermentation, is around 37°C. The system will be well 

insulated, but this is often insufficient. To maintain this temperature, an external energy source and a 

reactor heating system are required. By compensating for reactor heat loss through a burner, 15-40% 

of the produced biogas is wasted, depending on current climate conditions, operating temperature, and 

reactor thermal insulation. In this study, this energy will be provided by solar energy. The desired 

results of this study can be summarized as follows. 

To reduce the negative impacts of animal waste on the environment, 

To introduce a suitable biogas technology to local people in rural areas through practical 

application, 

To contribute to its conversion into economic value, 

To transfer knowledge and experience and share the results, 

To assist in the dissemination of biogas technology in rural areas, 

To conduct pilot applications in villages with suitable animal waste potential, 

To identify problems in biogas use in rural areas and find solutions, 

To provide heating with hot water generated from the sun and mixing with electricity 

generated from the 

    sun, 

To manufacture a suitable biogas reactor system on an experimental scale, 

To operate this reactor and examine it experimentally in a real-world environment, 

To identify emerging problems and conduct modeling and modeling studies, 

To apply analytical and numerical solutions where necessary, 

To interpret the obtained theoretical, experimental, and real-world application results 

together. The main 

    objectives of this study are to present solutions and share the results in an academic 

environment. 

 

2- RELATED STUDIES 

 

Biogas is known to have been used for various purposes by the Assyrians in the 10th century 

BC and the Persians in the 16th century AD. Research on biogas has spanned over a century 

worldwide. Numerous studies have been conducted over this period, and the results obtained from 

these studies have contributed to the development of biogas systems. Methane, the main component of 

biogas, was first discovered in swamp gas by the British researcher Volta. Gotas also discovered that 

methane is produced by the decomposition of organic matter in an oxygen-free environment [1]. The 

Gobar gas research station was established in India to prevent the incineration of animal manure. It 

was demonstrated that gas could be produced using simple methods in these biogas plants, and that 

degassed manure could be used efficiently in agriculture [2]. In the People's Republic of China, fixed-

dome biogas generators have been built and operated to meet the cooking and lighting needs of 

approximately 7 million families [3]. Biogas systems, which are very advantageous, are not widely 

used as they should be in countries where animal husbandry is widespread and therefore has a 

potential for animal waste [4]. Biogas studies were presented to users in journals and books before 
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1980, and efforts to disseminate them began [5]. Before 1980, biogas studies were conducted under 

inadequate conditions in some universities and public institutions. 

The first biogas plant was initiated in 1957 at the Soil and Fertilizer Research Institute [6]. 

Studies on biogas were continued, and pilot plants were established on some state farms in the 1960s 

[7]. In 1963, eight biogas plants were established within the Soil and Water Research Institute of the 

Ministry of Agriculture: five at the Eskişehir Soil and Water Research Institute, two in villages around 

Eskişehir, and one at the Çorum experimental station. These plants continued until 1969 [8]. Despite 

some good results, some of these plants were left unfinished or abandoned after a period of use 

because they failed to achieve the desired efficiency [9].  

However, studies were initiated after 1980, supported by UNICEF with technical knowledge 

and finance, and coordinated by the State Planning Organization. Institutions such as the Ministry of 

Agriculture and Forestry, the Ministry of Energy and Natural Resources, as well as organizations such 

as MTA and TOPRAK-SU, participated in these studies. The aim was to popularize biogas plants in 

rural areas, starting in the eastern provinces. The studies were first initiated with the establishment of a 

35 m3 plant at the Muş-Alpaslan State Production Farm [10]. Pilot plants were established and tested 

under different climatic conditions at various state production farms. In 1982, TOPRAK-SU was given 

responsibility for the subject, and 1000 biogas systems of 6, 8, 12, and 50 m3 sizes were established 

with government loans limited to USD 1600 and with 16% annual interest rate provided to villagers. 

Furthermore, between 1984 and 1987, research projects on biogas were conducted at the Rural 

Services Research Institute in Eskişehir, Ankara, and Erzurum [11]. Furthermore, during these years, 

projects of small-scale biogas plants were presented to users in journals and books, and dissemination 

efforts were initiated [5]. The systems established were Indo-Chinese type systems, with some 

modifications [13].  

These studies were also unsuccessful due to organizational deficiencies and communication 

gaps between projects. The most important reason for the inefficiency of the implemented applications 

is the inability to maintain the reactor temperature at the desired level. Studies on biogas were 

suspended in Turkey after the 1980s [15]. The use of biogas in rural areas, especially for heating and 

cooking, is considered economical for Turkey [15]. The amount of biogas that can be produced from 

animal waste alone in Turkey is estimated to be 2.2–3.9 billion m3 [16]. The biogas potential that can 

be obtained from animal waste is approximately 53.6 PJ energy equivalent [17]. The main reason for 

the failure of rural biogas systems to become widespread is the failure to offer end users systems that 

are technically, economically, and socially sustainable. Biogas systems with low investment costs, 

high efficiency, and easy to install, use, and maintain should be designed by taking into account the 

climatic conditions and production possibilities of our country [4]. Anaerobic treatment of animal 

wastes is widely applied especially in Europe due to its renewable energy recovery and waste 

stabilization, and the necessary infrastructure has been established in Turkey. Anaerobic treatment of 

these wastes is a very attractive treatment alternative.  

In particular, very successful studies have been carried out by Tiwari, G. N., and their team in 

international studies on solar energy-assisted biogas systems [19, 20, 21, 22, 23, 24, 25, 26, 36]. In the 

last 10 years, in Turkey, Prof. Dr. Günnur Koçar and her team at the Ege University Solar Energy 

Institute have conducted numerous studies and projects related to biogas, and successful publications 

have been presented in national and international journals.  

Just as it was used in the preparation of this research project, the studies conducted by Prof. 

Dr. Günnur Koçar and her team were also used in the following studies [4, 12, 29, 30, 31, 33, 34]. 

Based on data obtained from pilot-scale experimental studies conducted at Ege University by Prof. Dr. 

Günnur Koçar and her team, the feasibility of biogas systems in rural Turkey was investigated. Two 

provinces from three different climate zones were selected, and two years of daily climate data for 

each province were used in the model. A family of four was considered in the calculations, and 

various potential biogas uses were included. 
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2. MATERIALS AND METHODS 

 

Reactors commonly used in biogas production are broadly classified into three types. These 

can be classified as fixed-dome or Chinese-type (Figure 1), movable-dome or Indian-type (Figure 2), 

and bag-type or Taiwanese-type (Figure 3). 

 

 

 

 

 

 

 

Figure 1. Fixed dome or Chinese 

type biogas reactor. 

Figure 2. Movable dome or 

Indian type biogas reactor. 

Figure 3. Bag type or 

Taiwan type biogas reactor. 

 

Figure 4.  A solar-assisted fixed-dome biogas reactor first proposed by Tiwari [18]. 

 

Figure 5. Design of a solar energy-supported, floating (movable), dome (roof) and portable 

(portable) biogas reactor. 
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A portable solar-powered biogas technology system for individual use of animal waste has 

been designed according to the characteristics and needs of potential customers (Figure 5). 

Manufactured under experimental conditions and to actual dimensions, this system has a volume of 

1.5 m3 and a vertical cylindrical geometry (4, 5). Steel is generally used in manufacturing. The system 

is well insulated and covered with protective material. The entire system is mounted on a two-wheeled 

platform and can be moved by attaching it to a motor vehicle. The platform is portable and easily 

maneuverable when desired. 

Animal manure is fed to the biogas reactor in a semi-liquid form. It is unsafe to introduce 

solids in animal manure into the reactor without dilution. Wet animal manure is mixed with water at a 

ratio of 1:1 or approximately 1:1, depending on the animal species, and then fed into the reactor. This 

increases the fluidity of the manure material within the reactor and increases gas production. The 

dilution ratio and the biogas production per unit of manure vary depending on the animal species. The 

raw material used in this application is animal waste. This material is placed in a preparation tank, 

where the necessary water is added, and then mixed and homogenized. The material is then loaded 

into the reactor using a sludge pump and a material loading pipe. 

The biogas reactor is constructed as a vertical cylindrical structure (4, 5). One reactor consists 

of two nested tanks (4, 5). The second tank is placed inside the first tank, with a slight diameter 

reduction, in an inverted position (4, 5). As gas production occurs, the second tank rises at a constant 

pressure, also serving as a gasometer (5, 22). Serpentine pipes are present to heat the system (17) 

through which hot water heated by solar energy circulates to be used. The hot water generated by the 

solar collectors (2) is collected in a boiler and then fed to the reactor as needed (1, 2, 17). The hot 

water generated by solar energy (2) maintains the fermentation temperature at 370°C. Each tank has a 

loading and discharge pipe (23, 10). The reactor mixers perform the mixing process for a 

predetermined time, supported by a timer on the control panel (15, 30). Since the mixing process will 

not be done manually but instead will use solar energy, it will achieve its intended purpose and 

increase system efficiency.  

This will eliminate the malfunctions of mixers in conventional applications. The mixers' role 

is to ensure the material remains homogeneous within the reactor, increase gas production efficiency, 

and prevent sedimentation. After being filled with animal waste for the reactor to operate, it is left to 

stand for approximately 15 days and then fermented and discharged (10). This discharged waste is 

then transferred to a transport vehicle with an additional auger connected to the discharge pipe, 

removed from the system, and sent to the fertilizer facility. 

The gas generated in the movable dome generator is generated and stored in a floating dome, 

which also serves as a gasometer (5). As gas production occurs in the reactor, the floating dome-

shaped inverted vessel begins to rise (5). The amount of gas produced can be measured based on this 

rise. Because the system is floating, the gas produced can be determined by the height of the reactor's 

second tank, depending on the gas production rate, or by passing it through a flow meter to determine 

the amount of gas produced per unit of time. A counterweight on the floating dome maintains a 

constant gas pressure (22). The produced gas is then sent to the intended use locations. 

The system on the platform controls the system temperature and operates the mixer. Data 

acquisition and storage are provided in experimental studies. This system allows for the daily 

production of biogas and its other characteristics to be determined and recorded. Studies will continue 

with experiments and applications under different conditions. 

The dissemination and sharing of the results of this study will be ensured through the 

development of the study. This will ensure that the project outcomes are disseminated to all interested 

parties, and the resulting knowledge will be shared. This section provides information on general 

biogas information, biogas production from animal waste, the positive and negative aspects of biogas 

production, and the individual uses of biogas in homes. 
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3. EXPECTED RESULTS AND INTERPRETATION 

 

The expected results of this study can be categorized under three main headings. 

 

3.1 Scientific/Academic Impact 

• When past studies are examined, suitable designs for small-scale, family-type, solar-powered, 

portable anaerobic biogas reactor systems that can be used individually in rural areas to produce 

biogas from animal waste have not been presented, and their application has not been widespread. 

Therefore, a solution to this problem has been developed, and applications are being implemented. 

• Mixing is important for increasing the efficiency of biogas production in the following ways 

a- Distributing the metabolites produced by methanogens, 

b- Homogeneously mixing the fresh feedstock with the bacterial population, 

c- Preventing precipitation and heterogeneity, 

d- Ensuring homogeneous temperature distribution, 

e- Homogeneously distributing a bacterial population within the fermenter, and 

f- Preventing the formation of heterogeneous dead zones within the fermenter. 

In this regard, selecting a suitable mixing element is crucial. Various mixing systems are used for 

this purpose.    The electrical energy generated by the photovoltaic solar panel will be stored here 

and automatically used for    mixing when needed. 

• Biogas production modeling is being carried out for the fermenter to be used in this biogas reactor 

system, which will be commissioned after production is completed for experimental purposes and is 

intended for real-scale testing. Animal manure is mixed with a 1:1 ratio to feed the fermenter. The 

amount of biogas to be produced in the fermenter is determined based on the given material 

properties and volume. The methane amount obtained from the calculations can be compared with 

the methane amount obtained from the experiments. The characteristics of the feedstock entering the 

fermenter directly affect the gas production results. This is particularly important in modeling 

studies. 

• Energy production system modeling and optimum operating conditions can be performed. In 

modeling studies for biogas energy conversion, a model can be created based on the characteristics 

of the biogas system to be produced, the properties of the materials to be used, and climatic 

conditions. The temperature, mixing, and concentrations resulting from the reaction within the 

fermenter are taken into account. The heat energy gained and lost by the digester can be calculated, 

and a heat transfer model can be created. These models can be related to the processes occurring 

within the digester. 

 

3.2 Economic/Commercial/Social Impact 

• A significant portion of the fuels used in the energy sector are fossil-based. These energy sources are 

depleting and cause significant environmental damage. Therefore, this study makes a significant 

contribution to the use and widespread use of biogas, a renewable energy source in this sector. It will 

pave the way for biogas, a cheap and even free energy source. 

• The design and manufacturing of a multifunctional mobile biogas production system for 

demonstration and final use have been completed. 

• The feeding, optimum waste volume, configuration, and process conditions necessary to increase 

production efficiency can be determined for a mobile biogas production system that can be used 

individually in rural areas and under global conditions. 

• This established biogas system will contribute to the economy. 

• Biogas production and use will be expanded in the region. 

• The public will gain the courage and skills necessary to install a biogas system based on their needs. 
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• Many different uses and ways of utilizing the produced biogas will be learned. 

• Reducing the environmental problems caused by biogas production from animal waste and utilizing 

this resource rationally are expected to be significant outcomes. 

• Rural development and increased employment are expected. 

• The resulting fertilizer will be more easily incorporated into the economy. 

• This system will not only be used on an individual and small scale, but will also pave the way for 

medium and even large-scale use, and the necessary techno-economic criteria will be established for 

this purpose. 

 

3.3 Impact on Researcher Training and New Project Creation 

Since my future field of expertise and work is energy systems, this project will be extremely 

beneficial for my career, as it will allow me to utilize my scientific and technological knowledge in 

this field. This has created the opportunity to work in an important field alongside my professional 

work. Furthermore, the content of this study and the new activities it will bring have paved the way for 

new projects in the field. A design and application have been developed and implemented, which can 

be used for undergraduate and graduate theses. Furthermore, significant laboratory materials and 

equipment have been provided. 
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Abstract 

Georgia’s electricity system is dominated by hydropower, which provides both energy and seasonal flexibility. 

However, seasonal variations, climate change impacts, and the need to diversify energy sources make integration 

of wind power increasingly relevant. Wind energy offers environmental benefits, reduced greenhouse gas 

emissions, and energy security. Yet, large-scale integration presents significant technical, economic, and 

institutional challenges. This paper analyses these challenges in detail, drawing lessons from international 

experience and proposing a roadmap for Georgia’s wind power integration. 

 

Keywords: wind power integration, Georgia, power system stability, system inertia, energy storage, 

forecasting, market design. 

 

Introduction 

        The transition to renewable energy is a global priority due to climate change and the need for 

sustainable energy systems. Georgia, with its mountainous terrain and abundant water resources, relies 

heavily on hydropower. Hydropower accounts for about 70% of the country’s electricity generation 

[1]. This reliance provides flexibility, but also exposes the system to seasonal water inflow variability 

and climate-induced risks. 

        Wind power represents a promising alternative to diversify Georgia’s energy mix, reduce 

greenhouse gas emissions, and enhance energy security. According to [2], Georgia’s wind potential 

exceeds 1 GW, with high-quality wind resources in Kartli, Kakheti, Adjara, and along the Black Sea 

coast. Yet, installed capacity remains under 100 MW, indicating significant untapped potential. 

        Integrating wind energy into the power system raises challenges in grid stability, system inertia, 

forecasting, transmission, market design, and investment frameworks. Addressing these requires a 

holistic approach that combines technology, regulation, and policy. This paper examines these 

challenges and proposes a roadmap for large-scale wind integration in Georgia. 

Georgia’s Power System and Wind Potential 

      Georgia’s power system comprises a transmission grid linking hydropower plants with major load 

centers. Hydropower generation fluctuates seasonally, creating surplus in spring and deficit in winter. 

The country imports electricity during low-flow periods. Thermal plants and interconnections with 

neighbouring countries provide additional flexibility. 

       Wind potential in Georgia is geographically concentrated. Kartli and Kakheti regions have proven 

sites with high wind speeds, favourable terrain, and proximity to transmission infrastructure. The 

Black Sea coast and parts of Samegrelo and Adjara also have considerable potential [3]. Despite this, 

investment and regulatory barriers have limited deployment. Early deployment of pilot wind farms 

could provide valuable operational data to guide further integration.  

TABLE 1. ESTIMATED WIND ENERGY POTENTIAL BY REGION (MW)  

Region Estimated Potential 

(MW) 

Source 

Kartli 400 [1] 

Kakheti 350 [2] 

Samegrelo 250 [3] 

Adjara 150 [1] 

Imereti 120 [1] 

mailto:sergo.tevdoradze@atsu.edu.ge
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Other 300 [1] 

     Technical challenges of integration are: variability and forecasting, system inertia and frequency 

stability, voltage regulation, ancillary services and storage transmission infrastructure. 

      Wind energy is inherently variable, with fluctuations over seconds, hours, and seasons. Forecast 

errors require additional reserve capacity and can lead to inefficient dispatch of hydro and thermal 

plants. Advanced forecasting methods, including AI-based probabilistic models, can significantly 

reduce errors [5]. Improved forecasting allows operators to schedule resources more efficiently and 

reduce balancing costs. 

      Conventional generators provide rotational inertia that naturally stabilises frequency. Wind 

turbines, especially those connected via inverters, do not contribute inertia in the same way. High wind 

penetration reduces system inertia, increasing the rate of change of frequency (RoCoF) during 

disturbances. Grid-forming inverters, synthetic inertia, and fast frequency response from battery 

storage are proven solutions to mitigate these effects [8]. 

      Wind farms can cause local voltage fluctuations, particularly in weak grid areas. Voltage regulation 

requires reactive power support from turbines, static compensators (STATCOMs), or capacitor banks. 

Grid codes must define reactive power capabilities and control requirements for wind farms to 

maintain stability. 

       High-quality wind resources are often located far from major load centres. Transmission capacity 

constraints can lead to curtailment. Strategic reinforcement of the grid, flexible connection 

agreements, and coordinated planning are essential to accommodate growing wind capacity without 

degrading system reliability. 

      Large shares of wind generation increase demand for ancillary services such as frequency control, 

reserve capacity, and voltage support. Storage systems — including battery energy storage systems 

(BESS) and pumped hydro storage — offer fast response and energy shifting capabilities, reducing 

curtailment and enhancing grid stability. 

     And economic and institutional challenges are: investment risks, market design, permitting and 

social acceptance and institutional capacity 

     Wind farm development requires high upfront capital. Risks related to policy changes, permitting 

delays, and uncertain market revenues deter investors. Mechanisms such as long-term Power Purchase 

Agreements (PPAs), concessional finance, and public–private partnerships can mitigate risks and 

attract investment [4]. 

     Existing market structures often do not adequately reward flexibility and ancillary services. 

Introducing capacity markets, ancillary service markets, and flexibility products incentivises 

investment in technologies that support high wind penetration. 

     Permitting processes for wind projects in Georgia can be lengthy and complex. Local opposition 

due to visual, noise, or land-use concerns can delay or block projects. Streamlined permitting 

procedures and community engagement strategies, including benefit-sharing schemes, are critical for 

successful deployment. 

     Managing high wind penetration requires advanced operational capabilities, updated grid codes, 

and trained personnel. Strengthening institutional capacity through training and technical support 

ensures safe and efficient integration. 

      Countries with high wind penetration, such as Denmark, Germany, and Spain, offer valuable 

lessons for Georgia. Denmark maintains a flexible grid and extensive interconnectors to manage 

variability [6]. Germany leverages smart grid technologies, demand-side management, and balancing 

markets to integrate wind power efficiently [4]. Spain utilizes centralized monitoring (CECRE) and 

robust interconnections for system stability [4]. Adapting similar measures, tailored to Georgia's grid 

characteristics, can facilitate the reliable integration of wind power 

Denmark: high wind penetration managed through interconnection with neighbouring systems, 

flexible operation, and demand response [6]. 
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Germany: market-based balancing and redispatch to accommodate wind; substantial grid 

reinforcement [7]. 

Spain: centralised coordination of wind generation with real-time monitoring and dispatch [8]. 

These examples demonstrate that successful wind integration requires systemic planning, flexible 

markets, and advanced operational tools.  

                                                                                     TABLE 2. INTERNATIONAL EXPERIENCE IN WIND POWER 

INTEGRATION  

Country Wind Share in 

Power Mix 

Key Measures Lessons for Georgia 

Denmark 40%+ Flexible grid, 

interconnectors 

Regional cooperation 

and forecasting 

Germany 25% Smart grids, market 

incentives 

Market design for 

balancing 

Spain 20% Centralized control 

(CECRE) 

Monitoring and 

infrastructure 

Georgia <2% Early stage Need regulatory and 

grid upgrades 

 

Integration of wind power introduces variability due to fluctuating wind speeds. This can lead to 

frequency deviations and voltage instability if not properly managed [NREL, 2020]. The low system 

inertia of Georgia's grid, primarily designed for hydropower, exacerbates these challenges. Advanced 

forecasting methods, grid-forming inverters, synthetic inertia, and energy storage systems can mitigate 

variability and maintain system reliability. Additionally, transmission constraints between wind-rich 

regions and load centers must be addressed through grid reinforcement and smart grid technologies. 

 
Fig. 1. Average Monthly Wind Speed in Georgia 

                                                    Source: [2] and National Meteorological Data. 

 

Result. 

Roadmap for Georgia 

Phase A (0–3 years) 

• Establish a centralised wind forecasting system. 

• Pilot projects for grid-forming inverters and storage. 

• Update grid codes to define requirements for wind farm connection and operation. 

Phase B (3–7 years) 

• Reinforce transmission from high-potential wind zones. 

• Introduce ancillary service markets. 

• Standardise PPAs and attract concessional finance. 
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Phase C (7–15 years) 

• Deploy PMU/WAMS monitoring for real-time control. 

• Scale storage systems. 

Enhance cross-border trading and balancing cooperation 

 

Conclusions. 

Georgia has substantial wind energy potential that can enhance its energy security and reduce 

emissions. Large-scale integration requires coordinated action: advanced forecasting, grid 

reinforcement, market reforms, storage deployment, and capacity building. International experience 

demonstrates the value of phased integration, market design innovation, and technological adoption. A 

comprehensive roadmap will enable Georgia to harness its wind potential sustainably and reliably. 
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Abstract 

Increasing the energy efficiency of the vortex micro-power plant is achieved by the ability to adjust the dynamic 

pressure difference between the flows entering and leaving the pressure cell. The insufficient volume flow is 

compensated by restraining reactive flows reflected from multiple small guide wings arranged in a spiral along 

the wall of the pressure cell. These wings are self-balanced with small weights, ensuring a uniform water supply 

to the turbine even in shallow water. 

Increasing the energy efficiency of the vortex micro-power plant would be achieved due to its compatibility 

with the terrain. Specifically, the inlet channel connected to the water intake of the pressure chamber, the 

water collector positioned in the upper buffer with transverse joints, and the flexible siphon—connected by 

vertical and horizontal joints to the diffuser of the same cell with a telescopic end offering three degrees of 

freedom—work together to adjust the level difference between the upper and lower buffers, as well as the 

pressure within the pressure cell. 

 

Keywords: micro hydropower plant; ascending channel; incoming flows; turbine; small guide wings; 

flexible outlet siphon, outcoming flows.  

 

Introduction 

Water and water resources (rivers, lakes, reservoirs, glaciers, underground waters, and swamps) 

rank first among the natural resources of Georgia.  

About 300 rivers are distinguished by their energy value, whose annual total potential power is 

equivalent to 15 thousand megawatts, and the average annual energy is equivalent to 50 billion kWh.  

Because the rivers are seasonal, power plants with balancing reservoirs are used to regulate and 

redistribute water resource. However, the construction of such plants is facing resistance from an 

environmental standpoint, so the emphasis is currently on the construction of hydropower plants with 

small reservoirs[ 1].    

Recently, there has been growing interest in a new approach to generating electricity from small 

rivers using vortex micro-power plants [2].  The Vortex Turbine is an environmentally friendly way to 

consume energy from rivers and channels with a low height difference, as a standalone project or a 

cluster of turbines will power entire regions. A single turbine can generate constant energy in the range 

of 15÷70 kW/h.  

Water and water resources, including rivers, lakes, reservoirs, glaciers, groundwater, and swamps, 

are the most significant natural resources of Georgia. Approximately 300 rivers are notable for their 

energy potential, with a total annual potential power estimated at 15,000 megawatts and an average 

annual energy output of about 50 billion kWh. 

Due to the seasonal variability of these rivers, energy generation is managed through the 

construction of power plants with balancing reservoirs. However, such projects have faced opposition 

due to environmental concerns. As a result, current efforts are increasingly directed toward the 

development of hydropower plants with smaller reservoirs [1]. 

In recent years, there has been increasing interest in generating electricity from small rivers using 

vortex micro-power plant [2]. The vortex turbine offers an environmentally friendly solution for 

harnessing energy from rivers and channels with minimal elevation difference. These systems can 
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function as standalone units or in clusters, capable of supplying power to entire regions. A single 

vortex turbine can provide continuous energy in the range of 15 to 70 kW. 

Methods and Methodology 

In general, vortex micro hydropower plants, including the AquaZoom vortex micro-HPP, contain 

a basin with a tangential flow guide and a vertical cell connected to it with a reactive hydro turbine 

placed in its lower part, with a siphon hermetically connected to the diffuser; water volume flow ≈1 

m3/s; optimal pressure 1.0 - 2.0 m; 5-meter clearance around the area [4].  

The maximum efficiency obtained by researchers is around 30%, while commercial companies 

have claimed efficiencies of around 50% with output power from 500W to 20kW [5]. The primary aim 

of the paper [6] is to determine and prove the possibility of using a gravitational vortex turbine for 

free-flowing drainage water. The article presents an idea of a power plant, in which aeration of 

drainage water is an added advantage in vortex flow. Such a power plant is a new idea that combines 

hydraulics, environmental engineering, and mechanical engineering.  

Low-head micro hydropower plants are gaining interest as traditional turbines, such as the 

Kaplan and Pelton turbines, are typically limited to heads greater than 3m. Gravitational vortex 

hydropower (GVHP) is an innovative low-head hydropower technology. GVHP uses the energy 

available in a vortex flow, enabling hydropower generation at heads as low as 0.7m. A vertical-axis 

turbine is positioned at the center of a vortex flow and rotates with the movement of the water, thereby 

generating mechanical energy. This paper describes a parametric experimental investigation of the 

operating conditions of GVHP [7].   

The power capacity and facility are two criteria required for the classification of hydropower 

plants. The first consists of five components: dammed reservoir, river flow, pumped storage, flow 

technology, and new technology gravity vortex. The second criterion - the river (its energy) is 

classified according to the power scale: large, small, micro, and pico hydropower. This paper focuses 

on micro hydropower, specifically gravitational vorticity, and provides an overview of flow 

characteristics and power generation in terms of free surface vorticity (FSV) and applied turbine 

systems [8].   

Also noteworthy is the Korean patent [10], which features a vortex-forming inlet cylindrical 

(flow-directing) tube peripherally connected to a receiving hopper. The hopper’s diameter is at least 

twice that of the horizontal guide tube that creates the vortex. Additionally, the hopper narrows 

conically at the bottom, increasing the speed of the outgoing flow. There is no lack of interest in the 

micro-hydroelectric power plant, which generates electricity from the free waterfall [11], and the 

portable micro-hydroelectric power plant [12], because these issues are discussed in this paper.  

The well-known vortex micro-hydroelectric power plants [9,10] contain upper and lower open 

channels located at different levels. The vertical turbine positioned between them is driven by water 

flowing from the upper pool level down to the turbine’s exit outlet. Still, the level difference from the 

said hole to the lower pool level is not used, while in the Georgian transfer HPP [12], this issue is 

solved. Still, it works only on confluence, and the kinetic energy of the river is not used in it (it is not 

of the vortex type). In addition to the above, the authors have tested a micro-HPP, in the upper part of 

the vertical conical cell of which the spiral flow guides are placed, and the reactive hydro turbine is 

placed in the lower part of this cell; a water-receiving ascending channel is hermetically connected to 

the conical diffuser with a transverse joint, while a siphon outgoing channel with a telescopic end is 

connected to the diffuser of the pressure cell by vertical-horizontal joints [13, 14].   

 

Result 

A vortex micro-hydro power plant has been newly developed (see Fig. 1 and Fig. 2), which 

consists of a vertical settling basin with an upper conical part 1 and a lower cylindrical part 2, an inlet 

tubular channel 5 with a telescopic inlet 6 peripherally connected by a horizontal hinge 4 to the upper 

edge 3 of the settling basin, and an outlet tubular channel 8 with telescopic ends 9 connected to the 
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cylindrical part 2 of the settling basin by tubular sections 7 in the form of toroidal sectors tightly 

placed with sliding insertion into each other relative to a common horizontal axis; a hydroturbine 10 

placed in the cylindrical part 2 of the settling basin, while in the conical part 1 of the settling basin 

along the wall at equal intervals are arranged wings 11, which are rigidly fixed on radial hinges 12 

inserted into the wall of the settling basin, to which from the outer side of the basin are rigidly 

connected weighted 13 telescopic levers 14 with the ability to fix their sections relative to each other, 

wherein the wings 11 are balanced by individual weights 13 and their inclination to the horizon 

increases in the downward direction. 

The calculation covers the 11 flow characteristics of the wing and equilibrium conditions (Fig. 3): 

β = α + arctg       β=900- θ,  

Fy= (CρwS Vrel2sin(90 – α))/ 2 

 , 

while ωr; 

where a — is the initial angle of inclination of the wing relative to the horizon, β — the angle of water 

fall (deviation of the wing relative to the vertical), θ  — the angle of inclination of the wing relative to 

the horizon, Fy —  the pressing force acting on the wing, e — the arm of the pressing force acting on 

the wing relative to the hinge the arm of the pressing force acting on the wing relative to the hinge, Fb 

— the gravitational force of the ballast (weight), c — the arm of the ballast’s gravitational force 

relative to the hinge (horizontal projection of the ballast deviation), b — the length of the lever.     

The flow of water supplied eccentrically from the inlet channel 1 circulates in pressure cell 3 and 

thus goes to the turbine 6. At this time, the pressure force Fy on the spiral 4 of the flow in the cell 

prevents the drop of the flow, which slows down its downward movement and compensates for the 

insufficient volume flow, as a result of which it ensures water flow on the turbine Continuity of supply 

in shallow water. The angle of inclination of the guiding spiral in relation to the height of the column 

is subject to calculation (Fig. 2): 

Fy= (CρwS V2sin(90 – α))/ 2    (1) 

Here ,  while ω r ;  

where the angle of inclination of the guide spiral to the horizontal plane, h - the height of the 

water column in the pressure cell  (here, the following condition is met: h1<h2<h3<h4 and α1<α2<α3<α4, 

where α1,2,3,4 are the angles of inclination of the guide spiral at the corresponding heights h1,2,3,4 of the 

water column;  —the vertical component of the downward flow rate in the cell,  — the 

horizontal coefficient of the circulating flow rate in the cell (it is equal to the velocities of inflow into 

the diffuser and outflow from the diffuser),  — the flow velocity along the guide spiral;  Fy — the 

pressure force of the guide spiral; ρ — air density, S  — the area of the spiral, ω — circulation 

frequency, r — the radius of the pressure cell at the considered height of the water column. 

With the parametric compatibility of the vortex micro-power plant with the terrain and the 

volume flow of the river, in particular, with the synchronization of the incoming and outgoing flows, 

an increase in energy efficiency is achieved. 

Increasing the performance efficiency is achieved through the compatibility of the cross-sectional 

areas 
21 , SS  of the pressure cell’s confuser and the diffuser in relation to the velocities 

21,VV  of the 

incoming and outgoing water flows.  

In particular 
2211 VSVS = , from which 

2

1
12

V

V
SS =

, where VVV += 12
, while , 

from which  
2

2V
hg


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, from which the required pressure height is obtained:  
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h=V1
2(S1-S2)

2/2gS2
2,    (3) 

which corresponds to the velocity V1 of the water flow entering the turbine in the section S1 of the 

confuser and  is required to ensure the velocity of the flow passing through the section S2 of the 

diffuser  

                 (4). 

Fig. 2. 
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The simulation of the processes was carried out taking into account the hydro-dynamic 

parameters (Fig. 2), particularly for producing the small-scale working models on a 3D-printer from 

bio-degradable material, which will have a minimal impact on the environment. An animated 

simulation of a hydrodynamic process was carried out (Fig.3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3. Animated simulation of a hydrodynamic process. 

 

Conclisons  

 

An animated simulation, incorporating parameters such as water flow acceleration depending on 

the riverbed’s angle of inclination and its deceleration on the springboard (in the rising channel) with 

the pressure vertical conical cell, demonstrated the possibility of regulating the continuity of water 

supply to the turbine between the upper and lower pools of the vortex micro-power plant. This 

regulation is achieved through the reactive forces reflected upward from the surface of the guiding 

spiral in shallow water, which act as a flow-restricting factor to compensate for insufficient volume 

flow. 
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Abstract 

Performing technical and economic evaluation of Telecommunication network project requires defining the 

necessary capacity of channels, using mainly Erlang formulas. These calculations are connected to certain 

difficulties, thus number of manufacturers use their own empirical formulas. The article elaborates on application 

of such approaches to define channel capacity in multiservice networks. 

 
Keywords: Multiservice network, Erlang formulas, channel recourses. 

 

Introduction 

      In telecommunication networks, the incoming traffic load, expressed in Erlangs, specifies the 

average number of connections needed for a given type of infocommunication service. In monoservice 

networks, the number of potential connections corresponds to the number of simultaneously occupied 

channels; however, this relationship does not hold in multiservice environments. Since different 

services require varying amounts of network resources, traffic under multiservice conditions is 

measured in “Erlang-channel” [1] units, which represent the utilization coefficient of a communication 

line’s resource unit. When considering resource usage at the connection establishment level [2], the 

applicability of the obtained results to multiservice operation can also be evaluated. 

      In the development of telecommunication networks, determining the required number of channels 

is essential for meeting technical requirements and ensuring techno-economic justification, which is 

typically accomplished using Erlang B formulas. However, at the design stage, calculations based on 

Erlang formulas are complex and not always feasible. Consequently, well-known telecommunication 

equipment manufacturers employ either empirical approaches, which rely on statistically established 

values of the channel load “overflow coefficient” that define the minimum required number of 

channels, or their own proprietary tables, which are invariably associated with interpolation errors. 

      In engineering practice, it is possible to successfully apply an approximate method for determining 

the required number of channels as a function of load, based on the use of the “three-sigma rule” [3]. 

      In the network design process, determining the required number of resources is essential for the 

technical and economic justification of the project, based on the volume of information transmitted 

and the traffic functions, which are defined according to the expected intensity of service demand. In 

switching systems, the required capacity is initially determined for the first stage of service, when the 

type and number of channels are known, and then for the total system resources based on the 

aggregate load. In a telephone network, the service intensity is defined in terms of the number of 

occupied (busy) channels relative to the total number of channels available for handling calls. 

 

Methods and Methodology 

According to classical teletraffic theory [4], Pn  - the probability of all channels being occupied – is 

defined as the probability that a call is blocked in the system under full load, within a model of a 

multichannel service system whose behavior can be represented by a state-transition graph: 
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Here, S0, S1, … Sn represent the states of the system, corresponding to the number of channels currently 

occupied (with S0 - indicating all channels are free; S1 -  indicating one channel is occupied and the 

rest are free; and Sn indicating all n channels are occupied).  

1/ T =  This represents the traffic intensity of occupied channels, measured over time intervals T for 

the offered load. 

1/ t =  The call intensity is defined as the number of offered calls per unit of time t. 

In this system, the probability Pn- of all channels being occupied is determined using the Erlang B 

(first) formula: 



n

n njn

j =0

R

n!P = = E (R)
R

j!

                    (1) 

Here, 1/R =  represents the traffic intensity of incoming calls in the network. 

If t and T are measured in the same unit of time, the traffic intensity /R t T= can be expressed in 

Erlangs. 

For large values of n  (over 100), Pn- for practical calculations is determined using a recursive formula 

( ) ( )1 ,  n nE R F E R n−
 =   combined with iterative methods. 

For practical purposes, it is possible to use analytical formulas with manual calculations, which allow 

the modeling of processes over time, analysis of transient states, dynamic moments, and evaluation of 

service reliability using established calculation methods [2]. 

The method of dynamic moments is based on the theory of Markov chains, using differential equations 

that describe the system over continuous time, which can be discretized to approximate the behavior of 

the system and thereby justify the use of the Erlang B (first) formula. This method allows for the 

calculation of the stationary probabilities of the system’s elements, under the assumption that the 

number of calls at element Ei  among a total of N elements (where iN E=  ) follows a probability 

distribution Pi  within the system. 

In this model, the system’s elements are represented as terminals, each of which can be in one of two 

possible states: 1 – idle, when it is free, and 2 – busy, when it is occupied by a call, which allows the 

system’s behavior to be described using a probabilistic state diagram: 

 

If  and  represent the arrival and service rates of a subscriber in states 1 and 2, respectively, then the 

dynamics of call arrivals can be described as follows: 

1 1 2

2 1 2

dE dt = -λE + μE ;

dE dt = λE - μE .
 

From this, for the steady-state regime, we obtain: 

1 2dE dt = dE dt = 0  

For the number of occupied channels only, it is: 

,2 ρE = N (1+ )  

Where .= /    

It follows that, in xij discrete model, only the first-order approximation of the offered traffic is 
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considered: 

For any j-call, the canonical state is unique and defined as follows [4]:  

Figure 1. 

The values of  xi 0 1 

Corresponding probabilities 1-Pi Pi 

 

Here, Pi represents the probability of state i  in the system. 

Result 

Accordingly, for a known system, in state i=2, the variance of the number of calls  
ij ix x= is equal to 

the sum of the variances of N independent calls: 
2 2

2 2 2 2D[x ] = (0 - P ) (1- P ) +(1- P ) ,  

In other words, 

.  2

2 2 2D = E (1- E / N) = N (1+ )  

According to the “three-sigma rule,” for a known system, the required number of channels, when 

assumed to follow a normal distribution, can be practically determined as follows 2 2E + 3 D . In this 

context, N denotes the required number of channels for n subscribers. If the activity of a single 

subscriber is assumed to occur randomly over time, it can be modeled as a Bernoulli process: 

1

 

+

N + K N
n =      (2) 

Here, N represents the traffic in Erlangs, while K is the service capacity coefficient, which allows 

the function to be approximated using a normal distribution (for practical purposes, the variance of the 

number of calls can be taken into account).  

(2) Using the normal approximation, the required number of channels can be determined by 

calculating the mean of the offered traffic )Pn = n(N, efhbc , which is derived from the expected 

number of calls nE (R) . In this case, for the traffic of a single terminal 0,15 =  measured in Erlangs, 

it follows that the required number of channels for n subscribers can be determined with a 2% 

approximation error (Figure 2). 

Figure F2 

n R R  k Calculated n 
Approximation 

% 

10 4,416 2,1 3,371 9,92 0,8 

15 8,027 2,833 3,258 15,18 1,2 

20 11,910 3,45 3,214 20,34 1,7 

25 15,963 3,995 3,2 25,445 1,78 

30 20,134 4,487 3,2 30,496 1,65 

35 24,392 4,938 3,21 35,507 1,4 

40 28,718 5,359 3,224 40,485 1,2 

45 33,097 5,753 3,242 45,433 0,96 

50 37,522 6,125 3,261 50,358 0,71 

60 46,479 6,8175 3,303 60,1517 0,25 

70 55,550 7,453 3,347 69,879 0,15 

80 64,707 8,044 3,393 79,552 0,56 

90 73,935 8,598 3,438 89,182 0,9 

100 83,220 9,122 3,4836 98,77 1,23 
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Using the method of traffic dynamics, the mean E2 and variance of state D2  can be calculated, and 

based on these values, the results of equation (2) can be approximated by the normal distribution, 

which allows them to be evaluated using the Laplace integral: 

 
 
 
 



2ty -
2

0

1
φ(y) = e dt,

2π
 

That is, in this model, it is possible to determine the required number of channels based on the mean n, 

or equivalently 2E =VN / (1+V) , the number of channels needed to accommodate n-E2calls in a 

steady state is given by: 

P 1- 2φ n(1+V) VN - VN  
 efhbc                (3) 

Equation (2), using (3), can be expressed as follows: 

P 1- 2φ(k)efhbc   

  The approximation is: ,VP P P = −efhbc efhbc  

Here, the equivalence of the blocking probability in equation (1) is expressed by P  and approximated 

using equation (2), along with the corresponding   approximations derived from the normal 

distribution of the system’s traffic. 

Conclusions 

Using formula (3), the approximation of the blocking Pefhbc  probability is obtained, which provides 

results    consistent with equation (1) for k =3,2 … 3,371 ( 0,01P =efhbc ), N10.  The approximation 

of the offered traffic, where the relative error   does not exceed 1.0–1.5%, is less than 1.78%, and this 

value corresponds well with the approximation obtained from the normal distribution of traffic. 

In a discrete model, the variable xij (Figure 1) takes the value 1 or 0, indicating whether element j is 

busy or not in state i. Thus, if the probability of a busy channel in state i is known, the distribution of j 

for any element j follows a Bernoulli process. For N independent elements, the distribution of busy 

channels in the system can be approximated by a binomial distribution, which, for large N,  can further 

be approximated by a normal distribution [3]: 

2 2P( n E k D ) 4 9k).−    

The right side of the inequality does not contain the parameter N, so even when N is less than 10, the 

probability of 2n E−   exceeding 2k D , when k=3.2-3.371 and V=0.15, it does not exceed 0.042-

0.046. As the value of N increases, the shape of the binomial distribution tends toward the normal 

distribution, and the degree of this approximation increases. 

Thus, formula (2) for determining the number of channels and formula (3) for the probability of 

rejection, as approximate formulas, can be considered acceptable for design purposes, providing an 

accuracy of up to 2% for the calculations. 
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Abstract 

The article discusses examples of underground structures in the distant past and the experience of living in 

appropriate conditions. A number of examples of the construction of this type of structure in today's conditions 

and various motives for their construction in underground space are discussed. The article focuses on the 

advantages of constructing underground structures instead of traditional buildings in difficult terrain conditions 

and their operation. Attention is focused on those characteristics of underground structures through which they 

fully meet the requirements established by the Energy Efficiency Law. 

 
Keywords: underground structure, open slope, caves, energy efficiency, thermal bridges, erosion, heat 

Introduction 

 
Introduction 

In order to reduce the scale of negative impact on the environment due to human activities and living 

conditions and to fully ensure decarbonization by 2050, the relevant institutions, taking into account 

the existing challenges, have responded by drawing up a long-term strategic plan based on the 

sustainable development methodology and implementing it on a large scale. Construction occupies a 

leading position in terms of the negative impact on the environment of human activities and its 

necessary needs. In European countries, Canada, the USA, Japan, New Zealand, and China, serious 

work is being carried out to first reduce the scale of damage caused to the environment by construction 

and to reduce it to a minimum level within the specified period. This can be achieved, along with other 

important measures, by ensuring maximum energy efficiency of buildings and structures at the 

exploitation stage. In order to ensure appropriate results in this direction, Georgia also has obligations.                              

 Methods and Methodology 

Experiments were conducted to obtain reliable information. The research used a digital model for 

calculating the results of the experiment, as well as methods of analysis and analogy. 

Taking into account the immediate and extremely important challenge in the country, in order to 

ensure appropriate results in the direction of energy efficiency, a National Energy Efficiency Action 

Plan (NEEAP) for 2019-2029 was prepared.1 In order to ensure the desired result in the activities in 

this direction, Georgia undertakes to bring national laws into line with European legislation, as a result 

of which it will ensure the process of reflecting the Energy Performance of Buildings Directive in 

national legislation. On September 25, 2015, Georgia submitted to the UNFCCC Secretariat the 

document “Nationally Determined Contribution”, which aims to reduce greenhouse gas emissions by 

15% unconditionally by 2030, according to the Business as Usual (BAU) scenario. The document 

states that the 15% reduction target may be increased to 25% under certain conditions. A 25% 

reduction in emissions according to the BAU scenario ensures that Georgia’s greenhouse gas 

emissions will be 40% lower by 2030 compared to 1990 levels. 2 

1. Forms, extents and ways of positive changes in the environmental impact of the construction sector 

The construction sector accounts for 40-45% of the energy consumed both during construction and 

operation. 40% of material resources, 40% of solid waste produced. 90% of cases of deterioration of 

human health depend on living conditions.pumps, bio-household waste. In the United States, $58 

billion is spent annually on restoring and maintaining human health. There are more than a billion 

buildings in the world, and their potential for negative environmental impact is presented in figures as 

follows: Construction and buildings consume 87% of fresh water; 25% of all felled wood; 35% of 
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greenhouse gas emissions into the environment. 3. The real solution to the current situation is the 

widespread introduction of “green” construction practices, which are one of the most important and 

effective tools for sustainable development of society. When designing green buildings, all efforts are 

mainly focused on ensuring a significant reduction in the volume of energy and water consumed. In 

this direction, it is possible to reduce the resources consumed by an average of 25...30% at the first 

stage and 30...50% later. The UN Sustainable Development Strategy and relevant goals.4 

     In 2015, the UN adopted the 2030 Development Action Plan, which was presented with 17 main 

goals. The plan serves for ecologically, socially and economically sustainable development and the 

preservation of social, cultural, biological and physical systems: in the plan; -Affordable and clean 

energy. -Industrialization, innovation and infrastructure meeting specific requirements. -Sustainable 

development of sustainable cities and settlements. -Responsible consumption and production. 

Combating climate change. Presented in the form of separate points. In the plan; -Affordable and clean 

energy. -Industrialization, innovation and infrastructure corresponding to specific requirements. -

Sustainable development of sustainable cities and settlements. -Responsible consumption and 

production. -Fighting climate change are presented as separate points. Five factors, without which the 

search for solutions to the problem will end with unsuccessful results, were formulated as follows; 

-The number of world population and its growth trend; 

-The growing scale of industrialization; 

-The scale of environmental pollution; 

-The problems facing food production; 

-The increase in demand for resources that are in short supply in all directions.The concept of 

sustainable development laid the foundation for the development trends of "ecological architecture" 

and "green construction". Sustainable development is based on three important characteristics: 

• Ecological, 

• Economic, 

• Socio-cultural characteristics. 

     These characteristics determine the important trends of future architecture and construction, 

including the operation of the building and its disposal. 

     A building can be recognized as “green” if, throughout its entire life cycle, from the production of 

building materials, including all engineering and technical measures taken during its construction and 

operation, it has a minimal impact on the environment and human health. In 2017, $423 billion was 

invested in “green” construction internationally, and $5 trillion was invested in the construction sector 

as a whole in the same year. Great opportunities for investment in this direction are opening up in East 

and South Asia, where more than half of the world’s population will live in these large spaces by 2030. 

Figure 1 shows the essential elements of the “green house” energy-efficient construction 

 
Fig. 1 presents the essential principles of the construction of a “green house” to ensure energy 

efficiency. 
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2. Underground structures, history and relevance 

2.1. Historical experience of underground structures 

       From the extreme necessity of human habitation, it has been a matter of crucial importance since 

ancient times. In general, history tells us that in prehistoric times and not only, people lived in caves, 

and this was so, caves of this type have been preserved to this day, in China, Turkey, in the 

Mediterranean coastal areas, and in Latin America. In Georgia, Vardzia, Uplistsikhe Bethlehem, 

Tsutskhvati Cave, Dzevri Caves are unique examples of this. Part of the Dzevri Caves were used as 

hiding places in the feudal era. The largest cave in the world. During the excavations conducted in 

1951–1952, 12 layers were recorded in the stratigraphic section: Upper Paleolithic, Neolithic, 

Eneolithic, Early Bronze Age, Antique and Feudal. 5 layers of the Paleolithic period are separated 

from each other by sterile layers. In the lower layer, stone products of the Upper Paleolithic period, 

Middle Paleolithic (Moustier era) points and awls were found. The next 4 layers contained items 

characteristic of different stages of the Upper Paleolithic (a necklace made of sea snails; a bone clasp 

decorated with geometric ornamentation, a bone clasp made of talc, a pendant decorated with dotted 

talc fragments - avgaroses, pierced animal teeth, and others). In the Eneolithic-early Bronze Age, 

products made of deer antlers were found.6 But caves were not everywhere and often did not provide 

the opportunity to live safely. Due to the lack of appropriate materials and experience for the 

construction of above-ground structures, people themselves built underground living spaces. Sooner or 

later, this trend of housing became a thing of the past and a long era of traditional above-ground 

construction began. 

2.2. Experience in the construction of underground structures due to land shortage in urban settlements 

The construction of underground structures on the principle of everything new is well forgotten, where 

and how and in Singapore they are returning at a rapid pace, where transport and utility infrastructure, 

pedestrian connections and retail are already located in underground spaces. In order to utilize 

Singapore's underground potential, to avoid errors in difficult underground conditions, to capture data 

for visualization, analysis and to integrate it into future development, modern approaches to building 

information modeling (BIM) and geographic information system (GIS) technologies are used there. 

Development in this direction is caused by extreme necessity in Singapore, this island country - 

located on an area of 

approximately 709 square 

kilometers and with 5.7 million 

people - continues to develop and 

maximize the use of space. For the 

same reason, similar trends in 

construction are actively 

developing in Japan, a number of 

regions of China and other densely 

populated megacities. The development of underground space for development has become an 

economic necessity in Singapore due to the extreme shortage of land. In 2007, the Government 

established an inter-agency Underground Space Planning Task Force under the Ministry of National 

Development, which, based on the long-term development map, is implementing a strategic plan for 

the development of underground space. In 2010, the Economic Strategies Committee made the 

development of this direction of construction part of the government's long-term economic strategy. 

2.3. The practice of arranging underground buildings taking into account the preservation of green 

space and the peculiarities of the relief. 

In addition to the shortage of space, there are other reasons for turning to underground buildings. In 

many European countries, underground residential buildings that have been built recently are no 

longer a novelty. Fig. 2. The construction of underground houses has already become a tradition and a 

challenge in Great Britain, The Underhill House and Sedim House built there have established 
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themselves as the most outstanding underground structures, which fully meet all the requirements for 

human living conditions and have a number of advantages, do not require central heating, do not 

consume external energy.  

It uses energy from suppliers and has zero negative impact on 

the environment. There, underground houses are built on 

slopes, with a mandatory requirement in case of their 

inclination exceeding 40 degrees, in order to avoid damage to 

green spaces, in the vicinity of historical and cultural zones.8 

There is sufficient experience in building houses on slopes in 

Georgia. Most of the second floors of houses built in the late 

nineteenth and first half of the twentieth centuries were made 

of wooden materials. The houses were not distinguished by 

their large size and did not require the removal of a large 

volume of soil from the steep slopes during construction. 

Often, in order to prevent the slope from collapsing, the back 

wall of the building, if not both floors, the first floor was 

completely supported by the open wall of the slope, and thus it 

also served the function of reinforcing the slope in order to 

prevent it from collapsing. Such houses have been preserved 

to this day in various regions of the country, especially in 

cities. In Kutaisi, on the left bank of the Rioni River, after the 

Second Synagogue, there are more houses on the slope sid The 

share is built in this way. Fig. 3.  Using a similar approach to 

building a structure allows for efficient use of space in a river 

valley, where there is insufficient land for building. At the 

same time, the open slope is protected from erosion by the rear 

wall of the building that is tightly attached to it. Due to the 

insufficient land area required for construction, the construction of large-sized, including multi-storey 

houses on slopes has become a rule. Before the construction of such structures begins, it is necessary 

to prepare a working area of sufficient area, which in most cases leads to erosion processes, which 

often have a compacting nature. Accordingly, the stability of the newly constructed structure is 

questioned and often damage is caused to previously built structures located nearby due to erosion 

events. Fig. 4. The irreversible processes caused by the opening of the slope in order to start 

construction in the central district of the city are presented, and similar examples are not uncommon 

throughout the country. It would be an important decision if the main prerequisite for the construction 

of underground structures on steep slopes with the motive of causing minimal damage to the slope 

were made, but it becomes clear that this is not the only and decisive advantage of such houses.  

3. Energy efficiency characteristics of underground 

structures 

In order to reduce environmental damage caused by 

construction, the Law "On Energy Efficiency of 

Construction" was enacted in 2023. The relevant law has 

put into effect a number of requirements for ensuring 

energy efficiency of buildings. The external enclosing 

structure of the building must meet the requirements for 

thermal conductivity and air permeability established by 

this law. It is fully energy efficient and airtight. 

Compared to above-ground structures, buildings constructed in this way are naturally thermally 

insulated. A constant temperature is transferred from the ground to it, which in our climatic conditions 
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varies within 12-14 degrees, and this ensures natural cooling of 

buildings in the summer and an additional 80% energy savings during 

the cold season.9 The air permeability of the walls of underground 

buildings in Britain was determined at a lower rate of 0.23 m3/h/m2, 

while according to the United Kingdom Building Regulations this rate is 

equal to 10 m3/h/m2.8 Underground buildings do not have any kind of 

There are no thermal bridges, which are a significant heat loss channel 

for traditional buildings, and their presence on buildings makes all 

attempts to pack the building with thermal insulation costs completely 

ineffective. No dew point is formed in its walls. The building ensures the 

creation of rainwater reserves, due to which the volume of fresh water 

consumed is sharply reduced, thus it fully responds to the important 

challenge of "green construction". Through the use of bio-toilet and 

composting of bio-household waste in a civilized manner, the building 

does not require any waste disposal services during operation. 

Unfamiliar natural lighting is considered a disadvantage of the 

underground house. The Spectralight® Infinity Tubing solar lighting system without solar panels 

allows the building to receive sunlight up to 20 m from the wall. 10 Fig. 5.  Solar lighting system. 

When constructing such structures, it is important to carry out geological work in full, study the 

groundwater level and flows. Determine the characteristics of the soil type and its tendency to slide. 

There are various cases of placing houses underground. Fig. 1. Two cases are presented, a building 

completely underground except for one wall Fig. 1..b. and a building located on a slope and not 

completely covered with earthUnderhill House and Sedim House have established themselves as the 

most outstanding underground structures that fully meet all the requirements for human living 

conditions and have a number of advantages, do not require central heating, do not consume energy 

from external suppliers, and have zero negative impact on the environment. There, underground 

houses are built on slopes, with a mandatory requirement in case of their inclination exceeding 40 

degrees, in order to avoid damage to green spaces, in the vicinity of historical and cultural zones.8 

There is sufficient experience in building houses on slopes in Georgia. Most of the second floors of 

houses built in the late nineteenth and first half of the twentieth centuries were made of wooden 

materials. The houses were not distinguished by their large size and did not require the removal of a 

large volume of soil from the steep slopes during construction. Often, in order to prevent the slope 

from collapsing, the back wall of the building, if not both floors, the first floor was completely 

supported by the open wall of the slope, and thus it also served the function of reinforcing the slope in 

order to prevent it from collapsing. Such houses have been preserved to this day in various regions of 

the country, especially in cities. In Kutaisi, on the left bank of the Rioni River, after the Second 

Synagogue, there are more houses on the slope side The share is built in this way. Fig. 6. Using a 

similar approach to building a structure allows for efficient use of space in a river valley, where there 

is insufficient land for building. At the same time, the open slope is protected from erosion by the rear 

wall of the building that is tightly attached to it. Fig. 1.A. There are cases of underground houses being 

built on a plateau. In such conditions, the house is completely underground with all its walls. In most 

cases, the front wall of underground houses is bordered by glass to the outside space, through this wall 

the building is illuminated by sunlight. As for the rear walls, according to the green building standard, 

the presence of windows on the north side of the rear is not recommended. During the day, there will 

already be natural lighting with solar lighting systems, and at night, in the absence of its windows, this 

space of the building, like the entire building, will be fully provided with fresh air through 

recuperation. It is noteworthy that, unlike above-ground buildings, it is much easier to equip these 

buildings with the ability to provide their own non-alternative energy resources, with heat pumps, 

which allows the house to be classified as a passive house 
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Result 

Underground houses, completely forgotten in the distant past, are gradually becoming more and more 

popular, for this there are important preconditions and motivations: 

- In dense urban settlements, shopping centers, parking lots, spaces for entertainment and sports clubs 

are being built, there is no alternative to underground structures. 

- In conditions of a relief represented by large irregularities, in order to ensure the stability of the 

building and prevent the development of 

landslides, the only optimal option for 

building a residential building is an 

underground structure. 

- The extremely unacceptable practice of 

building new buildings near historical and 

cultural heritage monuments has become 

more common, while even minor changes 

to such spaces must be made in agreement 

with UNESCO. In such landscapes, 

especially in our conditions, when the vast 

majority of such structures are located on mountainous terrain, underground structures are the only 

right solution. 

- If necessary, the construction of underground structures in green spaces, protected areas, state 

reserves is the best solution to avoid their rough interference with infrastructure projects.                                                                               

  - All studies confirm that underground structures are the only one of many options that respond with 

maximum accuracy and often excessive data to the requirements of the Energy Efficiency Law, 

relevant regulations and the “green building” standard. 
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Abstract 

The article discusses the possible ways out of the problem of energy consumption and related environmental and 

resource efficiency, taking into account the goals developed by the UN Global Development Goals, focusing on 

construction and the volumes of energy consumption in the construction sector and the possibilities for its 

reduction. The possibilities of producing energy-efficient blocks from recycled plastic and their advantages in 

terms of ensuring energy efficiency are presented. The article presents the possibilities of eliminating balconies 

as thermal bridges with these blocks. 

 
Keywords: environmental protection, energy efficiency, thermal bridges, recycled plastics, energy-efficient 

blocks. 

 

Introduction  

Not long ago, environmental protection was recognized as a significant problem of civilization. 

Along with environmental protection, resource management and the search for ways to use them 

effectively are important challenges of the modern world. The UN adopted a resolution in 2012 to 

approve a document that presents 17 development goals. In the list and description of these goals, 

environmental protection and resource management occupy a clearly defined place. Construction 

consumes 40% of energy resources and 46% of material resources produced on Earth. 37% of fresh 

water. Construction at all stages simultaneously generates 35% of waste. According to a fairly serious 

forecast, in 2030, the world's population will exceed 9 billion, which will obviously increase the 

demands on resources even more. Construction occupies a leading position in terms of greenhouse gas 

emissions into the environment, decarbonization is recognized as an essential goal of the UN 

Sustainable Development Concept. In 2016, the country adopted a law on energy efficiency in 

construction, and in 2021, Resolution 354 was approved, which explains in detail what requirements 

buildings must meet in order to ensure their energy efficiency.  

Methods and Methodology 

Experiments were conducted to obtain reliable information. The research used a digital model for 

calculating the results of the experiment, as well as methods of analysis and analogy. 

The resolution divides the country into three climatic zones and includes the required heat 

transfer rates for their structural elements, walls, floors, windows, and roofs, according to the zones, 

which they must meet. According to the law, all buildings for which a construction permit was issued 

after its adoption must meet the requirements set out in Resolution 354. There are two ways to reduce 

energy costs in construction: thermal insulation of the relevant elements of buildings in order to ensure 

proper heat insulation, and equipping buildings with appropriate engineering systems. All newly 

constructed buildings must meet the established energy efficiency requirements, and in addition, old 

buildings should be studied through an energy audit to determine their existing energy efficiency 

characteristics, so that their energy characteristics can be brought into line with the requirements 

established by law through further planned measures. For decades, buildings have been constructed in 

Europe in accordance with the requirements established by "green construction".First, in 2008, the 

United States Department of Energy (DOE) began building houses with the requirements of the Zero 

Energy Program. This set the path for newly built houses to replace the energy consumption generated 

by traditional sources during the operation of buildings with renewable energy, thereby compensating 
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for annual energy consumption. Today, there are only isolated cases in the country of equipping 

buildings with appropriate engineering 

systems, heat pumps, and solar panels. A 

large amount of resources is spent on 

insulating buildings in the country, but 

even a simple observation makes it clear 

that the walls of buildings that are of 

different thicknesses and are built of 

extremely different materials are insulated 

with the same insulation material of the same thickness, while walls that are built of brick, block, tuff, 

stone and have a sharply varying heat transfer coefficient, in some cases, insulation with a material of 

the same thickness cannot ensure the 

thermal insulation of the building in 

compliance with the appropriate 

requirements. Even under conditions of 

high-quality insulation of the building 

equipped with appropriate engineering 

systems, the process of heat loss continues, 

in winter, when the internal temperature 

exceeds the external temperature, heat flows 

from the inside to the outside, and in 

summer, on the contrary, heat is brought in 

from the outside to the inside. This process occurs continuously, regardless of the weather and season, 

without any form of intervention in it. This continuous heat flow and inflow process in buildings is 

completely dependent on the shape and quantity of so-called thermal bridges. The building envelope 

has areas of low thermal resistance through which heat can easily pass, such as windows, doors, roofs, 

and vertical and transverse concrete wall beams. Thermal bridges are defined as areas of very low 

thermal resistance in the building envelope, Among thermal bridges, the greatest heat losses are 

associated with air gaps. Due to them, the quality 

of thermal insulation can deteriorate by 20 to 

40%, and heat loss can reach 35%. Fig. 1. 

Possible cases of thermal bridges are presented. 

As a result of ongoing research at Akaki Tsereteli 

University, energy-efficient blocks were created, 

the manufacture of which used a filler based on 

local raw materials, which provides sufficient 

strength when used as a filler for building blocks, 

and the main part of their mass, 80%, is 

represented by crushed secondary plastic. Walls 

built with these blocks in most cases without thermal insulation meet the requirements established by 

law for thermal conductivity, Or they require thermal insulation with a minimum thickness. During the 

research, the optimal conditions for arranging horizontal surfaces through the mentioned blocks, Beam 

and Block Floors, were found, Fig. 2. When arranging horizontal surfaces between floors, the optimal 

conditions for their use, which is more important, the arrangement of balconies with the mentioned 

blocks allows minimizing the effect of the balcony as a thermal bridge.                                                                                                                       

 

Result  

When arranging the balcony, it will be used. In this case, in the manufacture of supporting 

beams, in order to reduce heat transfer and ensure strength in it, fiberglass reinforcement will be used, 
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the balcony will be supported on supports in the external space, instead of a concrete slab, blocks 

made of plastic will be arranged on it, Fig. 3. Which will be cast from blocks made of secondary 

plastic in the optimal proportion determined as a result of research, blocks with a density of 500 kg/m³, 

thermal conductivity ≤ 0.7, vertical load 1.5–3.5 MPa, annual absorption rate, 7-12%. Which ensures 

proper strength and thermal conductivity. Balconies can be arranged without supports if a concrete 

strip-type support is cast along its entire perimeter, cantilevered into the wall. Fig. 3.b. The 

arrangement of walls, roof overlaps and balconies with this technology reduces heat loss by 40-60%, 

which, in the case of massive implementation of this technology, provides a serious opportunity to 

save energy spent on heating and cooling the building and, accordingly, reduce environmental damage.  
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Abstract 

The issues discussed in our proposed article, in our opinion, will help students of medical and biomedical 

electronics to study more widely such an important and relevant field of medical physics. Such as the impact 

of radioactive radiation on a living organism. And the possibilities of using radioactive drugs in medicine. 

Also, this article is intended for people who work in radiation risk zones and for any interested reader. 

 

Keywords:  Radioactivity, Penetrating radiation, Absorbed dose, Radioactive drugs. 

 

Introduction 

 Every person on Earth is exposed to radiation from many different sources. Usually, this 

radiation is practically harmless to humans, but even everyday radiation, such as sunlight, can cause 

eye or skin damage if exposed to high doses. Infrared radiation (from heat sources) and microwave 

radiation can also cause similar effects if exposed to high doses. But when the term "radiation damage" 

is used, it means damage caused by high-energy radiation. The source of this energy can be X-rays or 

 rays from medical equipment. Also, and streams of elementary particles (protons, neutrons, nuclei), 

the main source of which is the decay of radioactive isotopes, particle accelerators, etc. 

The main part of all the above radiation is spent on ionization of the irradiated substance and 

therefore they are called ionizing radiation. 

The biological effect of radiation is manifested not only on the direct object of irradiation, but 

also through the hereditary apparatus, on future generations. This circumstance, as well as its 

conditional prediction, makes the issue of radiation protection particularly acute. 

The specificity of the biological effect of radiation is a hidden, so-called latent period. Different 

parts of the cell are differently sensitive to the same dose of radiation. For example, the cell nucleus is 

especially sensitive. Radiation radiation affects such a function of the cell as cell division. During 

irradiation, growing tissues are damaged first of all. Because of this, radioactive radiation is especially 

dangerous for children, even if they are in the mother's womb. In general, a large dose of radiation can 

lead to a lethal outcome. With a small dose, various types of radiation diseases develop in the body. 

Finally, the paper discusses the use of radioactive isotopes in medicine for special diagnostics 

and therapy. One of the main reasons for the use of radioisotopes in medicine is the ability of various 

organs of the body to selectively absorb this or that isotope. For example, iodine is selectively 

absorbed by the thyroid gland. In addition, the half-life of the iodine isotope 131I is 8.05 days. 

Therefore, if a patient swallows a small amount of iodine containing this isotope, it will penetrate the 

gland and then disintegrate within one to two weeks. So that it does not have time to cause radiation 

damage to the body. In addition, the radioactive isotope will give us information through radiation, 

which is obtained by means of a scanning device. 

 

Methods and Methodology 

 The absorbed dose of radioactive radiation depends not only on the nature and properties of 

the radiation but also on the nature of the substance that absorbs it.  

 Radiation exposure is measured by the absorbed dose D of radiation  by an object. The unit 

of which in the Si system is the gray (Gy), which is equal to the amount of energy absorbed by a body 

of unit mass 1 gray = 1 J/kg. The non-systemic unit rad (rad) (1 rad = 10-2 gray) is often used. 

Because radiation is reduced in the human body. the biological effect of radiation depends not 
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only on the absorbed dose, but also on other biological and chemical factors. Therefore, different types 

of radiation have different biological effects. Accordingly, the quantity - the radiation quality factor 

K (rqf), which is given in the following table, is introduced. [1] 

 

Table 1. The radiation quality factor K (rqf)   

X-rays or  rays   1 

 rays and electrons                     1 

thermal neutrons                              3 

fast neutrons                                     10 

 rays                                          20 

protons 2...10 MeV.                          2 

heavy nuclei                                     20 

 

Accordingly, the amount of energy absorbed by a biological organism is called the equivalent dose 

and is determined by the formula 

Deq = KD        (1) 

Where K is the quality factor of the radiation, and D is the absorbed dose of radiation. In the Si 

– system, the unit of equivalent dose is the sievert (Sv). While outside the system, the unit is the ber 

(ber) 

For example, if one person's whole body received a dose of  D1 = 0.08 gray  – radiation, and the 

other person, due to drinking a radioactive substance, received a dose of D2 = 0.007 gray  – particle 

radiation. Which of them will receive more radiation damage? 

   = 1 0,08 = 0,08 gray 

While the actual dose of radiation received by the second person is 

   = 20 0,007 = 0,14 gray 

As we can see, even though the dose of  particle radiation received by the second person is much less 

than the dose of  radiation received by the first person, the radiation damage caused by him is still 

approximately 20 times greater than the radiation damage received by the first person. 

 The value of the absorbed exposure dose of radiation by the body Dexp. also depends on the 

distance R from the radioactive source to the irradiated object and on the radioactivity of the radiation 

source. This dependence is described by the formula 

Dexsp. =                                      (2) 

Where  the constant gamma of the radionuclide, A – radioactivity of the substance in microcuries; t 

- irradiation time in hours. 

For example, consider the following problem: An object is located at a distance of R = 0.3 m 

from a point source of  60Co radiation. The equivalent dose rate of  rays on an object at a distance of 

  rays is Peq = 450 mSv/h. At what distance R from the source should the service personnel stand so 

that the radiation dose does not exceed the permissible radiation dose (PRD) value. When the 

radiation is carried out on average for a 36-hour work week for one year, or 1700 hours. 

As a result of calculations using formula (2), we obtained that the permissible distance for 

personnel from a radioactive source is approximately 1.17 m [2]. 

To protect against penetrating  radiation, concrete and lead plates are used, which are 

characterized by different linear coefficients of -ray attenuation and depend on the radiation energy 

and the properties of the absorbing material. 

Consider this case for lead plates. This is especially relevant because radioactive drugs are often 

stored in safes made of thick lead. 

For example, if the wall thickness of a lead safe is d = 5 cm, how many times can it reduce the 
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penetrating -ray radiation emitted by the radioactive drug 60Co  stored in it? 

According to the well-known formula of Buger, the intensity of rays penetrating the plate as a 

result of irradiation  I is equal to 

                          (3) 

Where   –  the intensity of rays of energy 2.4 MeV irradiated on a plate of thickness d. – is the 

linear attenuation coefficient of  – radiation. For the 60Co preparation it is equal to  =0.62 cm-1 then 

we get that 

 =   15,5       (4) 

Thus, a 5 cm. thick lead plate reduces the penetrating radiation of  – radiation by about 16 times. 

Let's see what the result would be when irradiated with gamma radiation of the same intensity and 

energy of 2.4 MeV and using a drug with the same radioactivity if we stored the drug in an aluminum 

container. 

From the tables it is known that for aluminum the linear attenuation coefficient of  radiation is 

μ = 0.13 cm-1. Since the radiation intensity is the same in both cases. According to the formula (8) we 

write 

 =                         (5) 

From which the thickness of the aluminum plate is equal to 

23,8 cm.       (6) 

As can be seen, under the same conditions, the effectiveness of a 5 cm thick lead plate for 

protection against penetrating radiation of  - radiation is approximately 5 times higher than the 

effectiveness of an aluminum screen used for the same purpose. 

In medicine and other fields, protection against X-ray radiation is often required. Calculations 

show that in order to reduce the effect of X-ray radiation on an object by a factor of 100, at least 7 

layers of lead plates of half the thickness of the radiation are required.[1] 

Radioactive drugs (radionuclides) are widely used in medicine for the diagnosis and treatment 

of various diseases. One of these widely used radionuclides is the radioactive isotope of iodine  or 

. 

Consider the following problem. Metastases of thyroid cancer can spread to different parts of 

the body. To obtain information about it, the radioactive isotope   is introduced into the body, 

which is, say, placed in V = 25 ml. 10% glucose solution. If at the time of administration the iodine 

activity A = 0.08 mKi/ml. Then the amount of iodine (in grams) can be determined by the following 

mathematical calculations. 

It is known that the activity of a radionuclide A in a sample is calculated by the formula 

 
Where N is the number of radionuclides, and  is the decay constant, which characterizes the 

probability of one atom (nucleus) decaying in time. And  is the half-life,  

at is, the time during which half of the number of atoms (nuclei) decays, and the half-life of  

is 8.08 days or 6,9 s. The number of nuclei in the body of mass m is N=  ∙ where  is 

the atomic mass unit (amu) and  = 1,66   g and M is the mass number of iodine 

 
From which the mass of radioactive iodine in grams in a solution of volume V is m =  g 

 

Result 

The discussed practical tasks, along with other equally interesting tasks that the format of the article 
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does not allow for discussion, will, in our opinion, help students majoring in medical and biomedical 

electronics to more deeply study such an important and relevant field of medical physics as the impact 

of radioactive radiation on a living organism. 

 

Conclusions 

The purpose of this article is to provide students of the Biomedical Electronics specialty and those 

who work with living organisms in radiation exposure risk zones with the opportunity to study the 

mathematical calculation methodology that allows calculations of the area of radiation damage and the 

permissible dose of radioactive drugs used for treatment. 
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Abstract. 

 The efficiency of fertilizer use in irrigated agriculture is a key factor affecting both crop productivity and 

environmental sustainability. A significant portion of fertilizers applied to the soil is not absorbed by crops and 

instead leaves the root zone with irrigation or drainage water. This creates economic losses, reduces soil fertility, 

and contributes to water pollution. The problem of determining the amount of unused fertilizers in irrigation 

runoff has become increasingly important for the development of sustainable agricultural systems. This article 

reviews the main issues related to fertilizer losses, formulates the problem, proposes solutions, and introduces 

methodological approaches based on theoretical models and simulation techniques. A simulation model is 

developed for nitrate leaching under different irrigation practices. The results show that precision irrigation 

combined with sensor-based monitoring can reduce fertilizer loss by 30–50% compared with conventional 

surface irrigation. 

 
Keywords: irrigation water, nutrient leaching, nitrate monitoring, fertilizer loss, precision agriculture, 

simulation modeling 

 

1. Introduction and Literature Review 

Irrigation systems are designed to improve crop yields, but they also contribute to fertilizer 

inefficiency when excess nutrients are washed away with drainage water. Studies have shown that 

nitrogen and phosphorus leaching not only reduce fertilizer-use efficiency but also contaminate surface 

and groundwater sources [1, 2]. 

Research in the field has identified several factors that influence fertilizer loss: soil type, 

irrigation method, fertilizer formulation, and crop growth stage [3]. Advanced methods such as sensor-

based monitoring [4], hydrological modeling [5], and remote sensing [6] have been applied to estimate 

fertilizer residues. However, there is still no universally adopted methodology for precise 

determination, particularly in heterogeneous agricultural soils. 

 

2. Problem Statement 

The central problem is to determine the amount of unused fertilizers that leave the irrigation 

environment with drainage water. 

Formally, let: 

−  total fertilizer applied, 

− fertilizer absorbed by plants, 

−  fertilizer retained in soil after irrigation, 

−  fertilizer lost with drainage water. 

The fertilizer balance can be expressed as: 

 

The problem is to quantify accurately under varying soil, crop, and irrigation conditions. 

Challenges include: 

− Spatial and temporal heterogeneity of soil and water flow. 

− Dynamic nutrient uptake by crops at different growth stages. 

− Transformation of nutrients (e.g., nitrification, denitrification). 

− Lack of real-time monitoring data in many irrigation systems. 
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3. Proposed Solutions 

To address the problem, the following solutions are proposed: 

1. Measurement-Based Solutions 

− Water sampling from lysimeters and drains. 

− Use of in-situ nitrate and conductivity sensors. 

2. Model-Based Solutions 

− Hydrological models (e.g., HYDRUS-1D, SWAT) to simulate solute transport. 

− Fertilizer balance models linking plant uptake, soil retention, and leaching. 

3. Optimization Solutions 

− Precision irrigation with fertigation to match nutrient delivery with crop demand. 

− Controlled-release fertilizers to reduce nutrient leaching. 

 

4. Methodology 

4.1 Theoretical Model 

Nutrient transport in soil under irrigation is governed by the convection–dispersion equation 

(CDE): 

=D − υ − μC 

Where: 

−  = nutrient concentration in soil solution (mg/L), 

− D = dispersion coefficient (cm²/s), 

− υ = average pore water velocity (cm/s), 

−  = soil depth (cm), 

− μ= nutrient uptake/decay rate (s⁻¹). 

Boundary conditions are defined by irrigation water input and root uptake zones. 

4.2 Solution Method 

− Analytical solutions exist for simple cases (constant input flow). 

− Numerical methods (finite difference or finite element) are used for realistic irrigation 

schedules. 

− Integration with crop growth models improves accuracy. 

 

5. Simulation Model 

To illustrate the methodology, a simulation of nitrate leaching was performed using HYDRUS-1D 

for maize under two irrigation methods: 

− Case A: Surface (flood) irrigation. 

− Case B: Drip irrigation with fertigation. 

Assumptions: 

− Fertilizer applied = 200 kg N/ha. 

− Soil type = sandy loam. 

− Simulation depth = 1 m. 

− Growing season = 120 days. 

 

6. Results and Discussion 

The simulation results indicate significant differences between irrigation practices: 

 

Irrigation Method Fertilizer Uptake (%) Soil Retained (%) Leaching Loss (%) 

Surface Irrigation 50 20 30 

Drip Irrigation 70 20 10 
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− Under surface irrigation, approximately 30% of applied nitrogen was lost as leaching water. 

− Drip irrigation reduced nitrogen loss to 10%, improving nutrient-use efficiency. 

− These results align with findings of Ahmed et al. (2021), where drip irrigation reduced N-

leaching by up to 60%. 

 

7. Conclusion 

Determining the amount of unused fertilizers in irrigation water is a complex but essential task for 

sustainable agriculture. The integration of direct measurements, modeling approaches, and 

optimization strategies can provide accurate estimates of fertilizer losses. 

Theoretical modeling based on the convection–dispersion equation, combined with simulation 

tools such as HYDRUS, provides a practical framework for quantification. Results show that 

advanced irrigation methods, especially drip fertigation, can significantly reduce nutrient losses, 

thereby improving both economic efficiency and environmental sustainability. 

Future research should focus on: 

− Developing low-cost real-time nitrate sensors. 

− Enhancing AI-based predictive models. 

− Designing closed-loop irrigation systems with nutrient recycling. 
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Abstract 

The presented research addresses one of the fundamental global challenges of increasing energy efficiency and 

reducing environmental impact by proposing an innovative and highly efficient thermodynamic solution based 

on the hypothetical Ericsson–Stirling cycle. The theoretical Ericsson–Stirling cycle presents a new paradigm in 

thermodynamic efficiency that not only exceeds that of the Rayleigh ideal cycle, but also surpasses the efficiency 

of the classical Carnot cycle within a specific operational temperature range. The major contribution of this work 

lies in the proof that the Ericsson–Stirling cycle can achieve superior performance under defined thermodynamic 

conditions, thereby questioning the conventional boundaries of thermal cycle efficiency. Unlike the purely 

theoretical Carnot cycle, the practical implementation of a small-capacity Ericsson–Stirling thermal machine is 

feasible. Furthermore, by combining multiple pairs of piston–cylinder units within a single high-pressure vessel, 

the total power output of the engine can be proportionally increased. The successful implementation of the 

Ericsson–Stirling cycle can lead to next-generation thermal machines with significantly higher efficiency and 

lower environmental impact, offering new opportunities in sustainable energy production. 

 

Keywords: Thermodynamic, Carnot-cycle, Rayleigh-cycle, Ericsson-Stirling-cycle.  

 

Introduction 

Among the infinite number of regenerative thermodynamic cycles, a few stand out for their 

highest thermal efficiency, which can equal that of the ideal Carnot cycle. Such high-efficiency cycles 

include the Stirling and Ericsson cycles, both of which share two isothermal processes out of their four 

thermodynamic processes.  

Regenerative thermodynamic cycles were further developed in the form of the Rayleigh cycle 

[1]. This cycle includes two isothermal and two regeneration processes, which occur partly at two 

states of constant pressures and partly at two states of constant volumes (Fig. 1). Thus, the Stirling and 

Ericsson cycles can be considered as particular cases of the Rayleigh cycle, consequently the results 

obtained from the analysis of the Rayleigh cycle are therefore applicable to these specific cases as 

well. 
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Fig.1. Ideal regenerative Rayleigh cycle. 

 

The processes of compression and expansion are isothermal. Regenerative processes are partly 

isobaric and partly isochoric. 

Let’s discuss a particular case of the Rayleigh cycle shown in Fig. 2. 

Figure 2 illustrates a particular case of the Rayleigh cycle, when it consists of one isothermal and two 

regenerative processes, with heat supplied isobarically and isochorically. This configuration can 

accordingly be referred to as the hypothetical Ericsson-Stirling cycle. 

Figure 3 below shows the principal scheme of the cycle operation. 
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Fig. 2. Particular case of the Rayleigh cycle (hypothetical Ericsson-Stirling cycle). 

T1

2

3

45 1

T3

 
Fig. 3. The principal scheme of the cycle: 1 - working piston; 2 - displacer; 3 - refrigerator; 4 - heater; 

5 - regenerator. 

 

The particular case corresponds to the Stirling cycle, which includes two processes (isochoric 

and isothermal processes), as well as the Ericsson cycle, which includes two processes (isobaric and 

isothermal processes). Accordingly, this cycle can be conventionally referred to as the hypothetical 

Ericsson-Stirling cycle, which is carried out through the following processes: 

1 - Isochoric regenerative process: Before the start of this process, the displacer and the working 

piston are in the extreme left position. The working fluid is at ambient temperature of T1. The working 

piston and the displacer then move synchronously to the right (4-1) such that the volume between 

them remains constant. As the working fluid passes through the heated regenerator, its temperature 

rises to the maximum value of T3 and the pressure corresponding increases in the so-called thermo-

compression mode (1-2). 

2 - Isothermal expansion process: The displacer remains in the extreme right position while the 

working piston begins movement, maintaining the working fluid at the constant temperature T3 (2-3). 

During this process, the supplied thermal energy is fully converted into work. When the working 

piston reaches its extreme right position, the pressure drops to the minimum, corresponding to the 

ambient pressure. 

3 - Isobaric regeneration process: The displacer remains in its extreme right position, the release 

valve is opened and the working piston moves to its extreme left position. After this movement, the 

working fluid, heated to temperature T3, transfers part of its thermal energy to the regenerator, while 

the remaining energy is released to the environment (3-4). The working piston remains in its extreme 

left position and the displacer is then moved to its extreme left point. As a result, working fluid at 

ambient temperature T1 fills the volume (1-4), which was previously occupied by the displacer. 

 

Methods and Methodology 

Analysis of the hypothetical Ericsson-Stirling cycle is presented. According to the second law of 

thermodynamics [3]: 

                             Q1– Q2=W                                                                      (1) 

Work in an isothermal process is determined by the following formula 

W=R ( / ) 

Considering that, in the isochoric and isobaric processes of this cycle, there is a ratio T3/T1 = P3/P1 and 

on the other hand P3/P1 =V1/V3,  we get the following formula: 

W=R / )  (2) 

The amount of heat transferred to the environment in this cycle is determined by the following 

equation: 

        Q2= Qp-Qv =Cp (T3-T1) – Cv (T3-T1)                                                          (3) 
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To calculate the amount of heat supplied in the cycle, we need to use equations (1), (3) and we will 

get: 

Q1= Q2+W = Qp-Qv + W 

So 

= ( - )- ( - )+R / )=( - )( - )+R / )=R( - )+R / )    (4) 

The thermal efficiency of the cycle will be:  

(5) 

Result 

The efficiency of the presented cycle clearly depends on the regenerator’s effectiveness, ε. Fig. 4 

presents a comparison of the hypothetical Ericsson-Stirling and Carnot cycle efficiencies at different 

regeneration degrees and heater temperature T3 (ambient temperature T1=300K). 

 
Fig. 4. Comparison of hypothetical Ericsson-Stirling cycle and ideal Carnot cycle efficiencies for 

different degrees of regeneration 

 

In a specific temperature range, the efficiency of the hypothetical Ericsson–Stirling cycle exceeds that 

of the Carnot cycle as well as other regenerative cycles with comparable performance. It should be 

noted that, unlike the Carnot cycle, a thermal machine operating on this cycle can be practically 

implemented, making it particularly suitable for small-capacity applications. 

Conclusions 

The capacity of the cycle is determined by the mean indicated pressure; accordingly, a higher initial 

pressure allows greater power to be extracted from the cycle. Therefore, the cycle elements must be 

placed under high-pressure conditions (100 bar or more), ensured by a hermetic casing as shown in 

Fig. 5. 

                   

 

 

 

 

 

 

 

 

 

 

Fig. 5. Liquid piston option of the Hypothetical Ericsson-Stirling cycle performance under the 

high initial pressure condition (casing isn’t shown in the figure). 

The movement channel 

for the upper piston 

The movement channel 

for the lower piston 
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1-Displacer; 2-Valves; 3-Regenerator; 4-High temperature heat exchanger; 

5- Working piston; 6- Movement channel for lower piston; 7- Movement channel for upper piston. 

As shown in Fig.5, the movement channels for the upper and lower pistons allow for the placement of 

several pairs of piston-cylinders in the high-pressure vessel, which proportionally increases the total 

power of the engine. 
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Abstract 

     Today, a radical restoration and comprehensive reconstruction of the regions liberated from the occupation, 

change and modernization of their spatial planning structure, complete restoration of the architecture of buildings 

and structures, and improvement of the technical quality of engineering equipment are required. Construction 

production should be carried out with the rational use and economical use of all types of resources (substances, 

energy), with a safe impact on humans and the environment. The issues of indigenous and sustainable restoration 

of these areas as a whole should be resolved by the introduction of modern technologies, environmental 

management, and social regulation. Resource and energy saving reduce the volume of waste, discharges and 

emissions, which in turn reduces their negative impact on humans and the environment. 

     The article examines the details of a comprehensive approach to the construction and operation of modern 

energy-efficient buildings. It proposes the potential for integrated remote monitoring of all processes from the 

design stage through to the end of the building's operational life. The proposed package is based on principles of 

energy efficiency and environmental safety of buildings. 

 

Keywords: energy efficient buildings, energy saving, energy resources, building life cycle, outdoor 

climate. 

 

The construction industry, which plays a crucial role across all sectors of the national economy, 

is currently undergoing significant transformations driven by the demand for increased energy 

efficiency. In this context, regulatory measures are being implemented to enhance energy and 

environmental performance, as well as to promote resource and energy conservation. 

The goal of designing and constructing energy-efficient buildings is to utilize energy resources 

more effectively—those used to supply energy to a building—by implementing innovative solutions 

that are technically feasible, economically justified, and acceptable from environmental and social 

perspectives, without altering the conventional way of life [1]. When selecting energy-saving 

technologies, priority is given to technical solutions that also contribute to improving indoor climate 
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conditions and protecting the environment. 

In the construction sector, energy conservation is primarily aimed at improving the thermal 

insulation of buildings. This is achieved through a combination of various measures, including 

architectural and planning strategies, structural and engineering design solutions, increasing the 

thermal resistance of external enclosures and windows, installation of energy-saving engineering 

systems, and so forth. This comprehensive approach enables the achievement of a key indicator of a 

building's energy performance: the reduction of heat energy consumption for heating and ventilation. 

This is expressed through a specific heat consumption characteristic for heating and ventilation, which 

is determined based on the local climate, selected spatial-planning solutions, orientation, thermal 

insulation properties of the enclosing structures, the building's ventilation system, and the 

implementation of other energy-saving technologies [2]. 

The importance of resource conservation in the modern economy stems from the necessity to 

develop and implement an integrated model of resource-efficient construction management. This 

model is based on systematically accounting for factors that reduce resource and energy consumption 

at all levels and stages of construction project management. 

The life cycle of a building encompasses the following main stages: design, construction, 

operation, major renovation, and demolition. From the perspective of energy consumption, the first 

and last stages are of little interest. The majority of energy expenditures—up to 90%—occur during 

the building's operation, while the production of construction materials and structures accounts for 

about 8%, and the construction process itself roughly 2%. In terms of energy conservation in 

residential construction, the design and construction stages play a leading role, as their outcomes 

significantly impact the socio-economic benefits realized during the building’s operational phase [3]. 

The role of design in solving energy conservation challenges in residential construction lies 

primarily in processing information about the building, developing architectural and structural 

concepts, selecting alternative project options in accordance with construction regulations, evaluating 

the innovation level of design solutions and investment potential, and ultimately converting all this 

information into a finalized project. Thus, the implementation of energy-saving measures during the 

design stage involves an initial phase (project concept), followed by a feasibility study (evaluation of 

project performance indicators), and finally the development of the architectural and structural design 

[4]. 

Particular attention must be paid to issues related to the environment, cost, comfort, and 

reliability of building operation. It is important to emphasize that modern building design often 

overlooks key objectives such as creating a human-friendly living environment and addressing human 

needs, as well as architectural form development in accordance with site-specific and contextual 

conditions. Deficiencies in design solutions, outdated standards, and flaws in construction and 

operation practices continue to result in excessive heat loss in buildings. 

A building is a complex architectural and structural system composed of numerous elements—

enclosing structures and engineering equipment—where various physical processes of heat absorption, 

transformation, and transfer take place [5]. 

Energy-efficient buildings are a current reality and one of the essential elements of sustainable 

development in human habitats. Since the late 1970s, they have evolved in the European construction 

industry from isolated pilot projects into actual structures, including energy-active, energy-passive, 

zero-energy, and energy-efficient buildings. These buildings represent a synthesis of architectural, 

structural, and engineering solutions aimed at reducing energy consumption without compromising 

reliability or comfort [6]. 

Despite active policies aimed at energy conservation and improving energy efficiency, many 

problems remain unresolved: 

1. The current practice in our Republic of designing new buildings with a designated energy 

efficiency class, or renovating existing buildings to improve this class, does not take into account the 
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dynamics of the building life cycle: neither the client nor the designer is interested in energy saving or 

improving the building’s energy efficiency due to the lack of incentive mechanisms. 

2. The organization of construction processes in our country is not oriented toward energy 

conservation: at present, the construction production process is regulated by the Set of Rules (SP), 

which does not prioritize energy efficiency. 

3. New buildings are constructed without consideration for the principles of sustainable 

development of the living environment, according to which a balanced decision between renovating an 

existing building or demolishing it and constructing a new one is essential for harmonious 

development. 

4. The existing regulatory and technical framework for energy-efficient construction governs 

individual processes—such as tightening thermal performance requirements for building enclosures 

and increasing the level of overall thermal protection of buildings—while increasing these 

requirements not only raises construction costs but also negatively affects the durability of building 

enclosures. Thus, there is a lack of systemic requirements for integrated management of construction 

processes. 

5. Insufficient attention is given to the final stage of the building life cycle: decommissioning, 

dismantling, and recycling of construction materials after demolition. 

In our view, one of the main causes of the problems described above is the lack of a 

comprehensive approach to the organization of a building's life cycle. The key point here is the need to 

regard a building not merely as a static object, but to consider it in terms of its life cycle, 

encompassing the interconnection and dynamics of all processes: design, construction, operation, and 

decommissioning [7]. The life cycle of a building can be defined as a set of causally related stages, 

phases, and processes that form a complete development cycle from the initial design concept to 

decommissioning [8]. 

The operation and life cycle management of buildings as energy systems, with a focus on 

energy conservation and efficiency, has been the subject of study by foreign researchers for over 50 

years, yielding significant results. Notably, there are now well-known examples of buildings designed 

and constructed to consume zero non-renewable energy resources. A comprehensive review of zero-

energy buildings and their calculation methodologies conducted by international experts led to an 

important conclusion: despite differences in definitions and calculation methods, the foundational 

methodology for designing "zero" buildings is a systems-based approach, along with the consideration 

of the building's life cycle dynamics as a system. 

Thus, improving the energy efficiency of buildings and reducing their energy intensity is 

impossible without recognizing that a building, as a unified energy system, is not merely a sum of its 

individual elements, but a special integration of components that gives rise to new qualities not found 

in the individual parts. A comprehensive approach is a methodology for studying objects as systems. 

An integral component of this comprehensive approach is the process-based approach, since the 

central concept of systemic analysis is the concept of a process [9]. When analyzing a building as an 

energy system, it is necessary to recognize that the building, as a system, goes through all stages of its 

life cycle, each of which is a process. The management of these processes must be based on assigning 

a center of responsibility for ensuring the building's energy efficiency [10]. 

The main goal of a comprehensive approach is to establish a targeted operating condition for the 

system as anticipated by proactive planning. Therefore, the main task of applying a comprehensive 

approach to organizing the life cycle of energy-efficient buildings is to ensure the building functions in 

such a way that a high level of energy efficiency is maintained across all stages. A comprehensive 

approach to the life cycle organization of energy-efficient buildings also aligns with the principles of 

sustainable development of the living environment and the system-engineering principles of energy 

efficiency [11]. 

In our view, the current organization of a building’s life cycle does not meet the core principles 
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of a comprehensive approach, specifically: 

Goal Setting – A high level of energy efficiency is not always established as the primary 

objective during the construction, operation, or renovation of a building. There is a lack of 

methodology for a comprehensive assessment of building energy consumption that accounts for 

energy use across all stages of the building’s life cycle. Investors, designers, builders, and operating 

organizations often have differing goals and pursue them at various stages of the building’s life cycle. 

External Environment of the System – The outdoor climate, the earth’s surface as a source of 

energy, and the energy exchange between the building and its environment must be considered during 

the design stage. During the construction and operational stages, the interaction between the building 

and the external environment is typically viewed only from the perspective of external influence (e.g., 

decisions about insulating external structures), while the building’s impact on the environment (such 

as its infrastructure, resource and energy exchange, and disposal of materials following repairs, 

renovations, or demolition) is not accounted for. 

Internal Components of the Building as a System – The integration of architectural-planning, 

structural, engineering, and energy subsystems aimed at achieving high energy efficiency is not 

typically implemented in large-scale construction or renovation. These connections are mostly present 

in isolated pilot projects that are certified under “green” energy efficiency standards. 

System Functioning – There is no unified center of responsibility for organizing the interaction 

of energy resources and building subsystems to achieve, monitor, control, motivate, and regulate a 

high level of energy efficiency. From the standpoint of a comprehensive approach, a building’s energy 

efficiency is not a static attribute but a dynamic one that changes throughout the entire life cycle—

from the initial investment concept to decommissioning. It is essential to highlight that, when selecting 

design solutions, one must consider that the total specific energy expenditures for constructing a 

building (including raw material extraction and processing, production of construction materials and 

components, construction and installation work, transportation, equipping the building, etc.) can 

significantly exceed the specific operational energy expenditures for heating the building over its 

projected lifespan, along with the energy required for its eventual disposal. This can ultimately nullify 

the very concept of energy efficiency [12]. 

     The organization of a building’s life cycle as the life cycle of a complex system represents a 

purposeful, orderly interaction between interconnected elements (building subsystems) and the 

external environment aimed at achieving the goal of high energy efficiency. This goal is considered 

fundamental by many modern scholars; in particular, it has been shown that “energy conservation 

should be regarded as a system-forming factor that determines the developmental vector of the 

building and structure life cycle.” Representing the life cycle of a building as a system makes it 

possible to conceptually segment it into stages, identify control points for system progression, and thus 

make decisions based on specific criteria (e.g., high energy efficiency) before moving the system to 

the next stage [13]. 

     The building, as a system, exists across all life cycle stages, and at each stage it interacts with the 

external environment. The system’s target function defines its key characteristics. If energy efficiency 

is set as the target function, then the building will maintain energy efficiency throughout its life cycle. 

The concept of “energy efficiency” in relation to buildings combines important characteristics such as 

energy conservation and resource efficiency, while maintaining reliability, comfort, and contributing to 

the sustainable development of the human living environment. 

     Thus, a building’s life cycle is a complex system of processes that typically exhibit parallel, 

iterative, recursive, and time-dependent characteristics. Throughout the life cycle, buildings interact 

with the external environment, and various flows—material, human, financial, informational, and 

others—pass through them, forming subsystems [14]. These flows evolve at different stages of the life 

cycle and exit the system once their functions have been fulfilled. In our view, such a framework can 

serve as the structural foundation for processes and actions related to the life cycle of any building as a 
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system. 

      Therefore, the application of the principles of a comprehensive approach is a vital direction in the 

development of architectural and construction science. It is essential not only to organize the design 

and operation stages, but also to organize construction processes, the production of building materials, 

maintenance, renovations, demolition, and material disposal—that is, to manage the entire building 

life cycle as a system. In doing so, the comprehensive approach will be fulfilled, in line with the law of 

goal setting, according to which the goals of the system must align with the goals of the higher-order 

system. Indeed, if the overarching goal today is to reduce buildings’ energy consumption, then all 

subsystems and components of the building, as parts of a complex system, must function in ways that 

minimize energy use. The organization of the building life cycle must ensure the achievement of this 

goal. 
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Abstract 
The article discusses the processes of operation of cascade hydroelectric power plants, the consequences of the 

Vartsikhe hydroelectric power station reservoir filling and the problems associated with it. 

The article presents the Vartsikhe Hydroelectric Power Plant and its constituents hydro technical structures: 

a trapezoidal section derivational channel with a total length of 27.2 km. Power units, with their total 

composition and energy indicators, open-type HPP buildings, aggregate blocks, operational spillways, 

connection to upper and lower stream structures, aggregate installed on the HPP, install capacity of HPP and 

HPP consumption. 

The processes of filling sediment the Vartsikhe Cascade reservoir and problems related to the operation of 

the hydroelectric power plant are presented. 

The article discusses observation and measurement data during the period of reservoir filling and washing. 

Keywords: Rioni River, bedrock processes, low-threshold collapsible dam, hydro-node, derivational channel, 

solid and liquid runoff, reservoir filling, reservoir flushing. 

 

Introduction 

The main feeder river of the Vartsikhe Reservoir is the Rioni River. Rioni is a river in western 

Georgia. It is 327 km long and has a catchment area of 13,400 km². It rises on the southern slopes 

of the Caucasus Mountains on Mount Fasi, 2,960 m above sea level. It joins the Black Sea at Poti. 

On December 17, 1996, the Vartsikhe Hydropower Plant Cascade Joint Stock Company was 

established on the basis of the Vartsikhe Hydropower Plant Cascade. By decision of the 

Government of Georgia, the HPP was privatized in early 2005. In May 2006, the Joint Stock 

Company was transformed into an LLC and renamed Vartsikhe-2005. Since January 1, 2007, it 

has been included in the holding company Georgian Manganese LLC. 

Main part 

From the beginning to the village of Glola, it flows southeastward in a wide, deep valley, 

which is a trough before joining the Zofkhituri River. It develops a wide ravine and becomes steep. 

Below the village of Saglola, it flows first to the south, then to the southwest in a deep and narrow 

ravine, developing a narrow intermittent ravine. At the Oni, it turns westward and flows to the 

village of Alpana. The valley here is deep and wide, a wide, large ravine, which is almost 

completely flooded during the rainy season. The river also becomes steep and has islands of origin. 

Terraces are formed, located at a height of 2-3 to 20-35 m, 2-3 km long, and several hundred 

meters wide. Villages, orchards, vineyards, and crops are cultivated on the terraces. The valley is 

narrowed in some places by cliffs (Khidikri Cliffs). From the village of Alpani, the Rioni turns 

sharply to the south and flows in a narrow valley, only occasionally widening and narrowing. Near 
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the village of Tvishi, it enters a deep gorge. Below Kutaisi, it emerges on the Kolkheti Plain, 

develops a wide ravine, narrowing and forming islands. 

 
Fig.1 The River Rioni from the source to the sea 

The Rioni River basin is characterized by diversity. This has a significant impact on its 

hydrological regime. It is fed by glacial, snow, rain and groundwater. The main tributaries of the 

Rioni River are: on the right: Sakaura, Lukhun, Ritseula, Lajanura, Gubistskali, Tskhenistskali, 

Tekhuri, Civi; on the left: Chanchakhi, Gharula, Jejora, Lekhidari, Kvirila, Khanistskali, Sulori, 

Kumuri, Khevistskali. 

There were installed hydrological checkpoints and posts on the Rioni River where 

hydrological data was recorded. 

 

Water discharge of river Rioni to different location 
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Glola 345 16 27,3 M3/sec 

Kutaisi 1440 22 134 M3/sec 

Sakochakidze 3000 34 406 M3/sec 

The diagram shows the Rioni discharge by season of year: 

 

 

 

 

 

 

 

 

 
Fig. 2 The River Rioni discharge water by different season 
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Fig.3 The distribution of discharge by source components 

 

Rioni annually discharges 12.9 km³ of water and a large amount of solid runoff into the Black 

Sea. The average annual amount of solid runoff increases from the source to the confluence: at the 

village of Ghebi it is 96 thousand tons, at Khidikar — 2.2 million tons, at the village of 

Namokhvani — 4.9 million tons, at Sakochakidze — 6.9 million tons. 

Hydropower plants have been built on the river: Rioni HPP, Gumath HPP I, Gumath HPP II, 

Vartsikhe HPP. Hydropower plants have also been built on tributaries: Lajanur HPP, Shaor HPP, 

Tkibul HPP. Rioni and its tributaries are used for irrigation (Mashveli and Ajameti canals), as well 

as for water supply to former factories and mills. 

The Vartsikhe Hydroelectric Power Plant Cascade is one of the most powerful seasonal 

hydroelectric power plants in Georgia. It is located in western Georgia, in the Tskaltubo 

municipality, on the Rioni River. The total design installed capacity of the plant is 184 megawatts, 

electricity generation – 1 billion kWh; the cascade consists of 4 hydroelectric power plants. The 

first hydroelectric power plant was put into operation in 1976, the second – in 1978, the third – in 

1980, the fourth – in 1988. The water fall of the Rioni River in its lower reaches is used – from the 

Rioni HPP diversion channel to the right tributary to the confluence of the Gubistskali River. The 

fall of the Rioni River on this section is 64.5 meters. 

Fig. 4 The Vartsikhe HPP 

 

The Vartsikhe HPPs consist of: a low-threshold collapsible dam, built on the Rioni River in the 

village of Geguti (Tskaltubo Municipality) in December 1976, forming the Vartsikhe Reservoir, the 

The distribution of discharge by source 
components 

40,00% 

35,00% 

30,00% 

25,00% 

20,00% 

15,00% 

10,00% 

5,00% 

0,00% 

 32,50%  

 28,20%  

34,70% 

4,60% 

undergroun
d 

Water 

Rainwate
r 

Snow melting Glacial water 



128 

 

Electricity generated by the Vartsikhe hydroelectric cascade 
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length of the dam is 98 m, height – 21.2 m; water intake flushing galleries; a deaf earthen dam 

(length – 44.7 m, height – 11 m); a right-bank dam (length – 2387 m); a diversion route, which 

follows the right bank of the Rioni River (total length – 27.15 km), consists of 4 sections, at the end of 

each section are located the HPPs included in the cascade. The design installed capacity of each power 

plant of the Vartsikhe HPP cascade is 46 MW, maximum head – 15 m, electricity generation – 250 

million kWh. Two turbines with rotating blades, each with a capacity of 23 MW, are installed in each 

HPP. The generated electricity is supplied to the Georgian power system via 110 kv transmission lines. 

The main useful volume of the Vartsikhe reservoir on the Rioni River is shallow. The average 

water level of the reservoir is 87.02 - 86.6 m. The level is treated if the flow into the reservoir is less 

than 350 m3 / s and it is necessary to increase the capacity. 350 m3 / s is the working flow of the HPP. 

Both units operate at maximum load. During a single treatment of the level, the capacity can be 

increased by 10 MW for one hour. For example, on November 14, 2015, the load of the HPP was 41-

46 MW, the flow was 350 m3 / s. Many problems are created by floating sediment on the dam. If it 

accumulates at a depth of 1 meter in front of the grate, the water level in the channel and HPP drops by 

20 cm. To prevent this, it is necessary to remove garbage. To do this, the load on the HPP is reduced 

and the flow is collected in the diversion channel. When the level at the dam and in the channel 

reaches 87 meters, the load on the HPP is completely released and the level continues to rise to 87.10 - 

87.20 meters. Then, segmental shield No. 1 is opened and the waste is dumped into the lower branch. 

This process lasts for a total of 20-60 minutes. Five washers are installed next to the reservoir to wash 

the sediment. As soon as the sediment reaches the threshold level of the diversion channel, the 

sediment is washed. 
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Fig. 5 Electricity generated by the Vartsikhe hydroelectric cascade 

 

The dam can handle a total of 3640 m3/s of water, including 350 m3/s of water passing through the 

water intakes, 3000 m3/s of water passing through the opening dam (4 segmental shields), and 290 

m3/s of water passing through the slurry washing galleries (5 shields). 

The diversion is a trapezoidal cross-section channel with a total length of 27.2 km. The power 

units are identical to each other, both in composition and energy indicators. The structures include: an 

open-type HPP building, which is combined with operational spillways located on both sides of the 

aggregate block, which in turn drain the upper and lower stream structures. Two aggregates with a total 

capacity of 46 MW are installed at each HPP. The HPP flow rate is 350 m3 / s, and the output is 250 

million kW. The Vartsikhe reservoir is practically silted up. 
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Fig. 6. The right bank of the gravel bed of the Vartsikhe Cascade Reservoir, along with the coastal 

wall, April 25, 2025, 13:41. 

 

Fig. 3 shows the right bank of the embankment of the Vartsikhe Cascade Reservoir of the Rioni 

River, along with the embankment wall, April 25, 2025, 13:41. After washing out the slope slabs of 

the embankment wall, some of them are hanging in the air. Many of them have collapsed due to 

washing out, which requires attention and proper repair. 

The right bank of the reservoir is indented and the water flows into separate streams downstream 

of the reservoir, which creates an amazing beauty during the reservoir's washout period. 

 

Fig. 7. The central part of the sediment bed of the Vartsikhe Cascade Reservoir in front of the dam 

gates, April 25, 2025, 14:01 

 

The central part of the floodplain of the Vartsikhe Cascade Reservoir of the Rioni River is shown 

in front of the dam. The main flow of the river flows in this direction and forms separate branches. 

Fig. 5 shows the left bank of the molamili bed of the Vartsikhe Cascade Reservoir of the Rioni 

River, together with the coastal dam, April 25, 2025 14:0.9 hours. One branch of the river flows 

between the coastal dam and the molamili island. During the washing process, during the observation 

in Natruri, the molamili mesoforms were pushed down and the solid sediment was moved towards the 

reservoir dam and then into the main bed, from where it flows through the old bed into the Black Sea, 

to regulate the seabed. Thus, the process of protecting the shores of the Black Sea takes place. 
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Fig. 8. The left bank of the embankment of the Rioni Hydroelectric Power Plant Cascade Reservoir 

with the embankment wall, April 25, 2025, 14:09. 

 

Planned flushing of the reservoir ensures the removal of a large volume of solid sediment from the 

reservoir. The reservoir capacity increases, and the reserve capacity allows for normal operation of the 

stations and stable energy production. 

Conclusions 

1. The reservoir is shallow and the useful volume of the reservoir has been reduced. Despite the 

planned cleaning of the reservoir, a large dead volume of sediment remains in the reservoir. 

2. Increasing the useful volume of the reservoir will accordingly increase the volume of deficient water, 

which in turn will lead to an increase in the generated energy. 

3. The volume of solid sediment accumulated in the reservoir over the years can be reduced without 

affecting the bed processes of the Rioni River and the Black Sea coastline. 
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Abstract 

Drying is one of the important methods used to preserve moisture-containing agricultural products. Various 

drying techniques, each with its own characteristics, are used to protect agricultural products from environmental 

influences and extend their shelf life. Various drying techniques, such as fluidized bed and fixed bed drying, 

have been developed for this purpose. Fluidized bed drying operates on the principle of imparting fluid behavior 

to the solid particulate matter requiring drying. To achieve this, pressurized hot air is applied to the solid particles 

within the reactor. Considering the thermal efficiency of the drying process, fluidized bed drying is more widely 

preferred for agricultural products. Considering thermal efficiency, fluidized bed drying is one of the most 

effective methods and is suitable for a wide variety of drying applications. In fluidized beds, the contact area 

between the solid grain and the gas phase is very large, allowing for the rapid removal of moisture from the 

entire grain surface through intense heat and mass transfer. Fluidized beds are widely used in many branches of 

industry, especially for agricultural products. In these dryers, the drying air is homogeneous at every point, 

resulting in high drying performance. In most food drying processes, significant changes occur in the material's 

volume and mass transfer areas due to heat. This change results in partial water loss from the tissue beneath the 

material's surface. This study examines and compares different fluidized bed dryers used in the past and for 

drying agricultural products, analyzing them from various perspectives. Recommendations that contribute to 

design based on various operating parameters are developed and presented. Here, we present highly practical 

alternatives powered by solar and geothermal energy, specifically to minimize the thermal energy required for 

drying air and the electrical energy required to pressurize that air. 

Keywords: Fluidized bed dryers, fluidization, drying reactor, drying of agricultural products. 

 

1. INTRODUCTION 

Drying is the oldest method used to preserve agricultural products from spoilage. Drying is the 

removal of liquid from a substance, using controlled or uncontrolled methods. In technical drying, 

external intervention is used to remove moisture from the substance using various methods. Therefore, 

drying is defined as a process that reduces the moisture content of the product to be dried to the 

desired dryness levels. The water activity level in food products decreases with the drying process, 

thus slowing the spoilage process. 

The entirety of the various units (heating, dehumidification, steaming, etc.) that allow the 

product to reach drying levels within a specific process is called a drying system (Ceylan, İ. & Doğan, 

H., 2004). 

From the past to the present, drying has evolved to meet industrial needs and has found a wide 

range of applications. Today, there is almost no area in which drying is not used in industrial 

applications. Drying is widely applied in industries such as the food, chemical, textile, leather, and 

lumber industries (Gürel, A. E., 2015). 

Many dryer models have been developed to meet industrial demands. One of these dryer 

structures is the fluidized bed dryer. The basic principle of fluidized bed systems is to impart 

properties similar to those of fluidized products to be dried. In these systems, the products to be dried 

are suspended in a fluidized medium (air) while the drying process takes place. 

In fluidized bed dryers, the drying air is distributed homogeneously throughout the product. 

Therefore, these dryers have high drying performance. Furthermore, these types of dryers are very 

useful for drying products such as legumes and grains, which are abundant in our country. This 

presentation will describe the various structures of fluidized bed dryers found in the literature and used 

in food drying. The reference (Gürel, A. E., Ceylan, İ., Uz, D, 2017) was significantly utilized in the 
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preparation of this study. 

2. DRYER SELECTION 

The success of the drying process depends on selecting the appropriate dryer, both in terms of 

product quality and the economics of the operation. Because there is no single, multi-purpose dryer 

suitable for drying all types of products, the correct selection of the drying method and dryer is crucial 

as a first step [3]. 

There is a significant relationship between the pre-drying and post-drying processes and the 

selection of the appropriate dryer for a given application. Another point to consider is that different 

dryer types or drying systems may be equally technically and economically suitable for a given 

application. Considering as many factors as possible that influence the selection will reduce the 

number of options available. Careful procedure is crucial when selecting a new product or new process 

dryer for a new application. The characteristics of the dryers should be considered when selecting a 

dryer. Changes to the operating conditions of the same dryer can affect product quality. Therefore, in 

addition to the dryer type, it is also important to select the correct operating conditions for optimum 

quality and thermal dehumidification costs (Ersöz, M. A., 2008). The following order is decisive in the 

selection of drying systems. 

3. ORDER IN DRYING SYSTEM SELECTION 

• Preliminary selection of dryers: The most suitable dryer types for supplying moist material and 

dry products are preliminarily selected. Continuity of all processes and the achievement of the desired 

physical and quality properties are essential for dryers. 

• Preliminary comparison of dryers: The pre-selected dryers are compared in terms of approximate 

cost and efficiency based on available data. Dryers deemed inadequate or uneconomical in terms of 

efficiency are not considered in subsequent evaluations. 

• Drying trials (tests): These trials are conducted for the dryer types currently under evaluation. 

These tests determine the optimum operating conditions and product characteristics and also verify the 

accuracy of the information provided by device vendors. 

• Decision-making on dryer selection: Dryer selection can be made based on drying tests and the 

evaluation of specified properties (Güngör, A., 2013). 

One of the most important data to know when drying foods is their initial humidity and the 

humidity they will reach at the end of the drying process. 

4. FLUIDIZED BED DRYING SYSTEMS 

Despite the widespread use of fluidized bed dryers, designing an industrial-scale fluidized bed 

dryer remains a challenging task. When comparing fluidized bed technology with other drying 

methods, the main advantages are: 

 

Table 1. Comparison of fluidized bed technologie 

 

Advantages of Fluidized Bed Technology 
Disadvantages of Fluidized 

Bed Technology 

 Thanks to the regular flow of parts to be dried, easy product 

feeding and easy removal of dry product can be achieved, enabling 

large-scale drying operations. 

 Due to the minimal number of mechanically moving parts, 

maintenance costs are low. 

 The rapid heat and mass transfer between gas and particles prevents 

overheating of heat-sensitive particles. 

 Heating panels can be installed within the fluidized bed to increase 

the rate of heat transfer between the materials within the bed and 

• High pressure drop, 

•High electrical energy 

consumption, 

• Poor fluidization quality for 

some particulate products, 

• Uneven product quality for 

certain types of fluidized bed 

dryers, 

• Erosion of pipes and 
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the immersed objects. 

 The rapid mixing of the solids to be dried ensures nearly constant 

temperature conditions throughout the fluidized bed, allowing for 

easy control of temperature and humidity throughout the drying 

process. 

channels, 

• Entrainment of fine 

particles, and 

• Abrasion or pulverization 

of particles. 

 

  The basic principle of fluidized bed systems is to impart fluid-like properties to the granular 

products to be dried. In these systems, the products to be dried are suspended in a fluidized medium 

(air) while the drying process takes place. 

A traditional fluidized bed is achieved by passing a gas (usually air) stream beneath a bed of 

solid particles. At low gas velocities, the bed is static. The particle bed rests on a distributor plate. The 

fluidizing gas passes through the distributor plate and is distributed homogeneously throughout the 

fluidized bed. As the fluidizing gas velocity increases, this results in an increase in pressure drop 

across the bed. At a given gas velocity, when the gas flow within the fluidized bed reaches a level 

sufficient to support the weight of the entire bed, the bed fluidizes. This state is referred to as 

minimum fluidization, and the gas velocity that creates this state is referred to as minimum fluidization 

velocity. Figure 1 illustrates the different bed regimes, from fixed to bubbling beds, as the gas velocity 

increases. The graphs show the changes in bed pressure drops and bed clearances in different bed 

regimes (Erçetin, Ü., 2007). 

 

 
Figure 1. Fluidization regimes in a gas-solid fluidized bed (Crowe, 2006) 

 

5. FLUIDIZED BED DRYER TYPES 

Various fluidized bed dryers have been studied for numerous industrial applications 

throughout history, considering the process, product, operational safety, and environmental 

requirements. Understanding the specific properties of different fluid types is crucial for making a 

cost-effective and rational selection (Law C. L., & Mujumdar, A. S., 2015). Traditional fluidized bed 

dryers can be classified as batch, part-time, and full-time fluidized bed dryers (Law C. L., & 

Mujumdar, A. S., 2015). Batch-type fluidized bed dryers are generally suitable for small operations 

with capacities between 50 kg/h and 1000 kg/h. Drying air temperature and velocity are generally 

fixed. However, controlling air velocity and temperature will reduce energy costs. Part-time Fluidized 
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Bed Dryers consist of a series of subprocesses in part-time fluidized bed dryers. Loaded products are 

rotated from one processor to the next along the process line. Full-Time Fluidized Bed Dryers are the 

most commonly used fluidized bed dryers in the industry. The particles in the fluidized bed are 

perfectly mixed. The temperature distribution in the fluidized bed is uniform. The material 

temperature within the fluidized bed is equal to the exhaust temperature. The retention and mixing 

time of the particles in the cyclone is long, and during this time, product moisture can disperse and 

increase. Numerous fluidized bed dryers with various modifications are available for industrial 

applications. These fluidized bed dryers are designed to eliminate some of the problems and 

disadvantages of conventional fluidized bed dryers. Some of these fluidized bed dryers are listed 

below, based on the Majumder and Law rankings in Reference 6. 

 

 
Multi-stage and multi-process 

fluidized bed dryers 

 
Hybrid fluidized bed dryers 

 
Vibrating fluidized bed dryers 

 
Spray fluidized bed dryers 

 
Recirculating fluidized bed dryers 

 
Fluidized bed dryer with mixing 

process 

 
Fluidized bed dryer with 

immersion heat exchanger. 

 
Beatch fluidized bad drayers 

 
Semi-continuous fluidized bad 

drayers 

 
Well-mixed, continuous 

fluidized bad drayers 

 

 
Heat Pump Fluidized Bed Dryer 

 

 
Heat recovery fluidized bed 

dryer 
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6. A CONTINUOUS CIRCULATING FLUIDIZED BED DRYER EXAMPLE: COCOA 

APPLICATION 

This system is related to a continuous circulation fluidized bed dryer. It is a very efficient 

design compared to fluidized bed dryers. It can easily dry difficult-to-dry materials. The drying results 

achieve economical processing, facilitated transfer with low mass, favorable production and sales 

conditions, and product protection against foreign matter. In addition to the drying process, efficient 

energy use is crucial here. The cost is lower compared to other dryers. 

Fluidized bed dryers are a crucial solution for drying solid particles. In these systems, the 

movement of the solids is driven by hot gas. The solid particles of the material to be dried are 

constantly in motion through the medium, as if they were liquid. The gas passing through the drying 

medium must have an appropriate velocity. Good heat transfer occurs through the continuous contact 

of the fluidizing gas with the material. No significant temperature difference is required, and if the 

system is automatically controlled, optimal drying is completed in a short time. 

In circulating dryers, thermal efficiency increases with the uninterrupted circulation of drying 

air. In circulating fluidized bed dryers, the continuous circulation of the drying gas flow via a blower 

(fan) further increases efficiency and minimizes energy consumption. 

The circulating fluidized bed dryers shown in Figure 2 offer the following advantages: 

1. Minimum fresh air is added to the continuously circulating maximum drying air as needed. 

2. The wet material to be dried is fed as a slurry. 

3. The drying process occurs by moving the material through the pipe at high speed and 

pressure. 

4. A dry product with very low moisture content is obtained. 

5. It is possible to obtain dry product with varying moisture content from the dryer. 

In the cocoa dryer application, the cocoa feed contains 70% water, the dry material moisture 

content is 2%, the dry cocoa capacity is 75 kg/h, the heater capacity is 300,000 kcal/h, and the blower 

power is 40 hp. The dryer diagram is given in Figure 2. 

 

7. CONCLUSIONS AND RECOMMENDATIONS 

This study analyzed fluidized bed dryers. Furthermore, various structures of fluidized bed 

dryers found in the literature and used in food drying applications were also examined. Fluidized bed 

dryers are particularly suitable for drying granular products. These dryers distribute hot drying air 

homogeneously to every point of the product, creating an efficient drying process. Furthermore, while 

these dryer types vary depending on their type and application, they do not require a large number of 

moving mechanisms. Despite all these advantages, the biggest problem with the use of fluidized bed 

dryers is their high energy consumption. This energy consumption is required to operate the heating 

units and fan motors. This problem limits their use to a certain extent. 

To eliminate the problems caused by energy consumption, it is crucial to integrate fluidized 

bed dryer systems with renewable energy sources, especially in applications requiring low drying 

temperatures. Furthermore, these systems can be supported by heat pumps. 

Fluidized bed dryers, particularly those supported by solar energy systems, are seen as highly 

effective alternatives in terms of energy consumption. Energy storage solutions in these systems allow 

the heat required for drying air to be stored for extended use in the evening. 
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Figure 2. Circulating fluidized bed dryer scheme. 

1- Blower,  2- Heat cell,  3-Leaf filter,  4- Pump,  5-6- Product feed store,  7- Cyclon,  8- Connection 

cyclon, 9- Dryer main reactor pipe,  10- Wet material,  11- Dry material. 
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Abstract 
Reconstruction and operation of land reclamation systems, including irrigation systems at the level of modern 

requirements, is one of the main issues in the development of Agriculture. Delivering irrigation water to areas 

without loss through a network of canals built on irrigated plantations is one of the pressing issues. Water 

transported in open ground channels is subject to losses, and the channels lose their ability to circulate. In order 

to prevent these losses, concrete cladding is laid on the canals. Although the laying of concrete cladding requires 

an ashy amount of funds, but the coefficient of useful work of the channels becomes maximum. 

 Some difficulties arise during the operation of channels with concrete cladding. Sometimes, as a result 

of external influences, cracks appear on the concrete cladding, and sometimes the concrete cladding slips and 

changes the ground. And the cross-section of the channel is deformed. At the same time, cleaning of irrigation 

canals with concrete cladding from silt and weeds is also one of the difficulties that arise. There is a need to 

create a modern multifunctional working body that performs a cleaning pose. 

Keywords: Irrigation canal, concrete cladding, working body, silt, milling, elastic element. 

 

 Until the middle of the twentieth century, the implementation of land reclamation and 

agricultural work was carried out mainly with the help of general construction machines. The 

introduction of these machines was considered appropriate at that time, so that the processes that they 

would perform would either differ little from general construction work, or the required productivity 

would be achieved sufficiently. However, there are works in the construction, operation and repair of 

land reclamation systems, including irrigation systems, the implementation of which is of a special 

nature, and it is not advisable to carry out these works with general construction machines. Because 

for the implementation of these works, it is required to create new working bodies of special purpose, 

or the received productivity is very low. Examples of this type of work are the cleaning of medium and 

small-sized Inter-farm and intra-farm irrigation canals with concrete cladding from silt and weeds. 

 More than 80% of agricultural crops are cultivated on irrigated lands in our republic. For this, 

a significant amount of a dense network of canals is created on irrigated arable land. More than 75% 

of all operated channels are inter - farm and intra-farm channels. Cleaning and repair of canals is one 

of the important conditions for maintaining their permeability in the required condition. The 

implementation of these works requires considerable manpower and a large amount of resources. 

 Currently, the bulk of agricultural products produced in our republic are obtained in the 

regions where irrigation agriculture is widely developed. The delivery of irrigation water to arable land 

with minimal losses to meet the needs of plants for water is one of the requirements of modern times. 

If we add to this the global warming that is taking place on our planet, the satisfaction of water 

demand is one of the pressing issues. 

 In order to prevent water losses when transporting water, concrete cladding is laid on the 

ground channels. This not only increases the longevity of the channels, but also increases the 

productivity to the maximum level. Although the laying of concrete cladding requires an ashy amount 

of funds, as a result, it is considered economically viable. 

 The use of concrete cladding in irrigation canals is technically and economically viable when 

their high efficiency, operational strength and longevity are fully ensured. At the same time, the 

reliability and efficiency of concrete cladding depends on defects and shortcomings in its construction, 

which can occur not only as a result of improper observance of the technology during their 

construction, but also during the period of operation of the channel. 

 During the period of operation, the following Forces act on the cladding: hydrostatic and 

hydrodynamic pressures of water, reverse pressure of water, impact force of a wave, etc. cladding is 
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also subject to such influences as temperature, chemical, biologic, mechanical and ground 

deformation.  

As a result of the influence of the above factors, transverse or longitudinal cracks appear on the 

surface of concrete coatings. Such cracks are found in small quantities in ready-made reinforced 

concrete cladding, and in large quantities in monolithic concrete cladding. The formation of such 

cracks leads to damage and failure of the concrete coating, the occurrence of water leakage and, as a 

result, to a decrease in the water capacity of the channel. In other cases, as a result of heavy rains, 

water enters the lower part of the concrete cladding, in which there are cases of sliding of the coating, 

that is, the cross-section of the channel is deformed and f.i.and it goes down. (Photo 1). 

 

a)                                                                b) 

                        
A) Figure 1.Also formations formed on concrete cladding: a)-cracks ,B) - landslides. 

 Despite the fact that concrete facing channels are economically viable in comparison with 

ground ones, many difficulties arise when cleaning these types of channels. The most important of 

these difficulties is that the concrete cladding is damaged and fails during cleaning. 

 Currently, irrigation canals with concrete cladding in our republic are cleaned either by a 

single-lift excavator with a passive working body or by using manual labor. The application of 

birchalov excavators damages and breaks down concrete cladding, and the application of manual labor 

does not meet modern requirements. In modern times, there are no special mechanisms in the Republic 

for cleaning irrigation canals with concrete cladding from silt and weeds. For this reason, there is a 

great demand for the creation and application in production of high-performance, maneuverable, light, 

effective, flexible, active working body cleaning machines. 

 The main goal is to create an active working body of milling type with elastic elements and 

apply it to production in order to clean small and medium-sized concrete facing channels in inter-farm 

and in-farm from silt. 
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Abstract 
For the first time, a combustion chamber of completely new design is presented, which makes it possible to burn 

a mixture of three different gases with air, either separately or simultaneously, for the purpose of electricity 

generation, with an electric generator having a low rotational speed approximately 500 rpm). For the first time, a 

multitiered gas turbine device is proposed for the purpose of increasing the power of the gas turbine generator. 

The efficiency of the gas turbine generator equipped with the new design combustion chamber and multitiered 

gas turbine can be increased up to 63-65%.  

Keywords: gas turbine, generator, blade. 

 

In the scientific field, there are many inventions and articles [1] whose authors attempt to 

create various-purpose electrical power equipment (devices) with increased efficiency and high power. 

According to these same studies, “gas turbine generators” proved more acceptable for practical use, 

where electrical energy production occurs through a synchronous generator whose rotor is set in 

rotational motion by a gas turbine. The latter is driven by an aviation gas turbine engine. However, this 

type of gas turbine generator was found to have a whole series of negative characteristics. Specifically, 

for the operation of the gas turbine engine, it is necessary to supply gas at high speed to its combustion 

chamber from a powerful high-pressure compressor. The electrical energy consumption for the latter 

significantly reduces the efficiency of the gas turbine generator. In addition to low efficiency, gas 

turbine generators are characterized by high noise, while the exhaust gases released from the gas 

turbine engine pollute the atmosphere with carbon dioxide and carbon monoxide. Furthermore, the 

production of gas turbine engines is only possible in specialized aviation factories, is technologically 

difficult to implement, requires highly qualified specialized personnel, and is characterized by high 

cost. Scientific works published in recent periods are dedicated to the complete or partial elimination 

of the listed shortcomings, including research we conducted at Akaki Tsereteli State University, which 

could serve as the basis for creating a completely new type of gas turbine generator. In this research, 

we have proposed new possibilities for creating gas turbine generators, specifically, equipping gas 

turbine generators with dozens of completely original combustion chambers (Fig. 1), as well as 

electric generators operating at low rotation speeds (both synchronous and direct current generators) 

and an original multitiered gas turbine. The operation of electric generators at low rotation speeds 

makes it possible to manufacture large-diameter and multitiered gas turbine generators, which can 

increase both the volume and number of combustion chambers. This could be the basis for creating a 

powerful gas turbine generator. 

The originality of the proposed combustion chamber (Fig. 1) consists of the following [2]: it 

represents an inner 1 and outer 2 double-cell cylindrical chamber, whose cells are connected to each 

other by holes 8 in the inner chamber, which allows the mixture of different fuels with gas supplied by 

valves 3,4,5 in each chamber to ignite both separately from valves 6,7 and additionally from holes 8. 

At the same time, from valve 5 it is possible to supply both the mixture and additionally water for 

cooling, which creates a so-called “water plug” 11 under the roof 10 with nozzle 9. When the roof 10 

is closed, after creating the “water plug” 11 with water supplied from valve 5, after supplying two or 

more mixtures of fuel gases with gas from valves 3,4,5, their additional mixing with each other occurs, 

and after filling both chambers, valves 3,4,5 simultaneously stop supplying the fuel mixtures, and from 

valves 6,7 an ignition spark is simultaneously supplied from both or from one of them. As a result of 

igniting and burning the mixture, the flow of exhaust gases created in the chamber arranged around the 
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gas turbine mixes with the water plug and together with it opens roof 10 with pressure and strikes the 

blades 7 of the gas turbine (Fig. 2), rotating it and the rotor of generator 1 mounted on its axis. During 

mixing, the carbon dioxide present in the exhaust gas flow dissolves in the water, thus protecting the 

atmosphere from pollution. Due to mixing the exhaust gas flow with water and its ejection from the 

nozzle together with it, and also because the amplification of noise accompanying the combustion 

process caused by vibrations from possible dispersion of exhaust gas outside the chamber is prevented 

from the start, which occurs when only the exhaust gas flow is ejected from the nozzle without a water 

plug, before striking the blade and at the moment of striking the blade. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. The combustion chamber with cells 

1. Internal combustion cell; 2- External combustion cell; 3,4,5- Mixture supply valve; 6, 7- 

Ignition valve; 8- Valves connecting the cells; 9-Nozzle; 10- Roof; 11- Water plug. 

 

The possibility of increasing the efficiency and power of the presented gas turbine generator 

will be investigated when three different fuel gases - propane, methane, and acetylene, separately or all 

three together - are used as the primary source for obtaining electrical energy in the combustion 

chamber. 

The basis for obtaining positive research results is provided by the results of preliminary 

experiments conducted on a working model of one type of gas turbine generator we created within the 

framework of a grant from the Shota Rustaveli National Science Foundation. Specifically, it was 
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revealed that when burning propane, methane, and acetylene mixed with gas separately in the 

presented chamber (Fig. 1), the sum of forces created by the impact of the exhaust gas flow on the gas 

turbine blade is in some cases significantly less than the force of impact on the gas turbine blade of the 

exhaust gas flow created during simultaneous combustion of all three gases. There is a solid 

assumption that during simultaneous combustion of the mixture of all three gases with gas in the 

chamber, conditions necessary for the development of a nanotechnological process of hydrogen 

separation from acetylene could be created. Research is planned for the future to create the mentioned 

stable conditions in order to increase both the efficiency and power of each individual combustion 

chamber as well as the gas turbine generator as a whole. To achieve the same goal, investigation of the 

combustion process of a mixture of acetylene and oxygen in the presented type of chamber is also 

planned [2]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2. Diagram of a multiеered gas turbine unit 

1- Electric generator together with the gas turbine unit base; 2,3,4,5,6 - Coupling furnaces; 7,8,9,10,11Gas 

turbines with blades; 12 – Double-cell combustion chambers; 13 – Unit frame; 14 - Gas turbine axes. 
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The possibility of increasing the efficiency and power of the presented gas turbine generator 

will be investigated when three  

In the proposed combustion chamber, in the case of creating stable conditions for 

implementing the nanotechnological reaction of acetylene, it will be possible to use acetylene as the 

primary source for electrical energy production in the gas turbine generator, which will be the basis for 

creating an alternative source of obtaining electrical energy through gas turbine generators in 

limestone-rich countries, including our country, which will be based on acetylene. Obtaining it from 

carbide and the latter from limestone is not a problem. 

An application for an invention has been submitted to SAKPATENTI regarding the many 

innovations obtained through research. A conclusion has been received regarding their patentability. 

We developed a device operating on an inductive principle [3], which made it possible to measure the 

mechanical force F acting on the blade by the exhaust gas flow created in the combustion chamber and 

directed at the gas turbine blade. 

A combustion chamber of the construction shown in Fig. 1 of a certain volume produces a 

force F=10 daN acting on the gas turbine blade. In the five-stage construction of the gas turbine 

generator shown in Fig. 2, it is possible to arrange 16 combustion chambers on one stage. During their 

simultaneous operation, the total force acting on the gas turbine blade can be 160 daN. 

According to the engineering calculation method we developed [4], the required electric 

generator power can be calculated and selected according to the force F acting on the blades of a 

specific gas turbine. According to this method, when F=100 daN, then the gas turbine generator must 

be equipped with an electric generator with a power of 20 kW. Consequently, a five-stage gas turbine 

generator can produce 100 kW of electrical power, while the electrical energy produced by it during a 

year can amount to 876,000 kWh. The production of the presented type of gas turbine generator can be 

done quickly and cheaply. The cost of the remaining parts of the gas turbine generator does not 

approximately exceed the cost of the electric generator. 

When comparing the cost of natural gas needed for servicing the gas turbine generator and the 

cost of the produced electrical energy, the efficiency was 63% (without considering mechanical losses 

during device operation), which is close to the efficiency of a jet engine. 

 

References 

1. G. Lobzhanidze, M. Shalamberidze, T. Tskipurishvili, L. Zivzivadze, O. Zivzivadze, 

T.Pkhakadze, Z. Geguchadze. The Possibility of Developing the Country’s Electric Power 

Resources Using Gas Turbine Equipment. VII Georgian-Polish International Scientific-

Technical Conference “Transport Bridge Europe-Asia”. Proceedings, 2023. pp. 136-

141.Georgia, Kutaisi. 

2.  Shalamberidze M.Sh., Tskipurishvili T.Z., Lobzhanidze G.M., Shalamberidze Sh.A. Selection 

of a DC Generator for Gas Turbine Equipment. Georgian Engineering News. Issue 1, 2025. pp. 

59-65 

3. Marlen SHALAMBERIDZE, Tamar TSKIPURISHVILI, Giorgi LOBZHANIDZE, Lali 

ZIVZIVADZE. Creating an Environmentally Friendly Propane-Powered Gas Turbine Device. 

Environmental and Climate Technologies 2024, vol. 28, no. 1, pp.603–613 

4. Marlen SHALAMBERIDZE, Tamar TSKIPURISHVILI, Giorgi LOBZHANIDZE, Lali 

ZIVZIVADZE. Determination of the force acting on the gas turbine wing in the heat-and-

power installations. Journal of Engineering Sciences. V.12.Issue 1 (2025) pp.1-7. 

   

 



143 

 

WASTE-TO-ENERGY POTENCIAL OF MUNICIPAL SOLID  

WASTE IN GEORGIA 
  

Ketevan TSKHAKAIA 

Akaki Tsereteli State University,   

59, Tamar mephe str., Kutaisi, Georgia, ketevan.tskhakaia@atsu.edu.ge 
 

Abstract 
Waste-to-Energy (WtE) technologies represent a promising complementary pathway for Georgia’s energy and 

waste management sectors, offering opportunities to improve energy efficiency, diversify electricity generation, 

and reduce environmental impacts. Georgia currently relies heavily on landfilling, which accounts for more than 

90% of municipal waste disposal and contributes significantly to greenhouse gas emissions, particularly 

methane. At the same time, municipal solid waste (MSW) generation has shown a steady increase since 2020, 

reaching approximately 1.184 million tonnes in 2024, with the largest share produced in Tbilisi (37.5%), 

followed by Adjara (12.5%) and Imereti (11.0%). 

The study assesses the potential of WtE solutions within the framework of Georgia’s National Waste 

Management Strategy, which prioritizes landfill reduction, resource recovery, and system modernization. The 

calorific value of municipal waste fractions indicates considerable energy recovery potential, particularly from 

plastics, textiles, and paper. Plastic waste alone demonstrates the highest estimated energy potential (5,718.72 

TJ) due to its high heating value, especially for polymers such as PP, HDPE, and PET. 

These findings suggest that properly designed WtE systems could significantly contribute to sustainable waste 

management, reduced emissions, and enhanced energy security, provided that detailed regional waste 

composition data and supportive policy frameworks are further developed. 

 

Keywords: Waste-to-Energy, calorific value, energy recovery, municipal waste 

 

Introduction 

 

      Waste-to-Energy (WtE) approaches represent a promising alternative energy option for Georgia’s 

energy sector, particularly in the context of improving energy efficiency and increasing electricity 

generation from non-traditional sources alongside renewable energy technologies. As global energy 

systems transition toward diversified and low-carbon solutions, WtE technologies are increasingly 

recognized as a complementary pathway that simultaneously addresses energy demand and waste 

management challenges. 

      Georgia’s waste sector continues to face significant structural constraints, including a strong 

dependence on landfilling (accounting for more than 90% of municipal waste disposal) and substantial 

methane emissions originating from landfill sites. These factors not only reduce resource recovery 

potential but also contribute to greenhouse gas (GHG) emissions. 

      In response, the National Waste Management Strategy of Georgia outlines long-term objectives 

aimed at modernizing the waste management system, reducing reliance on landfills, and increasing 

waste recovery and recycling rates. Within this policy framework, Waste-to-Energy technologies can 

play an important supporting role when implemented as part of an integrated circular economy model. 

Properly designed WtE systems can contribute to reducing landfill volumes, recovering energy from 

residual waste streams, lowering GHG emissions, and enhancing regional energy diversification and 

security. 

      Therefore, examining the technical, environmental, and strategic potential of WtE solutions is 

essential for assessing their feasibility and relevance within Georgia’s evolving energy and waste 

management landscape. 

 

Methods and Methodology 

This study employed a case study approach to investigate the current state of energy balance, waste 

management strategies, and municipal solid waste (MSW) generation across the regions of Georgia. A 

comprehensive desk review was conducted using national policy documents, governmental statistical 
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databases, and official strategic reports related to energy and waste management. Statistical data on 

waste generation at both national and municipal levels were systematically collected, verified, and 

analyzed to assess trends, regional distribution patterns, and the potential feasibility of Waste-to-

Energy (WtE) approaches. 

In addition, a comparative analysis method was applied to evaluate international best practices in WtE 

implementation. During this stage, successful case examples from selected countries with established 

WtE systems were examined in terms of technological solutions, policy frameworks, operational 

models, and environmental performance indicators. The purpose of this comparison was to identify 

transferable practices, suitable technological options, and policy recommendations applicable to the 

Georgian context. 

Results 

Electricity consumption and generation in Georgia 

      Georgia’s electricity generation is predominantly based on hydropower, which typically accounts 

for more than 80 % of total production under favorable hydrological conditions. In 2024, total annual 

electricity generation reached 14,234.1 GWh. Of this amount, 11,344.4 GWh was produced by 

hydropower plants, 2,812.2 GWh by thermal power plants, and 77.6 GWh by wind power facilities. 

Electricity imports amounted to 2,301.8 GWh, while exports totaled 2,121.7 GWh [1, 2]. As illustrated 

in Fig.1, both electricity consumption and generation have generally demonstrated an upward trend 

over the past six years. At the same time, annual electricity imports have remained necessary, 

indicating periodic supply deficits and highlighting the importance of further diversification of 

generation sources, expansion of renewable technologies beyond hydropower, and enhancement of 

system flexibility. 

 
Fig.1. Electricity consumption and generation in Georgia, 2019-2024 

 

Municipal waste generated in Georgia and its composition 

       Municipal solid waste (MSW) generation in Georgia has shown a steadily increasing trend since 

2020, reaching approximately 1.184 million tones in 2024.  

A significant share of the country’s municipal waste is produced in the capital city, Tbilisi, which 

accounts for 37.5% of total national MSW generation.  Among the regions, waste generation is most 

substantial in Adjara (12.5%) and Imereti (11.0%), making them the leading contributors after the 

capital.  

      The observed growth in municipal waste volumes underscores the increasing importance of 

modern waste management systems, including waste prevention, recycling, and energy recovery 

strategies, to ensure environmental sustainability and compliance with national and international 

waste management objectives. 
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Fig.2. Municipal waste generation in Georgia, 2019-2024 

 

      Waste composition is a critical factor in determining the feasibility and efficiency of energy 

recovery processes, as the calorific value of waste largely depends on the proportion of combustible 

fractions such as plastics, paper, textiles, and organic materials. In this context, it should be noted that 

the composition of municipal waste across Georgia’s regions has not yet been comprehensively 

studied or systematically characterized. This lack of detailed regional data limits precise assessments 

of energy potential and complicates the planning of WtE facilities. 

      Therefore, for preliminary calorific value estimations and energy potential assessments, it is 

reasonable to rely on available national-level composition data provided in official policy documents. 

According to the National Waste Management Strategy of Georgia [2], the typical composition of 

municipal waste streams indicates that generated waste consists primarily of organic waste (54.7%), 

followed by plastic waste (13.8%), paper and cardboard (10.6%), textiles (4.1%), construction and 

demolition waste (2.5%), glass (2.3%), metal (1.4%), and other waste (11%). 

      These data demonstrate that more than half of the municipal waste stream is biodegradable, which 

is particularly relevant for biological treatment technologies such as anaerobic digestion and 

composting, while the substantial share of combustible fractions suggests notable potential for thermal 

energy recovery. Consequently, improving the accuracy of regional waste composition data should be 

considered a priority for future research and policy development, as it would enable more reliable 

energy potential calculations, technology selection, and strategic planning for sustainable waste 

management systems in Georgia. 

 

Expected Energy Potential of Municipal Waste in Georgia 

      In general, the average lower calorific value (LCV) of municipal waste should be at least 7 MJ/kg 

and should not fall below 6 MJ/kg [3]. The approximate calorific values of different waste fractions 

are as follows: plastics - 35 MJ/kg; textiles - 17.5 MJ/kg; paper- 14.75 MJ/kg; organic waste - 5.25 

MJ/kg; and other (unclassified) materials - 11 MJ/kg. 

     The highest estimated energy potential is associated with plastic waste, amounting to 5,718.72 TJ, 

primarily due to its high calorific value (35 MJ/kg) (Table 1). However, it is well established that 

calorific values vary among different plastic types. In particular, polymers such as polypropylene (PP), 

high-density polyethylene (HDPE), and polyethylene terephthalate (PET) exhibit relatively high 

heating values and therefore represent especially suitable fractions for energy recovery. 

     Detailed data on plastic waste composition by polymer type are currently unavailable. 

Nevertheless, the National Plastic Waste Prevention Program (NPWPP) [4] provides a general 

classification of plastic waste generated in Georgia, including PET bottles, plastic bags, and other 

plastic waste. According to the same source, statistics on plastic products produced and imported into 
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Georgia in 2020 indicate that approximately 93 % ultimately became waste. Of this amount, 22 % 

consisted of PET bottles, 44 % plastic bags, and 27 % other plastic waste. 

    These figures provide a useful overview of plastic waste streams—particularly those fractions that 

are difficult to recycle—and highlight their potential suitability as feedstock for energy recovery 

processes. 

 

 Table 1. Table 2. Expected energy potential of MSW, Georgia, 2024 

Fraction % 
Calorific value,  

MJ/kg 

Energy 

potencial, TJ 

Plastic 13.8 35 5718.72 

Paper/cardboard 10.6 14.75 1851.18 

Organic 54.7 5.25 3400.15 

Textiles 4.1 17.5 849.52 

Metal 1.4 0 0 

Glass 2.3 0 0 

 

 

 

 

 

 

 

 

 

 

 

Fig.3. Energy recovery potential of different fractions of MW, Georgia, 2024 

 

Table 2. Comparison Table of Waste-to-Energy Technologies 

Technology 

 

 

Feedstock Type Main Outputs 
Energy 

Efficiency 

Environmental 

Impact 

Mass-Burn Incineration 

(Direct Combustion) 

Mixed municipal 

waste 

Electricity, district 

heating, bottom ash 

metals 

High  
Very low 

emissions  

Anaerobic Digestion 

(Biogas) 

Source-separated 

organics, food 

waste, sludge 

Biogas, biomethane, 

digestate 
Medium Very low  

Gasification 
RDF/SRF, plastics, 

biomass 

Syngas, electricity, 

fuels 
High Low to medium 

Pyrolysis 
Plastics, rubber, 

RDF 

Pyrolysis oil,   

syngas, char 
Medium Medium 

RDF/SRF Co-

Incineration (Cement 

Kilns / Industrial Boilers) 

Pre-treated waste Heat, steam  Medium Low 
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Technology 

 

 

Feedstock Type Main Outputs 
Energy 

Efficiency 

Environmental 

Impact 

Mechanical-Biological 

Treatment (MBT) with 

Energy Recovery 

Mixed municipal 

waste 

RDF/SRF, biogas, 

stabilised residue 
Medium Medium 

Landfill Gas Recovery Existing landfills 
Electricity, heat 

from methane 
Low–Medium Medium–High  

WtE with Carbon Capture 

(CCS/CCU) 

Any thermal WtE 

plant 

Captured CO₂ for 

storage or use 
N/A  

Extremely low                             

net emissions 

 

Conclusions 

      Waste-to-Energy technologies in Georgia represent realistic and increasingly viable pathways for 

the country’s future waste management and energy development. These approaches can contribute 

simultaneously to reducing landfill dependency, lowering greenhouse gas emissions, and diversifying 

domestic energy generation. 

      A critical prerequisite for informed planning and implementation is the systematic study of 

municipal waste composition at regional and municipal levels. Such detailed characterization would 

enable more accurate assessments of calorific value, resource recovery potential, and technology 

suitability, thereby supporting realistic feasibility calculations and evidence-based decision-making for 

different WtE options. 

      In the longer term, broader deployment of WtE solutions could be achieved if several enabling 

conditions are met, including the expansion of waste separation and recycling systems, improved 

access to financing mechanisms, and the maturation of regulatory, institutional, and public-acceptance 

frameworks. Under these circumstances, WtE could become an integral component of Georgia’s 

circular economy transition. 
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