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Abstract- An exergy based analysis is carried out for waste heat recovery from a marine Diesel engine using various layouts of 

organic Rankine cycles (ORCs) for driving a vapor compression refrigeration cycle. The ORC layouts studied are a simple 

organic Rankine cycle (ORC), an organic Rankine cycle with internal heat exchanger (RORC) and a serial cascade ORC cycle 

(SCORC). In addition to the well-known fuid R134a, two hydrocarbon-based refrigerants, namely butane (R600) and 

isobutane (R600a), are considered in the present study. It is found that sensible improvements are attained using the cascade 

ORC and the ORC with internal heat exchanger confgurations compared to simple ORC under certain conditions. This 

improvement depends on both the heat source temperature and the working fuid considered. Moreover, the results indicate 

that R600 as working fuid has the best performance from a thermodynamic point of view. Finally, though R600, a pure 

hydrocarbon, is completely accepted by the environment, more attention should be paid to its fammability. 
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I. INTRODUCTION 
 

Useful energy can be produced using a basic ORC system 

composed of a boiler, a turbine, a condenser and a pump. 

However, the thermal efciency of such system is very low. 

This can be improved by changing the confguration of the 

system adding more components to optimize the system.  

 

Basically, two options are available; the frst one uses an 

internal heat exchanger to extract an amount of the 

superheated working fuid from the turbine to preheat the 
subcooled working fuid discharged from the pump, while 

in the second option, an extra boiler is added either in 

series or parallel to the boiler of the basic system 

 

1. Low Grade Temperature Heat Recovery Cycles: 
Conventional Rankine cycles do not make it cost-effective 

to transfer thermal energy from a poor heat source into 

electricity, particularly when the temperature is 

exceedingly low.Several cycles have been created to 

appropriately utilise energy from low-grade heat sources.  

Because organic working fluids are utilised instead of 

water, some of the established cycles. 
 

1.1 The Kalina Cycle: 

The Kalina cycle has been created effectively to convert 

low heat to electricity. Water and ammonia were 

employed as a working fluid to enhance cycle efficiency 

and also to decrease irreversibility. Kalina cycle employs 

two distinct thermally matched fluids. Research on this 

cycle has shown that it is better than the standard Rankine 

cycle. Figure 1 displays the Kalina cycle diagram. 

 
 

Fig 1. Kalina Cycle. 

 

1.2 Goswami Cycle: 

The Goswami cycle was first predicted by Dr. Yogi 

Goswami in 1998. This remarkable thermodynamic cycle 

uses a binary mix to create energy and cooling 

concurrently in a single loop. The binary mixture is made 

up of ammonia and water, which improves energy use in a 

cycle. The technology is able to transform low-grade heat 

sources into electricity and can deliver any combination of 

electrical power and cooling. This means that there can be 

an amount in power produced, while the cooling amount is 
reduced. Figure 2 shows the Goswami cycle. 
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Fig 2. Goswami cycle. 

 

1.3 Trilateral Flash Cycle: 

The expansion process does not start at the vapour stage in 

this unusual thermodynamic cycle; instead it starts from 

the saturated liquid line. Based on research studies, this 

cycle is expected to have more power than the flash steam 

system and maybe the ORC system [16] when it comes to 
waste heat recovery. The system's biggest disadvantage is 

that it's difficult to find suitable expanders that can handle 

both high adiabatic efficiency and two-phase flow. The 

trilateral flash cycle is depicted in Figure 2. 

 

 
Fig 3. Trilateral flash cycle. 

 

2. Applications of ORCs: 

The mechanical and electrical power generation uses of 

the ORC are as follows: 

2.1 Waste Heat Recovery: The process of extracting 

energy from waste heat is known as the waste heat 

recovery process as a result of various industrial 

operations. Regenerators and waste heat boilers are 
utilised for redirecting and recovering heat to their own 

system in various applications. The economy of waste heat 

recovery in a steam cycle does not support the low 

temperature of waste heat. A low grade ORC cycle can 

easily generate electricity. Figure 4 shows how the ORC is 

applied to waste heat recovery. 

 

 
Fig 4. ORC in waste heat recovery. 

 

II. LITERATURE REVIEW 

 
Bellos E et al This demonstrates that adding OFOH and 

IHE can increase performance and minimise cycle energy 

deterioration. In the GT-based three-fold combination 
system for changing input temperature and pressures, 

Köse, Özkan et al. (2020) [2] assessed the performance of 

the bottoming system SRC and ORC system. Firstly SRC 

for different pressures (from 10 bar to 100 bar) and 

temperatures was parametrically optimised. A parametric 

optimization is then carried out to assess the 

thermodynamic efficacy of acetone, R113, R141b, R152a, 

R245fa and R365mfc with the rise in the pressure and 

temperature of input turbine. The ORC turbine inlet 

pressure was increased with the optimisation by an 

increase of 2,5 bar from 7.5 bar to the critical pressure of 

the operating fluids.  
 

Thanganadar and Li X., Zhao was looking at the 

possibility of a commercial gas turbine CO2 cycle and 

were analysing maximum energy performance and costs 

for five CO2 cascading cycles.  

 

Tashtoush B.M et.al (2016) has created an oval linked 

top-to-bottom cycle for the use of flue gas heat, in which 

energy is extracted by CO2 power cycle at high 

temperature levels as the top cycle When the intake 

temperature of the turbine was above 500°C. 

 

Song J et.al  (2016) Concluded that CO2 coal-fired power 

station theoretical performance of present materials with 

the current conditions of operation offered by about 6 

percent LHV relative efficiency improvements (from 45 to 

48 percent). 

 

Liu and colleagues (2018) Proposed a novel concept 

system incorporated into the CO2 cycle of boiler exhaust 

flue-gas waste heat recovery at 350 °C. 
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Megdouli K., et al Presented improved ORC-VCR system 
with 53.8 percent exergy efficiency. R602 has been used 

as a work fluid. The organic Rankin cycle and the trilateral 

power cycle might provide a superior exercise-economic 

performance compared to the Kalina cycle. 

 

Colorado (2017) An increased exergy study was carried 

out using a second thermal-absorption transformer and a 

lithium bromide water solution. The cycle's total 

irreversibility was roughly 1,046 kW. 14.78 percent can be 

saved by changing the construction and setup. 

 

Tashtoush B., et.al Investigated the actual possibility for 
improving CO2 recompression cycle performance by 

estimating first and second exergy destruction splitting 

levels. They showed that the components acquired by 

conventional exergy analysis differed from the priorities 

achieved by advanced exergy analysis in improving the 

priority. 

 

The usage of an ORC for combined heat and power 

production increases energy efficiency and reduces carbon 

emissions (Peris et al., 2015). Furthermore, because of 

lower operating pressures, saturated vapour intake at an 
expander inlet, dry expansion, positive cycle pressure on 

the gauge, increased expander life, decreased mechanical 

strain, operational and maintenance expenses, and so on 

(Hung, 2001; Algieri and Morrone, 2012). Efficient use of 

low-mediate temperature sources for the organic ranking 

cycle, such as heat waste.A considerable number of plants 

using waste heat, biomass, or geothermal energy have 

been erected by commercial producers of ORC power 

blocks (Quoilin et al., 2013). Many researchers have 

investigated organic Rankine cycle-based cogeneration 

systems that use various energy sources. 

 

1. Waste Heat/Thermal Energy Powered ORC Based 

Hybrid Systems : 

Energy is wasting vast quantities of energy by relying on 

conventional fuels. Researchers have attempted to exploit 

waste heat as an alternative energy source to create 

valuable commodities (Javan et al., 2016). Hybrid systems 

enable waste heat recovery in thermal systems, increasing 

efficiency and cost-effectiveness. Hybrid systems that 

provide heating, cooling, and/or power at the same time 

have emerged as a potential answer to environmental 

issues. Many researchers have investigated an ORC hybrid 
system based on VARS and used waste heat as a source of 

energy.  

 

Ahmadi et al. (2012) used gas turbine waste heat energy 

to power the built-in VARS ORC, reporting energy 

efficiencies of 89 and 55 percent, respectively. Chaiyat 

and Kiatsiriroat (2015) investigated the energy, economic, 

and environmental feasibility of ORC with absorption 

cooling system-based diesel burners and reported a 

payback period of ten years. Fang et al. (2012). 

2. Solar-Thermal Energy Powered ORC Based Hybrid 

Systems: 
Researchers have been working in recent years to improve 

existing solar thermodynamic cycles and discover new 

ones to decrease environmental issues. In various 

thermodynamic cycles several solar technologies are 

employed such parabolic tube collector have evaluated an 

integrated solar geothermal cycle, in which VARS 

integrated solar power ORC for cooling and ORC for 

geothermal production. The total energy efficiency and 

exergy efficiency of the system/cycle are 54.7% and 

76.4%, respectively. ORC powered VARS thermodynamic 

and economic study by combining solar-thermal and 

geothermal sources were carried out by Buonomano et al. 
(2005). 

 

Karellas and Braimakis (2016) studied ORC integrated 

VCRS system with R134a, R152a, R245fa working fluids 

utilising solar (using PTC) biomass-powered energy in the 

system. Chang et al. (2017) evaluated the energy 

supported ORC ORC with the compression mechanism for 

the hybrid proton exchange membrane fuel cells 

(PEMFC). Bu et al. (2013) performed a performance study 

and selected the fluid compression chiller combined with 

the ORC for ice production. 
 

Wang et al. (2012) investigated the ORC integrated 

ejector cooling cycle of flat-plate collecting systems for 

several modes, such as combining power and cooling, 

combining power, heating and power. Studied the solar-

evacuated ORC 5 percent during the summer and an 

exergy efficiency of 9.5 percent during the summer. 

ORC's integrated ejector refrigeration cycle and reported 

R123/isobutene as the most suitable fluid pair for R133, 

R245fa, and isoputane ORC work fluids were examined 

by Rostamzadeh et al. (2017).  

 

III. CONCLUSION 
 

In this paper, various confgurations of ORC systems have 

been studied and compared using both the frst and second 

laws of thermodynamics. Eco-friendly refrigerants, 

namely butane (R600) and isobutane (R600a) have been 
used as working fuids. Carrying out a thermodynamic 

analysis is actually requirement in order to optimize the 

performance of a given ORC-VCC confguration before 

building the system test bed for experiments. 

Undoubtedly, a real system is more complicated than the 

system analyzed in the present study, but the main 

conclusions drawn from the actual simple theoretical 

system. 
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