
 

1. Introduction 

In the current 21st century, there is an increasing prevalence 

of trends towards miniature engineering. Their presence is evi-

dent in a variety of sectors, including the power industry, where 

they are employed in refrigeration, heat exchange, chemical pro-

cesses, and power generation processes (microturbines, micro-

pumps, micro-compressors, micro-valves, micro-heat exchang-

ers, micro-motors, etc.) [1‒3]. The popularity of microturbines 

has increased significantly over the past two decades, due to 

their status as relatively small devices. The characteristics of the 

devices under discussion are as follows: they are characterised 

by relatively low electrical power (ranging from 25 to 500 kW), 

very high rotational speeds (ranging from 50 to 120 000 rpm, 

with some microturbines reaching speeds of up to 1 million rpm 

[4,5]), and relatively good efficiencies (ranging from 20% to 

30% without regeneration). These devices allow for diversifica-

tion of the energy source in the region [2,6].  
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Abstract 

In the contemporary energy landscape, governments are focusing on improving the efficiency of electricity generation and 
promoting distributed energy systems based on local and renewable sources. This has led to a substantial increase in the number 
of prosumer, polygeneration, and microgeneration power plants currently under development. In the case of micro-power plants, 
often turbine-based, particular emphasis is placed on the durability, reliability, cost-effectiveness, and efficiency of both indi-
vidual components and the entire system. The construction of microturbine power plants involves several challenges, including 
component miniaturisation, achieving extremely high rotational speeds, efficient power transmission, maintaining adequate 
safety standards, reducing noise, minimising emissions of harmful compounds, and designing the electric generator. Additional 
difficulties concern the optimisation of thermodynamic and fluid-dynamic processes, the high-efficiency design of flow com-
ponents, ensuring bearing and dynamic stability in high-speed rotating systems, miniaturising heat exchangers, and enhancing 
thermal processes. Despite the availability of commercial microturbine solutions, recent years have seen intensified research 
and development efforts. The evolution observed in this field suggests that efforts to improve efficiency, durability, reliability, 
and cost-effectiveness will continue, strongly supported by government involvement. Current progress and accumulated expe-
rience have enabled the development of engineering calculation methods for microturbine design, a crucial element of mi-
crogrids. This paper reviews the existing literature on microturbines, with particular attention to experimental results and exam-
ples of practical designs. It also outlines the main challenges faced by designers and engineers in developing such systems. 
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Nomenclature 

Abbreviations and Acronyms 

ACM – air cycle machine 

CBC – closed Brayton cycle 

CHP – combined heat and power (system) 

EMG – electromagnetic generator 

FBG – fibre Bragg grating 

GMT – gas microturbine 

GWP – global warming potential 

HRSG – heat recovery steam generator 

LSTM – long short-term memory 

MEMS ‒ micro-electro-mechanical systems 

NZEB – net zero energy building 

ODP ‒ ozone depletion potential 

ORC ‒ organic Rankine cycle 

OTEC – ocean thermal energy conversion 

PLM – porous layer model  

STG ‒ steam turbine generator 

TENG – triboelectric nanogenerator 

VOC – volatile organic compound 

The advantage of microturbines is their versatility in terms of 

fuel selection. In addition to conventional fuels such as natural 

gas and diesel, microturbines have the capacity to utilise a wide 

range of alternative fuels, including landfill gas, sewage treat-

ment plant gas, flue gas, coal gasification gas, biofuels, metha-

nol, ethanol, and hydrogen, among others [7]. 

At present, a significant number of corporations are engaged 

in conducting extensive research and development projects with 

the objective of constructing microturbines that exhibit enhan-

ced efficiency, reliability, durability and cost-effectiveness. The 

primary objective of the activity is to achieve efficiencies in ex-

cess of 40%, with a concomitant reduction in NOx emissions and 

an increase in availability (continuous operation between over-

hauls of more than 50000 hours), reducing investment costs  

(< 500 USD/kW), improving fuel flexibility (the ability to utilise 

several types of fuel, including biofuels, etc.). It is evident that 

a significant number of globally renowned corporations are en-

gaged in addressing these issues. While some entities have al-

ready commenced the provision of microturbines to the com-

mercial sector, ongoing research in this domain persists, with 

continual advancements being made. The challenges posed by 

the miniaturisation of components are manifold. These include, 

but are not limited to, difficulties with bearing and transmission 

at very high speeds. In addition, there is a need to ensure a proper 

level of safety, to reduce noise and to reduce the emission of 

harmful compounds into the atmosphere. A significant chal-

lenge confronting manufacturers pertains to the quality of elec-

tric generation, encompassing essential parameters such as re-

quired voltages, frequency, and power output, among others. 

This challenge persists during transient conditions. Concur-

rently, advanced research is being conducted into the use of new 

types of materials (synthetics, composites, ceramics, aluminium 

alloys, etc.) [8,9]. 

In the domain of micro systems, the primary concern per-

tains to the overall dimensions of the system. Miniaturisation 

facilitates the acquisition of information with greater efficiency, 

thereby reducing the material and energy requirements during 

the production process. Intelligent microsystems, equipped with 

microsensors and actuators, possess the capacity to interact with 

their environment and respond to changes therein. The utilisa-

tion of micro power supplies and microelectronics for signal 

processing is a prerequisite for such systems. The integration of 

these components enhances system efficiency, resulting in 

faster, more reliable, and cost-effective operation, while concur-

rently reducing power consumption and enabling the execution 

of more complex functions [10,11]. 

In the last two decades, there has been a marked increase in 

the number of articles dealing with microturbines, as evidenced 

by data from Elsevier's electronic journal database, which is 

available through the ScienceDirect platform (Fig.1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Number of publications on microturbines from Elsevier's electronic journals database. 
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The objective of this paper is twofold: firstly, to present and 

systematise extant solutions for vapour and gas microturbines; 

and secondly, to explore the potential for future development in 

this area. The analyses were conducted using a range of aca-

demic databases, including Elsevier Open Access, Institute of 

Electrical and Electronics Engineers, and Springer, to name  

a few. In certain instances, the authors have encountered diffi-

culties in accessing more detailed information due to the protec-

tion of intellectual property rights. The paper is organised into 

five main chapters, with each one focusing on specific aspects 

of these solutions. Vapour microturbines are categorised into 

two types: those using steam as the working medium (Rankine 

cycle) and those employing other working media in the Organic 

Rankine Cycle (ORC). The latter type of micro power plant, in 

particular, is undergoing significant development. The next 

chapter discusses gas microturbines, which are also experienc-

ing rapid advancements. A separate chapter is dedicated to Tesla 

microturbines, given their ability to utilise various working me-

dia, including steam, organic vapour, air, or flue gases, which 

complicates their classification within a single category. Addi-

tionally, a chapter has been dedicated to microturbines (both 

steam and gas) that employ Microelectro-Mechanical System 

(MEMS) technology, in addition to the analyses presented in 

other chapters. 

2. Steam microturbines 

Steam turbines are among the most versatile and long-standing 

prime mover technologies still widely used today. The utilisa-

tion of steam turbines for power generation has a long history, 

having replaced reciprocating steam engines due to their supe-

rior efficiency and lower costs. In the extant literature, steam 

microturbines are referred to as devices that produce energy 

measured in kilowatts or even watts. Up to now, quite a few 

power stations have been equipped with steam microturbines. 

However, this knowledge and technology domain is still dynam-

ically developing, in a similar manner to gas microturbines. The 

advantages of the steam microturbine are: 

 a proven technology,  

 broad power range,  

 acceptable efficiencies (at least at nominal conditions),  

 separation between combustion and power generation.  

The main disadvantages are:  

 low efficiency at partial load, 

 relatively high costs for a small size [8]. 

The Rankine cycle is the most common thermodynamic cy-

cle employed in steam turbines. This cycle constitutes the fun-

damental principle underlying conventional power-generating 

stations, Fig. 2, and it is realised in four ideal thermal processes 

[6]: 

 heat supply at constant pressure (usually, in the boiler fur-

nace, due to chemical reactions of fuel combustion, heat is 

generated and used for changing the water into steam, most 

frequently superheated),  

 isentropic expansion (the steam of high pressure and tem- 

 

perature generated in the boiler enters the turbine where it 

expands to the low pressure of the condenser), 

 heat rejection at constant pressure (in the condenser, the 

steam rejects its heat of condensation to a cooling system), 

 isentropic compression (in the pump, the isentropic process 

of compression takes place, transforming the water from 

saturated liquid state to feed water at high pressure). 

The steam microturbine has also been incorporated into hy-

brid cogeneration, trigeneration and combined steam-gas power 

systems [12]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

An example of a steam microturbine set is shown in Fig. 3 

[13]. The Steam Turbine Generator (STG) system consists of 

a high-speed steam microturbine with an axial inlet and radial 

outlet with a high internal efficiency of 80%, a planetary gear-

box reducing the speed in a ratio of 7.78:1 and a generator with 

efficiency above 95%. The efficiency depends on the parameters 

of the inlet steam. It has been demonstrated that the turbine set 

has the capacity to generate 275 kW of electrical power [14]. 

The centrifugal microturbine used in this solution allows large 

enthalpy drops to be realised with good efficiency at low mass 

flow rates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Diagram of a steam microturbine cycle. 

 

Fig. 3. Steam microturbine model STG. 
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In 2004, a prototype of a gas-powered domestic SteamCell unit 

for combined heat and power generation based on a steam unit 

was presented (Fig. 4) with an efficiency of 25%. The system 

has been demonstrated to deliver a range of electricity outputs 

between 0.5 kW and 4.6 kW, in conjunction with heat outputs 

ranging from 2 kW to 25 kW. In this particular instance, the con-

ventional Rankine cycle is augmented by the incorporation of an 

additional domestic water heater [15]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The paper [16] presents a two-stream flow centripetal micro-

turbine. The unit's maximum electrical power output is 50 kW 

at 12 000 rpm. The rotor is supported by rolling bearings. In ex-

perimental tests for an inlet steam pressure of 0.6 MPa, temper-

ature of 159°C and mass flow rate of 0.21 kg/s, 30.37 kW of 

electrical power was obtained. 

Another example of a steam turbine test rig is the system that 

was installed at the Maine Maritime Academy[17]. The facility 

has two steam turbine units. One is a single-stage Curtis turbine, 

and the other is a multi-stage axial turbine. Operation parame-

ters: outlet pressure of 800 kPa, outlet temperature of 289°C, 

boiler inlet water temperature of 63°C, condenser pressure of 

20 kPa, turbine outlet temperature of 110°C (Curtis stage) and 

60.1°C (multi-stage turbine), rotational speed of 3 600 rpm, 

electric power of 8.21 kW (Curtis stage) and 13.32 kW (multi-

stage turbine), with overall circuit efficiency of 11.4% (Curtis 

stage) and 18.55% (multi-stage turbine). There are some disad-

vantages to both solutions. The Curtis turbine stage is less effi-

cient, and the multistage turbine is more complicated. 

The New England Steam Turbine Corporation, on the other 

hand, makes NESTCO N17 H single-stage steam turbine units. 

These have a power output of 1260 hp (940 kW), an inlet steam 

temperature of 440°C, a pressure of 49 bar and a speed of  

6 300 rpm. This is also a Curtis turbine stage device. The com-

pany also offers a vertical-flow version of the NESTCO N17 V 

microturbine. Both devices are used to drive pumps [18]. 

Another intriguing steam microturbine solution is a counter-

rotation turbine with two separate rotors, without a stator be-

tween them, rotating in opposite directions, driving two separate 

high-speed permanent magnet generators (see Fig. 5). Figure 5a 

presents a microturbine set, while Fig. 5b shows a partially de-

composed device with visible separate rotor blade cascades. It is 

a device that uses the summation of velocity vectors resulting 

from the modification of the Ljungström turbine. The micro-

turbine has been demonstrated to facilitate a power output of ap-

proximately 1,5 kW at an inlet steam pressure of around 5 bar, 

a temperature of approximately 220°C, and outlet parameters of 

10 kPa and 40°C. These conditions are maintained while the mi-

croturbine operates at a rotational speed of 30 000 rpm and 

a mass flow rate of 5 g/s. This approach has been patented [19] 

and has undergone theoretical testing and analysis. The feasibil-

ity of a compact design that is capable of effective electricity 

production was demonstrated [20,21].  

 

 

 

 

 

 

 

 

 

 

 

For example, in Russian developments led by the Don Tech-

nologies consortium, single-stage, two-flow active centripetal 

steam microturbines have been applied, operating in the range 

of 30–50 kW electric power and up to 600 kW thermal power. 

Their design enables independent regulation of electricity and 

heat generation, which distinguishes them from gas turbine and 

piston units. Experimental investigations, however, revealed the 

need for further optimisation of blade profiles and reduction of 

efficiency losses during wet steam operation [22]. 

In studies on cogeneration systems, integrating gas and 

steam microturbines with ORC loops and solar collectors has 

been emphasised. Advanced concepts couple a microturbine 

with a parabolic dish collector and a Brayton cycle, while waste 

heat recovery is performed through dual-stage ORC modules. 

Such configurations significantly improve exergy efficiency and 

reduce fuel consumption, achieving overall efficiencies exceed-

ing 70% [23]. 

Although steam microturbines were not the primary focus in 

research on building-integrated nanogrid systems, they are often 

discussed in the broader context of decentralised trigeneration. 

Integration of microturbines with thermal energy storage high-

lights their potential use in Net Zero Energy Buildings (NZEBs), 

where they can complement renewable sources and support lo-

cal heating and cooling demands [24]. 

Another promising direction is the application of micro-

turbines in mobile and transport energy systems. Research on 

sustainable tramway power supply has demonstrated the feasi-

bility of integrating microturbines with biomass gasifiers. In 

such configurations, microturbines act as stabilising units for the 

entire energy system, working in conjunction with energy stor-

age and renewable sources, thereby enhancing energy autonomy 

and reducing CO₂ emissions [25]. 

Utilising the microturbine configuration presented in Fig. 5, 

the authors have proposed a solution for a steam micro-turbine 

that operates in an emission-free mode. This solution involves 

the combustion of hydrogen in an oxygen, resulting in the gen-

eration of steam as the working medium. The concept of such 

 

Fig. 4. Functional diagram of the SteamCell system. 

     
a)                                                 b) 

Fig. 5. View of a steam microturbine with two generators (a) and both 

counter-rotating rotors in separate housings (b). 
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an installation is illustrated in Fig. 6, while the test stand is pre-

sented in Fig. 7. The proposed solution is straightforward and 

analogous to the Rankine system. The hydrogen burner gener-

ates high-temperature steam. The process of steam generation at 

a lower temperature, permissible for the turbine, is achieved by 

the supply of water to the burner. Steam expands in the turbine 

and is then condensed in a water-cooled condenser. The work of 

the turbine is used to produce electricity in the generator. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In addition to the commercial versions, laboratory-scale sta-

tions are also available. The steam parameters at the boiler outlet 

are a pressure of 827 kPa and a temperature of 250°C, and the 

resulting electrical power is approximately 15 W [26]. These are 

student stands designed to present the idea of the Rankine cycle. 

In this chapter, the authors have conducted a review of extant 

design solutions for microturbines with steam as the working 

medium. Although few examples of steam-based microturbines 

have been cited, their development is ongoing. Steam micro-

turbines have very low steam flow rates and high enthalpy drops, 

so special designs must be used to achieve good efficiency. 

A range of adaptations have been derived from high-power 

steam turbine solutions, including multi-stage axial micro-tur-

bines, micro-turbines with Curtis stage, centripetal turbines, and 

turbines with contra-rotating rotors. Each of these has its own 

advantages and disadvantages, and ongoing development is fo-

cused on enhancing efficiency, durability, and reliability. How-

ever, recent trends in micro turbine development appear to be 

shifting towards the utilisation of working media other than wa-

ter. These are ORC cycles, which will be discussed in more de-

tail in the next chapter. 

3. Microturbines in ORC cycles 

The fundamental operating principle of ORC technology was 

first established in 1826 by Howard. He used ether as the work-

ing medium. It was not until more than a century later that 

D'Amelio constructed an ORC power plant in 1936, equipped 

with a single-stage impulse turbine and monochloroethane 

(C2H5Cl) as the working medium, heated by solar energy. Sub-

sequently, during the 1960s, research into potential working flu-

ids was initiated, which led to the identification of the ad-

vantages of chlorofluorocarbons (CFC) use and the establish-

ment of the ORC cycle with regeneration. This cycle continues 

to be utilised extensively in the present day. This development 

subsequently prompted the conception of multiple prototypes by 

ORMAT in 1964 and Turboden in 1970. These enterprises have 

since emerged as the foremost entities within the ORC market 

[27].  

The initial ORC systems, which were in operation between 

1960 and 1980, are summarised in Table 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Concept of operation of a hydrogen microturbine. 

 

Fig. 7. View of the hydrogen microturbine test stand. 

Table 1. First ORC systems built between 1960 and 1980. 

Year 
Power, 

kW 
Working 

fluid 
Tempera-
ture, °C 

Pres-
sure, 
bar 

Number 
of 

systems 
Country 

1961 347 R11 - - 1 USA 

1966 190 R11 120 12,5 1 Japan 

1967 750 R12 - - 1 USSR 

1968 3800 R11 121 12,8 1 Japan 

1969 475 R11 116 11,6 1 Japan 

1972 108 
Fluorinol 

85 
288 48,3 1 USA 

1974 500 R11 123 13,3 1 Japan 

1975 600 Toluen 274 22 1 USA 

1977 500 R113 90 12,4 1 Japan 

1977 34 
Fluorinol 

50 
321 55,2 1 USA 

1978–1982 600 Toluen 251–274 
16–
22 

5 USA 

1979 200 Toluen - - 1 USA 

1979 40 
Tetrachlo-
roethylen 

110 0,7 1 Italy 

1979 500 R11 88 6,2 1 USA 

1979 21 R114 92 - 1 Germany 

1979 100 Toluen 320 - 1 Germany 

1979 170 Toluen 323 - 1 Germany 

1979 500 R114 85 - 1 Germany 

1979 30 R11 160 13 1 Germany 

1980 45 C8F16 280 11,6 1 Italy 

1980–1983 50–600 R114 - - 22 Israel 

1981 14000 
Fluorinol 

85 
260 34 1 Japan 

1981–1984 
1000–
1500 

R113 130 7,9 3 USA 

1982 130 R11 - 24 1 Germany 

1982 500 R114 105 15,3 1 Italy 

1982 5000 R114 75 8,1 1 USA 

1983 1000 
Fluorinol 

85 
330 50 1 France 

1983 3280 R11 90 6,7 1 Japan 

1984 100 
Dichloro-
benzen 

173 0,9 1 Italy 

1984 100 C8H10 130 0,8 1 Italy 

1984 100 R114 170 22 1 Finland 
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The assembly of these power plants was primarily under-

taken in the USA, Japan, Germany, Israel and Italy, with capac-

ities ranging from a few tens of kilowatts to several megawatts. 

A solution with a capacity of up to 1 MW can be designated as 

a microturbine unit. At that time, the following refrigerants were 

typically utilised: R11, R12, R113, R114 and Fluorinol [7,28].  

We can see from the table that the temperatures used in those 

years were quite low. They did not exceed 330°C. On the other 

hand, the pressures were already above 55 bar. It is generally 

accepted that steam power plants above 350°C have higher effi-

ciencies than those using organic media [29]. At lower temper-

atures, thermodynamic cycles using organic fluids can achieve 

a higher level of efficiency than those using steam [30]. The con-

struction of this type of power plant was later somewhat aban-

doned, but the last two decades have seen a rapid development 

of ORC systems and associated microturbine technology. 

The ORC is similar to the cycle of a conventional steam tur-

bine, except that the medium that drives the turbine is a high 

molecular weight organic fluid. The selected working fluids al-

low efficient use of low temperature heat sources to generate 

electricity over a wide power range (from a few kW up to 1 MW 

per unit). The organic working fluid is vaporised in the evapo-

rator, then it expands in the turbine and is then condensed using 

cooling water in a heat exchanger (alternatively, ambient air can 

be used for cooling). The condensed medium is then pumped 

back to the evaporator, and the thermodynamic cycle is closed. 

Heating and cooling sources are not in direct contact with the 

working fluid or the turbine. For high temperature applications, 

e.g. combined heat and power biomass-powered plants, high 

temperature thermal oil is used as a heat carrier and a regenera-

tor is added to further improve the cycle performance. The main 

technical advantages of ORC plants are as follows: 

 relatively high cycle efficiency for a low value of upper cy-

cle temperature, 

 high turbine efficiency (up to 85%), 

 no erosion of blades, due to the absence of moisture, 

 long life time, 

 no operator is required. 

The system also has practical advantages, such as simple 

start-stop operation, quiet operation, minimum maintenance re-

quirements, and good part load performance. Typical applica-

tions are: 

 power plants with low temperature geothermal fluids, up to 

1 MW electrical power per unit, 

 biomass fueled plants, 

 heat recovery applications (in the range of 400 to 1500 kW 

electrical power), 

 solar systems application [31]. 

Many companies have developed and implemented their 

own technologies in recent years, e.g. radial flow turbines, axial 

microturbines, direct evaporation turbine units, centripetal radial 

flow microturbines or screw expanders [27,28]. By the end of 

2016, 1754 ORC turbine units with a total installed capacity of 

more than 2.7 GW had been built, according to the study [27]. 

Often the main source of energy in ORC power plants is 

waste heat from various energy, industrial, agricultural or even 

domestic processes [32,33]. The utilisation of this particular 

type of heat facilitates enhanced energy efficiency by means of 

its recovery and reuse, as opposed to its dissipation into the en-

vironment. To illustrate, in industrial facilities such as steel 

mills, cement plants and chemical plants, waste heat is fre-

quently a by-product of technological processes [34,35]. Nu-

merous examples in the extant literature illustrate the utilisation 

of waste heat from internal combustion engines [36] as well as 

from gas turbines [37] as a source of thermal energy for ORC 

systems. The implementation of these solutions has the potential 

to enhance the overall energy efficiency of these units, which, 

in practical terms, is evidenced by a reduction in energy losses 

and an increase in efficiency by several percentage points. 

In addition to waste heat, geothermal energy is a frequently 

analysed and utilised energy source for ORC systems [38]. Ge-

othermal heat sources, including hot springs and geothermal 

boreholes, are a stable and renewable energy source that can 

power ORC power plants throughout the year, irrespective of 

weather conditions. Another area of interest is the use of solar 

energy [39], which, when utilising suitable solar collector tech-

nology, can be efficiently converted to thermal energy to power 

the ORC cycle. In coastal or island regions, examples are also 

emerging of the use of ocean thermal energy, known as Ocean 

Thermal Energy Conversion (OTEC) energy, as a heat source 

for ORC power plants [40]. This type of solution is based on the 

temperature difference between the warmer surface of the ocean 

and the cooler layers of the deep sea, making it possible to gen-

erate electricity in a renewable and environmentally friendly 

manner. The above-mentioned heat sources vary considerably in 

temperature from around 30C to 200C, which has a significant 

impact on the selection of working medium and, consequently, 

the design of the microturbine. 

The working fluids utilised in ORC power plants are re-

quired to adhere to a multitude of criteria, which poses a signif-

icant challenge in the design of such systems. Operational safety 

is paramount, necessitating the use of a working fluid that ex-

hibits minimal toxicity and environmental impact. In practice, 

substances with high greenhouse gas potential (GWP) and high 

ozone depletion potential (ODP) are typically excluded or used 

only in exceptional cases. The environmental impact of a given 

substance is also associated with its capacity for biodegradation 

and the emission of volatile organic compounds (VOCs). In ad-

dition to the environmental aspects, the working fluid should be 

inexpensive and readily available on the market. The cost of the 

working fluid has a direct impact on the cost-effectiveness of the 

overall project, particularly in the case of larger installations, 

where the quantity of fluid required is substantial. Another im-

portant requirement is its chemical stability, both thermal and 

material. It is imperative that the working medium does not react 

chemically with the components of the flow system (e.g. heat 

exchangers, turbines or piping), as this could lead to their corro-

sion or degradation and, consequently, result in the premature 

failure of the plant. In practice, it is often challenging to identify 

a working medium that fulfils all these requirements while pre-

serving optimal thermodynamic properties. Consequently, de-

signers are compelled to make compromises, which may entail 

the implementation of more sophisticated and costly safety tech-

nologies, such as leak detection systems or fire protection sys-

tems, particularly in the context of flammable media, including 
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saturated hydrocarbons (methane, propane) and unsaturated hy-

drocarbons (ethane, ethylene). It is therefore evident that the se-

lection of the operating medium constitutes a significant engi-

neering challenge in the design of ORC systems, given the ex-

tensive range of potential substances that can be utilised. 

The extant literature comprises analyses of diverse groups of 

compounds, including saturated hydrocarbons (e.g. n-pentane), 

unsaturated hydrocarbons (e.g. propylene), cyclic hydrocarbons 

(e.g. cyclohexane), heterocyclic hydrocarbons (e.g. furfural), ar-

omatic hydrocarbons (e.g. toluene), as well as synthetic refrig-

erants (R134a, R1234yf), alcohols (ethanol, methanol), silox-

anes (e.g. MM, MD2M) and other compounds [41]. A number 

of studies have been conducted on the selection of suitable op-

erating agents for ORC systems, as it is crucial for process effi-

ciency and stability. A range of studies have been conducted that 

consider both synthetic refrigerants and natural organic com-

pounds with a view to determining whether they can meet the 

requirements of specific applications. The most commonly used 

working refrigerants include compounds such as R245fa, R123, 

n-butane, n-pentane and R1234yf [41]. These refrigerants pos-

sess relatively low boiling points, rendering them efficacious in 

ORC systems with low to medium heat source temperatures. 

Ethanol, as an example of alcohol, is also used as a working 

fluid in ORC systems due to its thermodynamic properties and 

relatively low toxicity [40]. Other refrigerants, such as R134a, 

R152a, R236fa, R245fa, or mixtures such as R404a and SES36, 

have also been extensively studied in the context of ORC engine 

applications [37]. Many of these compounds have low ozone de-

pletion potential (ODP) and moderate global warming potential 

(GWP), making them more environmentally friendly [42,43]. 

In the context of high-temperature ORC systems, com-

pounds with higher boiling points, such as toluene, siloxanes 

(e.g. MDM, MM, MD2M), are often preferred [44], which show 

stability in higher temperature ranges. Furthermore, agents such 

as ammonia, cyclohexane or acetone are of interest in this con-

text [45], which, due to their chemical and thermodynamic prop-

erties, can be used under more demanding conditions, e.g. using 

waste heat from higher temperature processes. 

In the case of some ORC systems, mixtures of operating me-

dia are also considered. These mixtures may provide enhanced 

thermodynamic properties, but their composition and character-

istics are often not commercially available and, in many cases, 

are protected by patents. Therefore, the selection of a suitable 

working medium should prioritise cycle efficiency and maxim-

ise the use of the available heat source, which directly affects 

the energy efficiency of the overall system. 

A fundamental difference between ORC cycles and conven-

tional Rankine cycles lies in the temperature of the working me-

dium at the turbine inlet. This results from the specific properties 

of the organic fluids employed, such as isopentane, R245fa, or 

siloxanes. These fluids have a lower evaporation temperature 

than water, enabling the efficient utilisation of low- and me-

dium-temperature heat sources. Consequently, conventional 

ORC power plants typically achieve efficiencies in the range of 

10−12%, while modified ORC systems can reach efficiencies of 

up to 15−20% [46]. Such modifications may include an increase 

in the maximum temperature or a change in the structure of the 

entire plant. Increasing the temperature of the working medium 

at the turbine inlet leads to a higher temperature difference over 

the cycle and, consequently, an increase in thermodynamic effi-

ciency [47]. This is achieved by using stronger materials in heat 

exchangers and turbines, allowing for safe operation at higher 

temperatures. Another method of increasing efficiency is to 

modify the plant structure. The incorporation of an additional 

cycle is an illustrative example of the concept, as it results in the 

establishment of a cascade system. In such a system, the waste 

heat from the first cycle is utilised as a heat source for the second 

cycle, which results in a substantial increase in the overall effi-

ciency of the plant [48]. 

In addition, the implementation of an auxiliary heater has 

been demonstrated to enhance the temperature of the working 

medium prior to its expansion within the turbine, thus leading to 

an enhancement in process efficiency [49]. 

As in conventional steam turbine systems, the efficiency of 

ORC cycles can also be increased by using an interstage super-

heater. Interstage superheating entails heating the medium after 

partial expansion in the turbine, which enhances the efficiency 

of subsequent expansion [50]. Moreover, the utilisation of re-

generators facilitates the recovery of heat from the working me-

dium following expansion. This process elevates the tempera-

ture of the medium prior to its entry into the evaporator, thereby 

diminishing the heat demand [51,52]. 

Another modification that has the potential to enhance effi-

ciency is the implementation of a parallel evaporator. This ap-

paratus facilitates the concurrent utilisation of diverse heat 

sources, each with distinct parameters. Consequently, it enables 

the optimised alignment of the cycle's properties with the avail-

able resources, thereby ensuring enhanced efficiency [53]. 

In addition to structural changes, efficiency improvements 

can also be achieved by optimising the operation of individual 

power plant components such as turbines, compressors, boilers, 

pumps and electrical generators. The optimisation of turbines 

and compressors through the utilisation of contemporary mate-

rials and precision machining technologies has been demon-

strated to reduce mechanical losses and enhance efficiency. Im-

provements to heat exchangers, such as boilers and evaporators, 

can increase the efficiency of heat transfer. Moreover, modern 

electric generators with higher efficiency allow for better con-

version of mechanical energy into electricity. 

Nevertheless, despite these advances, a significant disparity 

in efficiency persists between ORC systems and conventional 

steam or gas cycles. Consequently, there is an ongoing focus on 

research endeavours aimed at enhancing the efficiency of ORC 

power plants. A pivotal advancement is the augmentation of 

working fluid parameters, including temperature and pressure. 

New working fluids with higher thermal stability can enable op-

eration at higher temperatures, which would significantly in-

crease cycle efficiency. Concepts such as Kalina cycles and su-

percritical ORCs represent promising research directions, as 

they offer the potential to achieve higher efficiencies by better 

matching the properties of the working fluid with the available 

heat sources [54,55].  

The development of ORC microturbine design focuses both 

on enhancing flow efficiency and minimising losses, as well as 
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ensuring operational reliability. Of particular importance are 

sealing solutions aimed at reducing working fluid leakage. In 

addition to conventional labyrinth seals, honeycomb-type seals 

have been investigated, which effectively reduce leakage flows 

but require advanced manufacturing technology and may intro-

duce additional frictional losses [56]. In parallel, experimental 

studies of microturbogenerators have demonstrated the exist-

ence of optimal heat source power and generator load values at 

which maximum electrical output can be achieved [57]. 

Another crucial direction of development is the implementa-

tion of advanced diagnostic and condition monitoring systems. 

Fibre Bragg Grating (FBG) optical sensors enable leakage de-

tection and temperature monitoring of critical microturbine 

components [58], while artificial intelligence algorithms, such 

as Bayesian-optimised Long Short-Term Memory (LSTM) net-

works, allow rapid identification of sensor malfunctions, 

thereby improving the safety and reliability of ORC systems 

[59]. 

As previously stated, the implementation of supercritical pa-

rameters has been demonstrated to enhance the efficiency of 

ORC cycles. However, it has been demonstrated that replacing 

adiabatic expansion with isothermal expansion can lead to an 

enhancement in efficiency of up to ten percentage points (see 

Fig. 8) [47,60]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Moreover, endeavours are currently being undertaken to en-

gineer more robust materials for heat exchangers and turbines 

that have the capacity to function at elevated pressures. This de-

velopment has the potential to enhance efficiency. 

This section of the paper provides a comprehensive over-

view of the current state of ORC technology. It places particular 

emphasis on the operating medium, temperature and pressure 

levels, as well as the specifics of each application, which are 

primarily influenced by the heat source. The investigation iden-

tified the type of working medium and the turbine as two key 

aspects of ORC technology. A comprehensive literature review 

has identified numerous studies addressing working fluids, un-

derscoring their various limitations. The emphasis placed on de-

sign solutions by designers and constructors is notable for its 

simplicity, with axial or radial single-stage turbines being of par-

ticular interest. These turbines are characterised by their rela-

tively high efficiency, durability and cost-effectiveness. How-

ever, it should be noted here that each case should be treated 

individually in the design of an ORC micro-turbine, depending 

on the operating parameters, heat source, intended use and other 

technological aspects. The primary technological characteristics 

of ORC solutions were enumerated, and a comparison with the 

conventional steam cycle demonstrated that ORC systems were 

more appropriate for low-power (microturbines) and low-tem-

perature applications. The subsequent chapter will address gas 

microturbines, which are also undergoing development. 

4. Gas microturbines 

Various configurations of gas microturbine systems have been 

documented in the existing literature. In the majority of cases, 

two distinct microturbine power plant schemes are employed: an 

open cycle scheme (Fig. 9a) and a closed cycle scheme (Fig. 9b). 

The majority of systems incorporate a recuperator, the function 

of which is to recover a portion of the exhaust heat. This heat is 

then utilised to preheat the combustion air (see Figs. 9c and 9d). 

As demonstrated in Fig. 9c, the air is compressed in the com-

pression section, subsequently mixed with fuel, and then burned 

to generate power for the turbine section [61]. 

Gas microturbines are typically fuelled with natural gas, with 

a generation capacity ranging from 25 kW to 500 kW of elec-

tricity. The rotational speed of these engines is notably high, 

ranging from 50 000 rpm to 120 000 rpm, and occasionally ex-

ceeding 100 000 rpm. Their thermal efficiency, ranging from 

20% to 30% without regeneration, is considered acceptable. 

However, with regeneration, the efficiency can be further en-

hanced. The provision of a diverse energy source within a spe-

cific region is facilitated by this mechanism. Gas microturbines 

are advantageous due to their compact size and relatively low 

investment cost. Furthermore, the emission levels exhibited dur-

ing operation are minimal. It is evident that they serve to mini-

mise the ecological impact of substantial transmission and dis-

tribution systems. In the contemporary business environment, 

       
a)                                                                          b)                                                                                   c) 

Fig. 8. Thermodynamic cycle of the ORC power plant with acetone as a working medium: (a) adiabatic expansion in the turbine, (b) isothermal expansion 

in the turbine, (c) comparison of electrical efficiency (AD – adiabatic expansion, IZT - isothermal expansion). 
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a significant number of companies are engaged in extensive re-

search and development initiatives related to the construction of 

gas microturbines. The primary objective of these endeavours is 

to enhance the efficiency, reliability and durability of these de-

vices, while concurrently reducing their overall cost. The pri-

mary objective of these activities is to enhance the effective ef-

ficiency, whilst concomitantly reducing NOx emissions, extend-

ing the time between successive overhauls beyond 45 000 hours, 

and minimising investment costs to below 500 USD/kW. An-

other issue that must be addressed is the necessity for greater 

flexibility with regard to the type of fuel utilised. This would 

entail the use of different fuels for the same turbine, with a par-

ticular emphasis on the use of biofuel. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The majority of manufacturers are adopting a single-shaft 

design, whereby the compressor, turbine, and permanent-mag-

net generator are mounted on a single shaft supported by lubri-

cation-free air bearings. These turbines are capable of operating 

at speeds of up to 120 000 rpm and are powered by natural gas, 

gasoline, diesel, and alcohol. The dual shaft design incorporates 

a power turbine and gear for mechanical drive applications and 

operates up to a speed of 40 000 rpm. The compact and light-

weight design of microturbines renders them a viable option for 

a wide range of light commercial and industrial applications 

[62].  

In industrial practice, gas microturbines (GMTs) are increas-

ingly employed as prime movers in combined heat and power 

(CHP) systems, simultaneously generating electricity and heat 

with overall efficiencies of 80–90%. Their advantages include 

fuel flexibility—from natural gas to biogas—and very low ex-

haust emissions. Feasibility studies, such as those conducted for 

industrial laundries, confirm the high economic viability of 

GMT-based installations as well as significant primary energy 

savings [63]. 

As previously stated, a salient benefit of gas microturbines 

is their capacity to operate on a range of fuels e.g. natural gas, 

biogas, sewage gas, waste gas, stack gas, gas produced as prod-

ucts of carbon gasification or pyrolysis processes, biofuel, diesel 

fuel, gasoline, heating oil, methanol, ethanol, propane, hydro-

gen, etc. Microturbines produce thermal output at a temperature 

range between 200°C to 350°C, suitable for supplying various 

thermal needs. Their life time is estimated in the range of 40 000 

to 80 000 hours. To date, these units have exhibited adequate 

reliability. However, not enough time has passed for them to be 

included in commercial services. As a result, providing data on 

their entire lifetime is currently unfeasible. Microturbine sets 

can be connected in parallel to support larger loads and improve 

power reliability. Reducing the output power of microturbines 

leads to lower mass flow and combustion temperature; conse-

quently, the efficiency at part load may drop below the design 

value. Single-shaft gas microturbines with air bearings do not 

require lubricating oil or water, resulting in lower maintenance 

costs compared to conventional gas turbines. Microturbines that 

use lubricating oil do not need frequent oil changes because the 

oil is kept separate from the combustion products [64].  

A distributed power generation system covers a variety of 

generating technologies, and in addition to microturbines, it in-

cludes fuel cells, wind turbines, photovoltaic cells, Stirling en-

gines and internal combustion engines. The main advantages of 

a distributed power generation system are reducing transmission 

losses, distributing costs, ensuring higher reliability (especially 

in smaller systems), and potentially achieving greater overall ef-

ficiency by utilising waste heat for cogeneration. While the po-

tential market for microturbines remains uncertain, propane-

fueled microturbines offer significant advantages. Propane is of-

ten the preferred fuel in several situations, such as when natural 

gas is not available, when propane is more affordable than nat-

ural gas, or when a backup fuel source is needed for greater re-

liability, especially in conjunction with natural gas or diesel 

[65,66]. 

Modern gas microturbines are expected to demonstrate a set 

of advanced features, including reduced emission levels 

achieved through water or steam injection as well as dry low-

emission combustion technologies [67], along with high fuel 

flexibility enabled by new combustion and fuel systems sup-

ported by advanced coatings [68]. Their operation should also 

ensure improved reliability and availability through extended 

a)  

b)  

c)  

d)  

Fig. 9. Open cycle (a) and closed cycle (b) gas microturbine plant.  

Single shaft open cycle gas microturbines with a heat exchanger  

and a classical (c) or external (d) combustion chamber. 
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component lifetimes, intelligent control, and condition monitor-

ing systems, while maintaining higher overall efficiency and en-

hanced efficiencies of individual components resulting from 

tighter tolerances and advanced aerodynamic designs. Further-

more, progress is associated with higher firing temperatures, ap-

proaching the limits of material effectiveness [69], and the in-

troduction of novel technological solutions such as recuperated 

cycles (Fig. 9c, [69]), intercooled recuperated cycles [70], inte-

gration with high-temperature fuel cells (solid oxide or molten 

carbonate), power plants equipped with Heat Recovery Steam 

Generators (HRSG) [71,72], wet cycles [6,70], combined heat 

and power systems, and photovoltaic integration [73]. At the 

same time, further developments are expected to reduce costs, 

increase power density through higher firing temperatures and 

innovative component designs based on advanced materials 

such as ceramics [74], and enable more compact turbomachin-

ery with lower component costs resulting from more highly 

loaded elements. 

The advanced cycle is a regenerative Closed Brayton Cycle 

(CBC) as presented in a paper [73]. The working fluid is a mix-

ture of helium and xenon. The main components of the cycle 

are: the receiver, which has to collect solar energy, to store it in 

a phase-change eutectic salt (LiF–CaF2) and to transfer it to the 

working fluid, the cooler, which refrigerates the working fluid 

and ejects the low temperature heat into space via the radiator 

device; the radial turbomachinery, consisting of the compressor, 

expander and electrical generator, all assembled on a single ro-

tating shaft, and the recuperator, which recovers the exhaust heat 

from the expander outlet and transfers it to the compressed air.  

Another example is the DynaJet 2.6 portable gas turbine gen-

erator, which has a rated output of 2.6 kVA and is shown in 

Fig. 10.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The unit is powered by a single-shaft regenerative gas tur-

bine engine. It features a permanent magnet system for the gen-

erator, which requires effective cooling to ensure optimal per-

formance at high speeds. The rated rotational speed is  

100 000 rpm, and the rated power output is 100 V / 2,6 kVA. 

The device can operate at a frequency of either 50 Hz or 60 Hz, 

with the option to switch between these settings. It uses kerosene 

as fuel, with a consumption rate of less than 4.5 litres per hour 

at the rated output. The generator operates reliably within a tem-

perature range of 20°C to 50°C. Its dimensions are 825 mm 

(length), 420 mm (width), and 455 mm (height). Small gas tur-

bines with a power rating of 100 kW or less are attractive not 

only as distributed power generation systems or for mobile 

power supply, but also as the core of a combined heat and power 

system due to the excellent quality of the exhaust gas [75]. 

Another type of gas turbine is the wave rotor system  

(Fig. 11). Wave rotors do not use mechanical components such 

as pistons or blade cascades to compress the fluid. Instead, the 

pressure increase is achieved by generating compression waves 

in appropriately designed geometries. It has been proven that, 

for the same inlet and outlet conditions, wave rotors can signif-

icantly enhance performance. The essential feature of wave ro-

tors is an array of channels arranged around the axis of a cylin-

drical drum. The drum rotates between two end plates, each with 

several ports or manifolds that control the fluid flow through the 

channels [76]. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

The next example is a single-stage axial microturbine. It has 

been developed with a rotor diameter of 10 mm, see Fig. 12. The 

turbine is made from stainless steel using die-sinking electro-

discharge machining. It has been tested for speeds up to  

160 000 rpm and generates a maximum mechanical power of  

28 W with an efficiency of 18% [77,78]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. Schematic diagram of DynaJet 2.6. 

 

Fig. 11. Schematic diagram of a gas turbine topped  

by a four-port wave rotor. 

 

 

Fig. 12. Single-stage axial microturbine. 
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In contrast, a groundbreaking solution for a gas microturbine 

with isothermal expansion can be found in the paper [79] (see 

Fig. 13). In the proposed solution, the working medium, after 

isothermal expansion in the nozzles, is transferred to a guide 

system that provides the correct flow angle to the rotor blades. 

The rotor of the turbine is shown in Fig. 13a, the compressor in 

Fig. 13b, and the whole stand is illustrated in Fig. 13c. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The experimental rig consists of the combustion chamber, 

turbine, compressor, electric generator and regenerator. A large 

number of tests have been carried out on the operation with var-

ious changes and modifications. The test rig is equipped with 

sensors that measure the temperature and pressure of the work-

ing fluid at characteristic points of the unit (at the inlet and outlet 

of each component), the air flow rate, the rotor speed and the 

parameters of the electricity generated. The nominal power of 

the turbine was approximately 5.3 kW, and the rotational speed 

was 27 000 rpm. It is likely that there will be commercial offers 

for this type of microturbine set in the near future, as it is the 

solution with the highest achievable efficiency. 

Gas turbines and turbojets are widely used in aviation. Micro 

jet turbines, on the other hand, have been used in modelling for 

many years. In these systems, they are small in size and the main 

parameters are: thrust of several hundred Newtons, temperatures 

behind the combustion chamber reaching up to 700C, high rev-

olutions exceeding 100 000 rpm. Table 2 shows examples of mi-

cro jet turbines and the operating parameters [80‒83].  

Microturbines are also used in air-conditioning systems in 

aircraft ‒ Air Cycle Machine (ACM). ACM systems are the 

cooling units in the on-board atmosphere control system used in 

airtight aircraft cabins. Typically, aircraft have two or three 

ACM 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                  
                                             a)                                                                         b)                                                                             c) 

Fig. 13. Isothermal microturbine rotor (a), casing (b) and test rig (c). 

Table 2. Parameters of exemplary airborne microturbines. 

No. Name Thrust 
Temperature, 

C 
Mass, kg 

Diameter, 
mm 

Length, 
mm 

Mass flow, 
kg/s 

Rotational 
speed, rpm 

Compression  

1 AMT Olympus 230 N - 2.475 130 267 0.45 108000 4 

2 KH-66 75 N - 0.93 112 230 0.23 115000 2.2 

3 Wren MW54 54 N - 0.8 87 150 0.18 160000 2.3 

4 JF-50 Bee Titanium 63 N 700 0.8 110 170 0.2 180000 2.3 

5 JF-160 Rhino 35 lbs 650 1.5 110 300 0.52 116000 - 

6 JF-120 SuperEagle 30 lbs 700 1.35 110 300 0.34 128000 2.37 

7 Merlin JG-100 27.5 lbs 640 1.25 108 230 0.139 126000 2.37 

8 Merlin KJ-66 92 N 590 - 108 230 0.154 128000 1.56 

9 Merlin 160G 160 N 550−680 1.45 111 300 0.38 116000 3.2 

10 GTM-70 80 N 600 1.2 115 300 - 120000 - 

11 FD3 Schreckling 30 N ~700 0.75 - - 0.16 - 1.5 

12 Kamps 50 N ~650 1.14 - - 0.166 - 2 

13 T250P JPX 59 N ~740 1.55 - - 0.177 - 2.15 

14 JF-100 Falcon 22 lbs 650 1.4 98 300 0.27 122000 - 

15 JF-50 Bee Tornado 25 N 565 0.4 58 132 0.2 200000 - 
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units. The cooling process uses air instead of freon in a gas cy-

cle. There is no condensation or evaporation of the working me-

dium in the cycle, the cooled air is used directly to cool the air-

craft cabins. The microturbines in these systems run on gas bear-

ings at speeds of 30 000−50 000 rpm [84].  

Gas microturbines are increasingly recognised as a key com-

ponent of modern energy systems, both in industrial applications 

and in specialised fields such as micro- and nanosatellites. Their 

design combines compact dimensions with the capability to op-

erate in high-efficiency combined heat and power (CHP) sys-

tems as well as in applications requiring high precision and reli-

ability. For space microengines, one of the fundamental design 

challenges is the modelling of flows in micronozzles and micro-

channels. The influence of the boundary layer, both laminar and 

turbulent, on velocity distribution and pressure losses is so sig-

nificant that dedicated numerical and experimental models are 

required to design engines capable of delivering thrust in the or-

der of milli-Newtons [85]. 

Small power turbines can also be found in various means of 

transport. Rolls-Royce manufactures turbines that have been 

used to power many small aircraft and helicopters for many 

years, such as the Bell helicopter. This turbine produces a power 

output of 533 kW. More than 29 000 units of this turbine have 

been installed since production began [86]. 

An older model of the Rolls-Royce 250 turbine was used to 

power Marine Turbine Technologies (MTT) motorbikes. In-

stalling such a turbine allowed a top speed of around 400 km/h 

and acceleration from 0 to 320 km/h in around 15 seconds. The 

turbine produces 286 hp (213.4 kW) at 52 000 rpm [87].  

Capstone, a company known primarily for its turbines for 

distributed heat and power generation, was awarded the contract 

in early April 2008 to manufacture 150 C30 turbines to power 

buses. The lightweight and robust buses, made mainly of alu-

minium, will be driven using the energy contained in the batter-

ies; the turbine will only be used to recharge the batteries [88]. 

Volvo Aero, in turn, also developed a series of microturbines 

for use in cars, trucks and buses. Between 1988 and 1987, it de-

veloped a twin-shaft ceramic microturbine for cars of the  

KTT MK II/GT110 type with a power output of 115 kW. Later, 

it produced the new VT40 single-shaft microturbines for cars 

and the VT100 microturbines for trucks and buses [89]. 

Jaguar unveiled a prototype of the new Jaguar C-x75 car at 

the 2010 Paris Motor Show. It is a design that combines gas tur-

bine engine technology with modern electric drive to create 

a hybrid car. The car has two gas microturbines with 97 hp 

(72.4 kW) each. These are used to drive the generators that 

charge the battery bank, which drives four electric motors with 

a total output of 800 hp (596.8 KW). The car is able to achieve 

acceleration in less than 14 s to 300 km/h. The range of this car 

on a full battery is 90 km, and with turbocharging 900 km can 

be driven on a full tank. The use of virtually any liquid fuel, 

gaseous fuel, biofuel, hydrogen, etc. opens a wide door to a new 

trend in motoring. The Jaguar C-X75 promised to be great, but 

never went into production [90]. 

Turbine drive of rotary tools is a relatively recent develop-

ment and not widely used. In industry, microturbines can be 

found with powers from 1 to 5 kW, for driving precision tools. 

They are used as power sources in high-speed grinding spindles, 

drills, in measuring, control and research apparatus (gyroscopes, 

mirrors and rotating prisms of laser optical systems, high-speed 

camera drives, etc.), as expansion turbines in air-conditioning 

and refrigeration systems and as medical tools (dental and sur-

gical drills). These microturbines operate at relatively low 

power and high frequencies, so their development has undoubt-

edly been influenced by the fact that they have mastered the 

problems of gas bearing to achieve very high frequencies (up to 

30 000 Hz and even more). These microturbines are usually 

powered by compressed air with a pressure of 0.4 to 0.8 MPa 

and a temperature of about 20C, drawn from [64]. 

Medical drills, especially dental drills, were introduced into 

practice because of the discomfort experienced by patients when 

preparing hard dental tissue with low-speed drills. The first com-

pressed-air-driven turbine had rolling bearings. Since the mid-

1960s, air-bearing drills with a maximum speed of approxi-

mately 500 000 rpm have been introduced. These drills are 

much quieter, and the drill bit is not stimulated to vibrate by the 

bearing balls. They also do not require oil lubrication and are 

very durable. Due to these advantages, numerous companies 

have started to introduce air bearing in the dental drills they 

manufacture [91,92]. 

Nowadays, many companies offer, for example, micro tur-

bine tools for precision engraving work based on dental-type 

turbine cartridges. They offer a low power output of 30–60 W at 

speeds of up to 400 000 rpm. Thanks to this high speed, the 

“floating” effect of the cutter tip (torque effect) is minimised 

[93,94]. 

Turbine grinders and polishers are another example of the 

use of microturbines. A turbine grinder offers double the power 

compared to motorised angle grinders. They are about half the 

size and weight of motorised tools, offering comparable power. 

The turbine motor is more efficient than a conventional grinder 

motor. As a result, it takes less time to do the same amount of 

work. The overall air consumption is also lower during a specific 

task. The GTG21 turbine grinder reaches a maximum speed of 

12 000 rpm with a power output of 2.1 kW and an air consump-

tion of 30 l/s. The GTG40 turbine grinder, on the other hand, 

reaches a maximum speed of 8 500 rpm at 4.5 kW and air con-

sumption of 60 l/s. The turbine motor used in these grinders does 

not need oil in the air for lubrication [95]. 

Another example of a turbine-driven machine (single-stage 

axial turbine) with special gas bearings for up to 100 000 rpm 

and a cutting capacity of up to 100 kW is the TurboTool™ cut-

ting tool [96]. 

Another way in which microturbines are used are air motors 

with outputs ranging from 0,1 kW to 35 kW. They have found 

wide use in industry as a powerful and trouble-free drive motor. 

They are smoothly controllable over a very wide speed range 

and provide high starting torque. They can operate at pressures 

from 2 to 7 bar. The speed of such a motor varies between  

2 500 and 7 600 revolutions per minute [97]. 

A typical microturbine consists of a shaft, on which a gener-

ator, a compressor and a turbine are mounted. The turbine shaft 

rotates at 50 000–100 000 rpm, which corresponds to electrical 

frequencies ~833–1667 Hz. This power has to be rectified and 

re-inverted to electrical energy at 50/60 Hz for interfacing with 

https://en.wikipedia.org/wiki/Marine_Turbine_Technologies
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grid power. Rectifiers and inverters are usually very energy ef-

ficient but are highly nonlinear, which can negatively affect the 

system [98‒101]. 

The microturbine control system represents a key problem 

for stable operation at different working conditions, ensuring 

a flexible usage of the machine. The experience gained in large-

size turbine control systems can also be profitably exploited in 

the microturbine field, but the time scales of the phenomena are 

extremely reduced due to the small mechanical inertia of the 

shafts, which makes microturbines difficult systems to control 

[102]. 

Another important development area involves the integra-

tion of microturbines with microgrids and hybrid systems. This 

requires advanced solutions for protection, synchronisation, and 

control, including adaptive algorithms and diagnostic systems 

supported by artificial intelligence [103]. In parallel, intensive 

research is being carried out on the utilisation of alternative 

fuels, with hydrogen emerging as a particularly promising clean 

energy carrier for cogeneration and trigeneration systems [104]. 

These advancements highlight the potential of gas microturbines 

as a flexible and low-emission technology supporting the transi-

tion towards decentralised and sustainable energy systems of the 

future. 

During the last years, we have observed an increasing inter-

est in small nuclear power stations in different countries around 

the world [105]. It concerns the construction of so-called minire-

actors (or microreaktors), which are foreseen for energy supply-

ing for houses or military uses. An example is a 200 kW micro-

reactor built in Japan by Japan Atomic Energy Research Insti-

tute, which is cooled with liquid sodium. The most interesting 

thing is that the fuel should be changed every 10 years [106]. 

The literature analysis of micro gas turbines carried out in 

this chapter showed that there has been a tremendous develop-

ment of this technology in the last two decades, and a large va-

riety of proposed designs have emerged. This is due to the very 

different applications of this type of device. Designers' ap-

proaches are focused on improving efficiency, durability, relia-

bility and, of course, low price. The next chapter presents a com-

pletely different type of microturbine design solution, namely 

the adhesion microturbine pioneered by the eminent inventor 

Nikola Tesla. Devices of this type have been classified in a sep-

arate chapter because they can operate as steam microturbines, 

including those for organic refrigerant vapours, and as gas mi-

croturbines. 

5. Tesla microturbines 

The first adhesion turbine, also known as the Tesla turbine, was 

designed, built and patented [107] by prominent inventor Nikola 

Tesla in 1913 (Fig. 14). It was an innovative type of bladeless 

turbine that operated on a completely different principle to tra-

ditional blade turbines.  

The operating principle of this type of turbine is based on the 

phenomena of adhesion and friction, which primarily occur 

within the boundary layer of fluid between two closely spaced 

rotating discs. The fluid moves in a spiral pattern through the 

narrow gap between the discs, travelling from the outer diameter 

towards the inner diameter. As it flows, the fluid transfers a por-

tion of its kinetic energy to the discs, causing them to rotate. The 

turbine is powered by one or more inlet nozzles positioned at the 

outer edge of the discs, directing the working fluid into the gap. 

The fluid then exits through openings located near the central 

shaft of the turbine. The distance between the turbine discs is 

typically very small and is determined by the thickness of the 

boundary layer.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tests conducted by Tesla on real adhesive turbines demon-

strated that, as the diameter of the discs increased (and with it 

the power output, reaching up to 150 kW), structural damage 

could occur due to material deformation. It is important to note 

that during the time these experiments were performed, the tech-

nology for manufacturing and processing materials capable of 

withstanding high temperatures and high rotational speeds was 

limited. Despite the promise of his innovative approach, these 

material constraints hindered further progress. Tesla's financial 

situation had deteriorated significantly, and without sufficient 

resources, he was unable to continue developing and refining the 

turbine. Ultimately, the combination of material limitations and 

the absence of financial backing forced Tesla to abandon the 

project [108,109]. Although he had successfully patented the de-

sign and demonstrated its potential in laboratory tests, the adhe-

sive turbine never reached commercial viability in Tesla's life-

time. Nevertheless, his work laid the foundation for future re-

search into bladeless turbines and remains a source of inspira-

tion for engineers and scientists exploring alternative methods 

of fluid dynamics and energy conversion. 

For many years, Tesla’s innovative turbine design was 

largely overlooked, as the scientific community and industry fa-

voured more conventional technologies like traditional bladed 

turbines and reciprocating engines. However, by the mid-20th 

century, there was a renewed interest in alternative turbine de-

signs as researchers sought more efficient and simpler mechan-

ical solutions for energy conversion. It was not until the 1950s 

that scientists began to revisit Tesla’s ideas, recognising the po-

tential advantages of his bladeless turbine concept, particularly 

its simplified construction and reduced number of moving parts. 

One of the pioneers in this research was Armstrong, who in 1952 

built his own turbine model. The device was steam-powered and 

 

Fig. 14. A view of the Tesla turbine. 
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based on the Rankine cycle. Armstrong introduced an innova-

tion by using discs of varying thickness, which increased the ro-

tor's strength and reduced fluid turbulence. Thanks to these mod-

ifications, an efficiency of a few per cent was achieved at speeds 

between 4 000 and 6 000 revolutions per minute [110]. 

In 1965, Warren Rice, building on Tesla's design, con-

structed six models that he tested using air as the working fluid. 

The efficiencies he achieved ranged from 36% to 41%. Using 

the research results and mathematical analysis, he developed 

a design relationship between the disc radius and the spacing be-

tween them, which allowed the turbines to achieve maximum 

efficiency at different flow rates. In his conclusions, he noted 

that Tesla's turbine could be suitable for low-power applications, 

particularly in situations where low production costs are crucial 

or where the properties of the working fluid make the use of 

conventional turbines impractical [111]. 

In 1966, Beans developed a turbine powered by compressed 

air. He tested his system for various values of angular velocity, 

inlet pressure and disc spacing, obtaining efficiencies ranging 

from 7% to 25% [112]. Although the efficiency values were sig-

nificantly lower compared to those achieved by Warren Rice, 

Beans' work provided valuable information on the effects of var-

ious operating parameters on turbine performance. By varying 

the angular velocity, Beans was able to determine the optimum 

operating speeds for different configurations, highlighting the 

importance of precise speed control to increase efficiency 

[113,114]. 

The reported experimental efficiency of Tesla microturbines 

in the literature varies considerably, for example: 

 32% efficiency for a turbine with a power output of approx-

imately 3 kW and a rotor speed of 15 000 rpm [115], 

 23% efficiency for a turbine with a power output of approx-

imately 1.5 kW and a rotor speed of 12 000 rpm [116], 

 21% efficiency for a turbine with a power output of approx-

imately 50 W and a rotor speed of 1 000 rpm [33], 

 49% efficiency for a turbine with a power output of approx-

imately 1.56 kW and a rotor speed of 12 000 rpm [112]. 

For example, the numerical calculations resulted in an effi-

ciency of about 50% obtained for an 11-stage turbine with an 

output power of about 2 kW at a rotor speed of 18 000 rpm 

[117]. 

Tesla's turbine continues to attract significant interest, as ev-

idenced by numerous publications analysing the turbine both 

theoretically and practically. As demonstrated by the work of 

Thomazoni et al. [118], the number of publications related to 

Tesla's turbine has increased significantly in the 21st century. Of 

these, approximately 36% are analytical studies, 31% are anal-

yses using CFD, 31% are experimental studies, and the remain-

ing 2% are review papers. For example, in the works of Guha 

and Smiley [119] and Sengupta and Guha [120], similar to 

Beans, Tesla's turbine was tested by varying selected design pa-

rameters. The best configuration solution generated 140 W with 

an efficiency of about 25%. Modifications to the inlet nozzles 

were also investigated, which reduced pressure losses and im-

proved efficiency by about 1 percentage point. 

In 2015, Krishnan [121], in his qualification work, presented 

a series of guidelines for the design and construction of Tesla 

microturbines. The work contains a wealth of valuable data, 

analyses, and results of experimental studies related to Tesla's 

turbine and its potential applications. For example, the author 

determined the minimum radius-to-disc spacing ratio as 20.  

Theoretical works employing CFD consider various aspects 

of designing Tesla-type turbine devices [122]. The efficiency of 

a Tesla turbine is influenced by both the working fluid parame-

ters (pressure, temperature, inlet velocity) and its kinematics at 

the inlet and outlet, as well as geometric parameters (distance 

between rotor discs, diameter, thickness, and number of discs, 

roughness and micro-topography of their surfaces), rotor rota-

tional speed, and mass flow rate. In the case of mass flow rate, 

there is a direct influence, namely, the greater the flow, the 

greater the output power [123]. Similarly, for the initial pressure, 

analyses have shown that an increase in pressure before the tur-

bine increases efficiency [124]. For example, an increase in 

pressure by about 1 bar results in an increase in efficiency of 

about 5% [118].  

Regarding the influence of temperature on the efficiency and 

power of a Tesla turbine, researchers' findings are divided. Pub-

lication [125] states that both power and efficiency increase with 

increasing inlet temperature, while publication [126] demon-

strates the ambiguity of the influence of increasing temperature 

on output power. As in other works, including this one, there are 

no clear statements regarding the effect of the number and shape 

of inlet nozzles on turbine efficiency and power, and research in 

this area is still being developed [127]. 

In most published cases, the rotational speeds of Tesla tur-

bine rotors are lower than those of bladed turbines [118]. Anal-

yses can be found that define the output power and efficiency of 

a Tesla turbine as a non-linear function of rotational speed, ap-

proximately a second-order polynomial, for a fixed geometry 

and inlet conditions [128]. 

The outer diameter of the rotor affects both efficiency and 

output power. Most studies indicate an increase in turbine output 

power with an increase in the outer diameter of the rotor. Ac-

cording to some authors, there is an optimal value of the ratio of 

the outer to inner diameter of the rotor that maximises efficiency 

[129]. 

In the case of discs in a Tesla turbine, there is also no con-

sensus among authors. Some argue that there is an optimal num-

ber of discs and their thickness that gives the maximum effi-

ciency [130]. Other authors show that the fewer discs, the higher 

the efficiency [129], while still others argue that efficiency in-

creases with the number of discs [131]. 

It is quite common to believe that bladed turbines are unri-

valled compared to Tesla-type turbines in the range of higher 

powers, but at very low powers, one can expect a certain ad-

vantage of bladeless adhesive turbines [132].  

For example, an analytical model incorporating wall rough-

ness through the equivalent sand grain approach was proposed 

by Rusin et al. [133]. The model modifies dynamic viscosity in 

the governing equations, allowing the impact of roughness on 

velocity profiles and turbine efficiency to be assessed. Their re-

sults indicate that a surface roughness height of 10−5 m can no-

ticeably improve both power output and isentropic efficiency. 
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In a complementary approach, Pahlavanzadeh et al. [134] in-

troduced a porous layer model (PLM) for directly simulating 

roughness effects in the gap between rotating disks. This method 

eliminates the need for equivalent sand grain parameters and 

was validated against experimental data from minichannel 

flows. The study demonstrated that increasing surface roughness 

enhances the interaction between the working fluid and the ro-

tor, thereby influencing overall turbine efficiency. 

Similarly, there is no clear consensus on the influence of the 

number and shape of inlet nozzles on turbine performance. Re-

search in this area is still ongoing [135]. 

Also worth noting is the growing interest in integrating Tesla 

turbines with low-temperature heat recovery technologies. A re-

cent study by Teng et al. [136] presents a comprehensive exper-

imental investigation of a Tesla microturbine integrated into an 

ORC system for low-grade heat recovery (90−130°C). The au-

thors developed a prototype that achieved a maximum output 

power of 31.76 W and an isentropic efficiency of up to 62.28%, 

examining the effects of parameters such as heat source temper-

ature, pump speed, and electrical load on system performance. 

The results highlight the potential of Tesla turbines as efficient 

and compact solutions for small-scale distributed energy sys-

tems and industrial waste heat recovery. 

The concept of turbomachinery miniaturisation typically re-

fers to the design of devices with reduced power output, in-

tended to meet the demands of distributed, portable, or mi-

croscale systems. These scaled-down machines are used in ap-

plications such as portable electronics, IoT sensors, or microen-

ergy systems. Energy micro-generators rely on piezoelectric, 

electromagnetic, electrostatic, or triboelectric transduction prin-

ciples, effectively harvesting energy from low-frequency vibra-

tions or human motion. Their power output is inherently limited 

and tailored to match their miniature form factor [138]. 

Huynh et al. [137] introduce a pioneering hybrid energy-har-

vesting system that combines a triboelectric nanogenerator 

(TENG) and an electromagnetic generator (EMG), both driven 

by a Tesla turbine. The optimised system achieves peak outputs 

of 312.5 V / 82 mA (TENG) and 4.2 V / 3.3 mA (EMG), with 

the hybrid configuration delivering 332 V / 3.5 mA. As demon-

strated in the study, the device shows strong potential for use in 

wearable and low-power portable applications for biomechani-

cal energy harvesting, as illustrated by practical demonstrations 

such as LED illumination and wireless sensor operation. 

The miniaturisation of energy-conversion turbomachinery 

remains a significant challenge due to the nonlinear scaling of 

aerodynamic and mechanical phenomena. When reducing the 

physical size of rotating machines such as Tesla turbines, micro 

gas turbines, or centrifugal compressors, researchers must ad-

dress issues including increased viscous effect and reduced flow 

uniformity. It is well documented that aerodynamic efficiency 

decreases at low Reynolds numbers due to boundary layer thick-

ening and the dominant influence of viscosity [139]. 

Based on a literature review and the authors' own experience, 

a Tesla microturbine was built within a single enclosed hermetic 

housing (Fig. 15). The concept is based on a novel solution in 

which the magnets are placed in the rotating disc of the Tesla 

turbine. The stationary housing, on the other hand, houses the 

poles where the electric current is induced. The diameter of the 

disc is 140 mm, the clearance between the moving and station-

ary disc is approximately 1 mm, and the inlet nozzle is set at an 

angle of 12° [140,141].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The conducted literature analysis has shown that despite the 

passage of over 100 years since Tesla's invention, work on its 

development is still ongoing and is certainly not complete. The 

next supplementary chapter presents examples of steam and gas 

microturbines made using MEMS technology. 

6. Microturbines in MEMS technology 

Micro-Electro-Mechanical Systems (MEMS) are miniatur-

ised devices that integrate mechanical and electrical components 

on a single chip. These systems are fabricated using techniques 

derived from semiconductor manufacturing, such as photoli-

thography, etching and deposition processes. This technology 

makes it possible to create devices that typically range in size 

from a few micrometres to a few millimetres. MEMS devices 

are extremely small, enabling the creation of compact systems 

with high functionality. They combine mechanical, electrical, 

thermal and sometimes optical components into a single system. 

MEMS devices are designed with nanometre precision and offer 

exceptional performance in precision applications [142]. 

Examples of steam microturbines made with MEMS tech-

nology are encountered in the literature [143,144]. More on 

MEMS can be found in publications [145147], among others. 

An example of a steam microturbine, implementing the Rankine 

circuit, made with MEMS technology is presented in Fig. 16.  

a)  

b)    

Fig. 15. An overview drawing of the Tesla micro-turbine-generator  

concept (a); view of the complete disc turbogenerator (b). 
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The microturbine unit drives a micropump and a power gen-

erator and produces electricity with an efficiency of approxi-

mately 11%. The basic parameters of the microturbine unit are: 

steam pressures (inlet/outlet): 0,6/0,18 MPa, steam temperatures 

(inlet/outlet): 400/316°C, turbine diameters (inlet/outlet): 

360/760 mm, blade height: 20−50 mm, steam mass flow rate:  

24 mg/s, rotational speed: ~1 000 000 rpm, and the electrical 

power achieved 5 W. 

MEMS technology has been effectively applied to micro gas 

turbines, resulting in the development of devices with dimen-

sions measured in millimetres, power outputs ranging from  

10 to 500 W, and compression ratios between 2:1 and 4:1. These 

microturbines have been developed alongside semiconductor 

technology and require exceptional precision during their man-

ufacturing. Their power concentration factor of 33 kWh/kg is 

more than 20 times higher than that of lithium batteries, which 

have a density of 1.4 kWh/kg [148]. Microturbines represent 

a notable application of MEMS technology [149]. One specific 

example of a gas microturbine built using MEMS technology is 

the wafer genset, illustrated in Fig. 17.  

 

 

 

 

 

 

 

 

 

 

 

This device features a compressor with a diameter of 4 mm 

and a microturbine with a diameter of 21 mm, while the blade 

length measures 200 μm. The compressor achieves a tip velocity 

of 500 meters per second at a rotational speed of 1 million rev-

olutions per minute, with an airflow rate of 0,3 milligrams per 

second. The blade angle, denoted as α₁, varies between 15o and 

20o. The temperature after the combustion chamber reaches 

1600 K, and the power density of the combustor chamber is  

3 GW/m³, significantly surpassing the typical value of approxi-

mately 2 GW/m³ for classical turbines. The radial clearance is 

around 2 μm, and the cost ranges from 1 000 to 5 000 USD per 

kilowatt [150]. These parameters underline the remarkable ca-

pabilities and efficiency of MEMS-based micro gas turbines. 

The economic impact of these devices will be dependent on 

the performance levels and the manufacturing costs, both of 

which have yet to be proven. It is certainly possible, however, 

that MEMS gas turbines may one day be competitive with con-

ventional machines in a cost per installed kilowatt. Even at much 

higher costs, they will be very useful as compact power sources 

for portable electronics, equipment, and small vehicles [148]. 

Figure 18 presents the concept of MEMS gas microturbine en-

gine packaged as a standard military battery. The other ad-

vantages of miniaturisation is shortening the time needed for ac-

quiring the information on system behaviour, as well as decreas-

ing the amount of required materials and energy for the manu-

facturing process.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Work on this type of device is also being developed, and it 

seems that in the future it could be used as an autonomous en-

ergy source for electronic equipment or small vehicles.  

7. Summary  

Modern power generation is increasingly focused on moving 

away from centralised power generation towards distributed 

systems. Microturbines, whether steam, gas or ORC, are the an-

swer to the growing demand for local, flexible and renewable 

energy sources. They are a key component of prosumer micro-

installations, cogeneration systems and small-scale energy net-

works (microgrids). Microturbines are extremely diverse in de-

sign, power range and application. They can be: 

 steam turbines ranging from a dozen watts to hundreds of 

kilowatts, 

 gas-fired microturbines with or without heat recovery, 

 turbines in ORC systems to recover waste heat, 

 Tesla bladeless turbines, simplified in design, 

 MEMS turbines, which function as miniature energy 

sources, e.g. for portable electronics. 

This differentiation allows the solution to be tailored to the 

specific application, from powering a laptop to recovering heat 

from a cement plant to driving a turbocharger or micro-genera-

tor.  

These devices allow energy to be produced close to the point 

of consumption, minimising transmission losses and increasing 

supply reliability. Steam and gas microturbine design issues be-

gan to develop at the beginning of this century. Technological 

solutions, although using well-established knowledge of high-

 

Fig. 16. Cross-section of a steam microturbine power plant on a chip. 

 

Fig. 17. General view of a wafer microturbine. 

 

Fig. 18. Concept of MEMS gas microturbine engine packaged  

as a standard military battery. 
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power turbines, are at an early stage of development. This re-

quires the integration of knowledge from a number of disci-

plines, such as: 

 thermodynamics (optimisation of thermal cycles), 

 fluid mechanics (design of flow systems), 

 strength of materials (use of ceramics, aluminium alloys, 

composites), 

 mechatronics and electronics (control systems, energy con-

version and storage), 

 microengineering (manufacture of MEMS turbines). 

The advances concern not only the turbine itself, but entire 

energy systems including generators, heat exchangers, bearings, 

gearboxes and cooling systems. Microturbines are part of the 

green energy transition because they can be: 

 powered by biomass, biogas, hydrogen, alcohol, synthesis 

gas, 

 used for waste heat recovery (in ORC, cogeneration, trigen-

eration), 

 coupled to fuel cells or solar collectors, 

 used in zero-emission projects (e.g. hydrogen-oxygen com-

bustion). 

They are thus part of the drive to decarbonise energy and 

improve energy efficiency in various sectors of the economy. 

Despite tremendous progress, microturbine development 

still faces a number of technical barriers, including: 

 difficulties in miniaturisation and high temperature re-

sistant materials, 

 dynamic stability problems at very high speeds (up to  

1 million rpm in MEMS), 

 challenges in lubrication and cooling (e.g. oil-free bear-

ings), 

 complications in designing very efficient, small heat ex-

changers, 

 the need for precision control systems and power electron-

ics (e.g. for high-frequency generators). 

Key research directions in the coming years will be: 

 increasing efficiency to > 40%, 

 lowering the investment cost below 500 USD/kW, 

 development of multi-fuel and zero-emission drives, 

 integrated hybrid systems (e.g. microturbine + photovolta-

ics (PV) + energy storage), 

 implementation of advanced materials (ceramics, superal-

loys). 

Microturbines are increasingly used in means of transport 

(cars, motorbikes, buses, drones, aircraft) as: 

 power sources, 

 energy recovery systems (e.g. turbochargers), 

 direct drives (in hybrids or research models). 

In industry, they are used for: 

 powering high-speed instruments (e.g. dental turbines), 

 powering mobile diagnostic equipment, 

 air conditioning and refrigeration (e.g. in aviation). 

This shows that microturbines not only produce energy but 

also increase the efficiency of other technical systems. 

The review of existing steam and gas microturbine designs 

carried out in this article does not provide clear answers as to 

what direction their development will take. According to the au-

thors, the observed trends in the development of these devices 

allow the conclusion that they will move towards the construc-

tion of more efficient, reliable, and sustainable microturbines, 

both steam and gas. Analyses have also shown that there is now 

also a very strong emphasis on emissions, so the development 

of these devices will also move towards the use of low- or zero-

emission fuels, such as hydrogen. 
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