Thermodynamic analysis and adaptation of hybrid Flash/ORC power plants WHRS to the conditions of industrial enterprises in Ukraine. PART A
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Abstract. The design and efficiency of ORC (Organic Rankine Cycle) systems are heavily influenced by the characteristics of the working fluids, making their selection a critical factor. The properties of these fluids significantly affect the overall system performance. Additionally, at elevated heat source temperatures, the use of organic working fluids is constrained by their thermal stability limits. To address these challenges, thermal circuits for combined power plants in waste heat recovery systems (WHRS) are being developed. This paper presents numerical study results analyzing the parameters of a thermal circuit in a hybrid recovery plant operating within a thermal waste temperature range of 280–300°C. Configurations involving a steam turbine and two turbines utilizing organic working fluids were investigated. Key evaluation criteria included: thermal efficiency of the Flash and ORC cycles, net power output, actual internal turbine efficiency, as well as the gas-dynamic and design parameters of the turbines. A configuration featuring a steam turbine and one turbine with R600a as the working fluid was developed. The findings indicate that with a steam turbine efficiency of 0.80 and an organic turbine efficiency of 0.85, the total estimated electrical power output reaches 349.3 kW, achieving an energy complex efficiency of 0.20. Additionally, a mathematical model of the heat recovery system was integrated with a hydrodynamic model to analyze the characteristics of the turbine flow path.
Keywords: Thermodynamic analysis; Hybrid Flash/ORC power plants; Waste heat recovery systems; Industrial enterprises; Energy efficiency; Power plant adaptation; Ukraine; Heat-to-power conversion; Process integration; Sustainable energy systems.
INTRODUCTION
The application of modern steam turbine technologies in WHRS contributes to the enhancement of thermodynamic performance in technological processes.
[bookmark: _GoBack]The selection of ORC technologies is primarily influenced by the low temperatures of heat sources. The use of non-aqueous working fluids for energy conversion in power plants, along with the specific requirements for these fluids, is discussed in [1]. Early investigations into alternatives to water vapor as working fluids were conducted in the [2]. Further analysis of working processes, modelling, optimization of unit characteristics, as well as the evaluation of test data and operational performance of power plants utilizing organic working fluids, can be found in [3].
Monographs [4], [5], [6], [7], along with numerous modern publications, detail the results of thermodynamic analyses of various technological configurations of power plants, the selection of promising working fluids, and the performance of commercial systems.
The Organic Rankine Cycle (ORC) technology provides an efficient method for converting heat into electricity. Its primary applications include distributed electricity generation from renewable energy sources (such as geothermal, biomass, and solar) and improving industrial energy efficiency through heat recovery from industrial processes.
Current Status:
Total installed capacity: 2,749.2 MW from 563 power plants.
Planned new capacity: 523.7 MW from 78 plants.
Geothermal power plants account for 76.8% of the global ORC installed capacity, followed by biomass at 10.7%. Heat recovery from gas turbines (e.g., compressor stations along pipelines) and stationary diesel power plants collectively account for 8.8%. Other heat recovery applications constitute 4.2%, while solar thermodynamic applications remain negligible [8].
As of the end of 2020, the total installed capacity of ORC systems reached 4.5 GW. Since 2017, the global ORC market has grown significantly, with a 40% increase in installed capacity (+1.18 GW) and a 46.5% rise in the number of installed plants (+859). 
Between 2017 and 2020, geothermal applications accounted for the largest increase in installed capacity, adding 973 MW (+46%) and 75 new plants. In contrast, waste heat systems experienced the most significant growth in terms of the number of installations, with 630 new plants (+208%) and an additional 125 MW of capacity. Biomass ORC systems also grew, with a 20% increase in installed capacity (68 MW) and a 23% rise in the number of plants (78 plants) [9].
Currently, renewable energy sources (RES) are being increasingly adopted, with geothermal energy playing the leading role in electricity generation [10]. ORC technologies have been implemented in various power plants, but their use is restricted by the steam temperature limits of organic working fluids (OWF), which typically range between 200–220°C. At higher geothermal fluid temperatures, working fluids like butane, pentane, and hexane are viable options [11]. However, these fluids pose significant fire and explosion risks.
Ongoing research focuses on developing optimal technological schemes for geothermal power plants that can utilize industrial steam turbines alongside OWF-based systems. Combined technological schemes are particularly effective in metallurgical and cement plants [12].
In Poland, the Polish Geological Institute – National Research Institute has identified several locations suitable for geothermal heat plant construction [13]. The country’s geothermal conditions highlight the potential for using ORC technology in hybrid geothermal power plants to optimize energy production. [14 - 15]
Geothermal power plants are categorized into two groups: steam-based and binary power cycles. Dual flash steam plants are often preferred over single flash systems, depending on resource conditions, as the inclusion of two separators allows for a two-stage steam turbine. Dual flash systems can generate up to 25% more power compared to single flash systems.
A geothermal binary power plant in Poland with a capacity of 1.79 MW is described in [10]. It features a two-stage axial turbine using isobutane as the working fluid, operating at a rotational speed of 3,000 rpm. The brine flow rate is 400 m³/h, with isobutane steam entering the turbine at 120°C and exiting at 82°C. The plant achieves an efficiency of 15.2%.
Poland’s experience in geothermal energy development can serve as a valuable example for the restoration of industrial enterprises in Ukraine.
In Ukraine, a 4 MW radial-axial turbine using pentane as the working fluid has been successfully manufactured [15], [16], [17]. The potential for low-power steam turbine plants (0.2–2.0 MW) in Ukraine's industrial and municipal sectors is significant, supported by the presence of approximately 3,500 boilers across the country [18]. In municipal boiler houses alone, there is the capacity to install 1,200 steam turbine units, each with 1 MW capacity. Furthermore, Ukraine’s industrial sector includes 1,500 boilers with steam capacities ranging from 6.5 t/h to 25 t/h; retrofitting these systems could allow for the installation of 600–700 turbine units.
By 2030, during the revival of enterprises in the post-war period, the projected market for small steam turbine units (0.75–1.5 MW) is estimated to reach 2,100–2,200 units [19], [20].
As a result, ongoing research is focused on identifying efficient working fluids that meet key requirements: affordability, economic viability, safety (non-toxic and non-flammable), and environmental friendliness (compliance with ODP standards).
The study presented in [21] explores heat recovery processes in industrial settings using medium-temperature renewable energy sources in organic cycles with working fluids such as water, R600, R600a, toluene, R113, and R245fa. Among these, R245fa is highlighted for its advantages as a safe fluid—non-flammable, non-toxic, ozone-friendly (zero ozone depletion potential)—with a high molecular weight (134.049 g/mol) and a critical temperature of 157.6°C, among other beneficial properties. The study examines the effects of turbine inlet steam temperature (up to 300°C), working fluid flow rate, and turbine inlet steam pressure (up to 30 bar).
An analysis of the impact of working fluid properties on cycle performance is detailed in [22], where 35 working fluids are evaluated. The study investigates the effects of heat capacity, density, latent heat, and the benefits of superheating on overall cycle efficiency.
In [23], the results of modeling the ORC cycle for a PTVM-100 hot water boiler operating in a gas temperature range of 130–180°C are presented. The study uses a working fluid mixture of iC4H10/R141b under supercritical parameters, with additional research exploring other working fluids such as technical oil, R600a, and R245fa.
Heat recovery systems for high-temperature flue gases have been studied in [24], using working fluids like pentane, hexane, and a heptane-water mixture. The generated power for a single-stage recovery plant is 139 kW/(kg/s), while a two-stage plant produces approximately 150 kW/(kg/s). [25] examines the results of an evaporative cooling system for electricity generation. Steam from six blast furnaces at Ukraine’s Azovstal plant is routed into a power freon circuit. The steam parameters are a temperature of 120°C, pressure ranging from 0.02 to 0.15 atm, and a flow rate of 25 t/h. The system powers a generator with a 6 MW capacity, covering 60% of the plant's internal electricity needs.
Finally, [26] recommends using a diphenyl-diphenyl oxide mixture as the working fluid for systems operating at a temperature of 400°C.
A study in [27] examines more than 20 working fluids for solar ORC power plants. It is demonstrated that for solar power plant operating conditions, working fluids such as R134a, R152a, R600, R600a, and R290 are suitable, though they require precautions to mitigate ignition risks.
In power and cogeneration plants with high-temperature heat sources, the thermal stability of the working fluid becomes a critical constraint. For heat sources exceeding 250°C, numerous publications suggest various working fluids and mixtures as potential options.
The properties of 25 working fluids suitable for temperatures ranging from 200°C to 500°C are detailed in [18]. Studies on fluids operating at 510°C and various ORC configurations—such as those without or with regeneration, and with direct or indirect heating—identify three promising working fluids for WHRS:
•	Toluene (tcr = 318°C),
•	DMC (Dimethyl Carbonate) (tcr = 283.8°C),
•	MM (Hexamethyldisiloxane) (tcr = 245°C).
Both calculated and experimental data for ORC parameters using different pure liquids and mixtures at heat source temperatures of 110°C to 145°C (e.g., R245fa, R123) are also provided. Additionally, results from experimental tests on a 3 kW micro-ORC installation are highlighted.
Experimental studies on a micro-ORC turbogenerator with a power output of 1 kW are presented. HFE-7100 is employed as the working fluid, with mass flow rates ranging from 30 g/s to 60 g/s and rotational speeds varying between 10,000 rpm and 75,000 rpm. The study determines the load currents of the micro-turbogenerator at given liquid flow rates.
It is further shown that the use of zeotropic mixtures in the evaporator and azeotropic mixtures in the condenser (e.g., R500/R12/R152) results in an increase in exergy efficiency from 7.1% to 14.5%, offering a notable advantage in performance.
A study of 25 pure working fluids and 104 binary mixtures in the temperature range of 125–300°C reveals a 10% increase in cycle efficiency when using mixtures compared to the best-performing pure fluids. At a heat source temperature of 140°C, the exergy efficiency of pure fluids is 10.5% lower than that of the propane/isobutene mixture. Similarly, at a heat source temperature of 290°C, the butane/isopentane mixture outperforms pure fluids by 3.1%.
The challenges associated with using mixtures in ORC systems are explored in [28]. It is shown that the maximum operating temperatures for certain fluids are as follows: n-pentane and cyclo-pentane are stable up to 300–350°C, while toluene remains stable up to 400°C. However, these fluids have limitations—toluene is toxic, alkane-based fluids are flammable, and siloxanes, while safer and more environmentally friendly, are better suited for high-temperature ORC applications. The study also highlights the idea that mixing organic fluids with water can significantly broaden the range of potential working fluids, offering safety advantages by reducing flammability and toxicity. Among the studied mixtures, the 2,2,2-trifluoroethanol mixture stands out as particularly promising.
Additionally, various geothermal power plant schemes are analyzed. In a simple Single Flash scheme, the saturated liquid from the separator is returned to the geothermal fluid reinjection line after the water vapor condenser. As a result, a portion of the geothermal energy remains unused for power generation
This Increasing fuel efficiency and improving the environmental indicators of ICEs in general, and gasoline engines in particular, are pressing issues in the near future when using them as a drive-in hybrid powertrain [1]. Improving economic and environmental ICE indicators is carried out mainly due to the enhancement of the work process [2], the use of alternative fuels [3, 4], engine systems and units. 
Research materials and methods of economic and ecological engine indicators
[bookmark: _heading=h.gjdgxs]The schematic diagram of the hybrid installation is illustrated in Fig. 1. The energy system, a Waste Heat Recovery System (WHRS), operates as follows:
Waste gases from a fuel-utilizing unit (e.g., boiler, industrial furnace, or internal combustion engine) flow into the heat recovery boiler, where heat is extracted from the gases and transferred to water. This process generates wet steam with varying dryness levels.
The steam then enters a separator, where it is divided into saturated steam and separated water. The saturated steam is directed to the steam turbine (ST) before passing through the evaporator (E) and the recuperator (PH). In these components, the steam transfers heat to the organic working fluid of the second circuit (a-b-c-d-e). The organic steam produced in this circuit is fed into the second circuit turbine (VT1).
Simultaneously, the water separated in the first circuit is sent to the evaporator (E) of the third circuit (u-v-w-x-y), where it heats another organic working fluid. The resulting organic steam in this circuit drives the third turbine (BT2).
As a result, the steam turbine (ST) and the turbines in the organic working fluid circuits (VT1 and VT2) collectively generate electric power.

[image: ]

FIGURE 1. Schematic diagram of a hybrid installation

Experimental studies of engine operating processes were carried out by load characteristics et 3,000 rpm on a test bench with a hydraulic brake designed by the Ukrainian company "Schenk". The bench is equipped with instruments and measuring equipment for determining the effective engine performance [8] in accordance with the requirements of ISO 3046-3: 2006. 
The use of the DIF system allows to put into practice the work processes with lean fuel-air charge (LFAC) 
(Fig. 1 a), stratified fuel-air charge (SFAC) (Fig. 1) and stratified lean fuel-air charge (SLFAC) (Fig. 1). 
Experimental methodology
The experimental methodology is based on a systematic combination of theoretical calculation procedures and empirical verification under industrially relevant conditions. The calculation method presented in [1] was taken as the fundamental basis for determining the thermodynamic parameters of the hybrid Flash/ORC power plant, including mass and energy balances, exergy flows, and cycle efficiencies. This approach allows for consistent modeling of both steady-state and transient operating modes, as well as the identification of critical boundary conditions affecting overall performance.
Experimental data and results
	Table 1. Parameters of water vapor and organic fluids in front of turbines in circuits

	Case
	P4/T4
	x
	kg·s-1
	Pa/Ta
	kg·s-1
	Pu/Tu
	kg·s-1

	1
	3,977/250
	0.156
	0.156
	1,148/100
	1.15
	2,700/160
	1.22

	2
	3,976/250
	0.22
	0.22
	1,148/100
	1.2
	2,700/174
	1.22

	3
	1,123/185
	0.156
	0.156
	1,148/100
	1.15
	2,700/94
	1.22

	4
	1,123/185
	0.35
	0.35
	1,148/100
	2.0
	2,700/90
	1.22

	5
	3,976/250
	0.157
	0.156
	2,700/106
	1.05
	2,700/145
	1.95

	6
	1,123/185
	0.156
	0.156
	2,700/106
	1.12
	2,700/145
	1.5

	7
	1,123/185
	0.22
	0.22
	2,700/106
	1.0
	2,700/145
	1.0

	8
	1,123/185
	0.35
	0.35
	1,148/100
	2.44
	2,700/108
	1.25

	9
	1,123/185
	0.35
	0.49
	1,148/100
	3.42
	2,700/108
	1.74

	10
	700/165
	0.157
	0.47
	2,700/106
	3.0
	2,700/145
	1.5

	11
	700/165
	0.22
	0.51
	2,700/106
	3.3
	2,700/145
	1.25

	12
	1,123/185
	0.55
	0.55
	1,148/100
	3.84
	2,700/108
	0.86

	13
	1,123/185
	0.40
	0.48
	1,148/100
	3.35
	2,700/109
	1.37

	14
	1,400/195
	0.5
	0.5
	1,148/100
	3.46
	2,700/109
	0.95

	15
	700/165
	0.23
	0.51
	2,700/106
	3.43
	2,700/140
	1.29

	16
	700/165
	0.25
	0.42
	2,700/87
	3.44
	1,148/109
	1.66

	17
	1,123/185
	0.55
	0.55
	2,800/100
	4.09
	1,000/85
	0.82

	18
	1,123/185
	0.55
	0.55
	5,000/104
	1.88
	5,000/125
	1.33

	19
	1,123/185
	0.55
	0.55
	2,000/100
	9.17
	2,000/114
	2.1

	20
	1,123/185
	0.55
	0.55
	1,250/100
	5.4
	1,100/94
	1.3

	21
	1,123/185
	0.55
	0.55
	2,000/100
	9.16
	2,000/100
	0.7



Further research is advised to investigate the use of advanced working fluids with lower global warming potential (GWP), ensuring compliance with future environmental regulations.
The system has the potential to serve as a cornerstone for guiding industrial enterprises toward carbon-neutral operations, especially when integrated with renewable energy sources such as solar thermal systems.
To promote the adoption of hybrid WHRS technologies, policymakers in Ukraine should evaluate the introduction of subsidies or tax incentives.
Another important direction involves assessing the long-term operational stability of hybrid waste heat recovery systems under fluctuating industrial loads. Industrial processes rarely operate at constant regimes, and the efficiency of waste heat utilization strongly depends on the adaptability of equipment to partial loads and dynamic thermal conditions. Research focused on smart control algorithms, adaptive regulation of working fluids, and predictive maintenance technologies could significantly enhance the reliability and lifespan of these systems.
In addition to the technological dimension, the integration of hybrid Waste Heat Recovery Systems (WHRS) into Ukraine’s industrial framework requires a careful examination of regulatory and policy support mechanisms. Incentives such as tax reliefs, preferential tariffs for recovered energy, or government-backed low-interest loans could stimulate faster adoption across energy-intensive sectors. Furthermore, the harmonization of national standards with European Union directives would not only streamline technology transfer but also enhance the competitiveness of Ukrainian enterprises in international markets. 
Equally crucial is the integration of hybrid WHRS into digitalized industrial networks. The deployment of sensors, real-time data collection, and optimization would enable continuous monitoring of system efficiency and facilitate early detection of anomalies. Such integration aligns with the broader concept of Industry 4.0, where interconnected systems not only optimize resource use but also reduce operational risks, thus creating a robust foundation for large-scale decarbonization strategies.
Attention should also be directed toward the economic modeling of WHRS adoption in Ukraine’s industrial landscape.
The subsequent calculation results for various system configurations are presented in Table 2.
	Table 2. Values of generated power in a hybrid power plant

	Case
	Parameters

	
	
	
	
	
	

	1
	68.8
	20.1
	61
	139
	0.159

	2
	98.5
	39.5
	646
	192
	0.12

	3
	43.6
	20.6
	43.6
	101
	0.137

	4
	100.7
	36
	42.3
	172
	0.166

	5
	68.8
	42.4
	117.8
	211.7
	0.179

	6
	43.6
	45.1
	69.4
	147.9
	0.171

	7
	61.4
	40.5
	60.9
	153.7
	0.195

	8
	100.7
	91.2
	50.3
	233
	0.175

	9
	140.8
	127.6
	70.4
	326
	0.175

	10
	100.5
	121.4
	91.3
	295
	0.175

	11
	108.5
	133.5
	76.1
	300
	0.177

	12
	159.2
	143.3
	34.7
	326
	0.188

	13
	138
	125
	55.6
	307
	0.179

	14
	158.7
	129
	42
	320
	0.143

	15
	112.9
	136.9
	7.,8
	308
	0.178

	16
	94.8
	120.2
	63.2
	263
	0.152

	17
	158.2
	159
	26.5
	328.8
	0.19

	18
	158.2
	73.6
	42
	228
	0.14

	19
	158.2
	151.2
	36.9
	326.7
	0.183

	20
	158.2
	169.5
	38
	357
	0.206

	21
	158.2
	170
	37.6
	349.3
	0.203



Note
  It is accepted that:
    steam turbine efficiency is 0.81;
    turbine efficiency with organic working fluid is 0.86;
    pump efficiency is 0.75, ambient temperature is 25ºC;
    the temperature difference between underrecovery and the pinch point is 5K.
In the cases studied, the following organic working fluids are used:
    in cases (1-4, 8, 9, 12-14) - in circuit (a-e) R600a/R141b, in circuit (u-y) R152a;
    in cases (5-7, 10, 11, 15-17) - in circuit (a-e) R152a, in circuit (u-y) R600a/R141b;
   in case 18 - in circuit (a-e) R32, in circuit (u-y) R134;
    in case 19 - in circuit (a-e) RC318, in circuit (u-y) RC318;
    in case 20 - in circuit (a-e) R245fa, in circuit (u-y) R245fa;
    in case 21 - in circuit (a-e) R600a, in circuit (u-y) R600a.
Analysis of the influence of the degree of vapor dryness (X) of a saturated fluid is studied in case 1 and case 2. When the steam temperature in front of the turbine decreases to 185 °C, the power generated by the steam turbine is WH2O=43.6 (X=0.156, case 3) and WH2O=100.7 kW (X=0.35, case 4). In this case, the power generated by organic turbines is WORC1=20.6 kW (X=0.156) and WORC2=43.6 kW. At X=0.35, the generated power is WORC1=36 kW and WORC2=42.3 kW. The total electrical power is equal to WΣ = 101 kW (case 3) and WΣ = 172 kW (case 4), respectively. The increase in power is achieved by increasing the flow of water vapor.
When replacing working fluids in circuits (a-e) and (u-y) at a steam temperature in front of the turbine of 250°C (case 5), the generated total power of the turbines is WΣ = 211.7 kW. When compared with (case 1), the total power increases by 1.5 times. The total power of organic turbines increases from 81.1 kW to 160.2 kW. As water vapor pressure and mass flow rates in organic circuits decrease, the power output decreases (case 6 and case 7). In case 8 and case 9 studied, the steam temperature in front of the turbine drops to 185°C, but the steam mass flow rate increases to 0.49 kg·s-1. The generated total power increases from 233 kW to 326 kW. In case 10 and case 11, when the steam pressure is reduced to 700 kPa and the dryness degree decreases up to 0.22, the generated power ranges from 215 kW to 300 kW. The power of organic turbines is 212.7 kW (case 10) and 210 kW (case 11).
In cases 12, 13 and 14, the parameters of the power plant are studied with increasing mass flow rates in the circuits and at steam temperatures of 185°C and 195°C. The generated power ranges from WΣ = 307 kW to WΣ = 326 kW.
In cases 15, 16, 17, the characteristics of the installation are studied at temperatures of 165°C and 185°C and increasing mass flow rates. The generated power ranges from WΣ = 308 kW to WΣ = 329 kW. 
Detailed results of calculating the thermal circuit (case 21) are given in table 3.
The parameters of the working fluids at the control points of the cycles are given in the Table 3.

	Table 3. The parameters of the working fluids at the control points of the cycles

	No
	P, kPa
	t, °С
	x
	s, kJ·kg-1 · °С
	h, kJ·kg-1
	m, kg·s-1

	1
	1,123
	36.66
	0
	0.5270
	-15,771
	1

	2
	1,123
	185
	0.55
	4.584
	-14,043
	1

	3
	1,123
	185
	0
	2.188
	-15,140
	0.45

	4
	1,123
	185
	1
	6.544
	-13,144
	0.55

	5
	140
	109.3
	0.9116
	6.732
	-13,432
	0.55

	6
	140
	109.3
	0.3743
	3.596
	-14,631
	0.55

	7
	140
	36.55
	0
	0.526
	-15,772
	0.55

	8
	1,123
	109.9
	0
	1.417
	-15,464
	0.45

	9
	1,123
	36.35
	0
	0.5228
	-15,772
	0.45

	10
	140
	36.55
	0
	0.5260
	-15,772
	1

	a
	2,000
	100
	1
	2.976
	-2,176
	3.165

	b
	400
	47.15
	1
	3.005
	-2,230
	3.165

	c
	400
	29.46
	0
	1.829
	-2,587
	3.165

	d
	2,000
	30.88
	0
	1.833
	-2,583
	3.165

	e
	2,000
	99.9
	0
	2.417
	-2,384
	3.165

	u
	2,000
	99.9
	1
	2.975
	-2,176
	0.7

	v
	400
	47
	1
	3.005
	-2,230
	0.7

	w
	400
	29.46
	0
	1.829
	-2,587
	0.7

	x
	2,000
	30.88
	0
	1.833
	-2,583
	0.7

	y
	2,000
	99.9
	0
	2.417
	-2,384
	0.7



The actual efficiency of the turbine equipment is lower, which must be taken into account when evaluating the energy efficiency of the thermal circuit.
Analysis of research results to determine the most effective work process
This section summarizes the analysis presented in the previous part, focusing on the identification of the most effective work process for hybrid Flash/ORC power plants under the conditions of industrial enterprises in Ukraine.
CONCLUSION
The research results indicate that hybrid power plants are effective at heat source temperatures ranging from 300°C to 500°C. Cost reductions in the installation process are achieved through the use of a technological scheme that combines a steam turbine and a turbine with R600a organic working fluid. Thermogasdynamic calculations for the turbine flow path allow for the determination of the design parameters and the actual efficiency of the turbines.
Analysis of existing approaches to the development of turbine flow parts has demonstrated that the type of flow part selected depends on the expansion rate and the consumption of working fluids. It should be noted that working fluid consumption significantly impacts efficiency. When the working fluid consumption is low, lower blade heights are achieved, which are not permissible under technological standards and are practically impossible to manufacture. At these low blade heights, the flow of the working fluid in the inter-crown gaps increases, leading to higher final losses and a reduction in the overall efficiency of the turbine’s flow path.
In this scenario, the working fluid consumption is limited by the amount of waste heat, resulting in the use of partial intake to the steam turbine’s impeller. The partial intake helps increase the blade height to a technologically feasible level, but reduces the steam turbine's efficiency to 65%. For the turbine using R-600a working fluid, the efficiency is higher, reaching 74%. It is concluded that the actual total electric power produced is 283 kW·kg-1·s-1, with an efficiency of 16.5%.
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