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Abstract— Organic Rankine cycle is a substitute method of 

producing energy from waste heat, fuel and gases at low-

temperature. Method (ORC) proved to be useful in 

decreasing environmental pollution as well as consumption 

of fuel. An organic Rankine cycle functions on the similar 

principle as a steam Rankine cycle, difference lying in 

lower operating temperature and pressure. These 

operational conditions are a result of replacing, working 

fluid in place of water into the closed loop system. This 

enables a lower grade heat to act as a fuel in ORCs. The 

organic Rankine cycle could be used in combination with a 

steam Rankine cycle to revoke waste heat and increase 

overall system efficiency. This paper will present a review 

analysis on the organic Rankine cycle (ORC), its 

Background, (ORC) configuration, its advantages and 

limitations, its small scale applications, choosing working 

fluids and trial study of expansion devices. Heat exchanger 

and expanders are regarded as economically costly parts 

in (ORC). 

Keywords— ORC; Working Fluids; Small scale 

application; Waste heat recovery 

I. INTRODUCTION 

From last few decades, industrial and economic growth in 

many areas has necessitated tremendous increase in energy 

consumption through the escalation of the industrial sector and 

increase in domestic consumption. The increase in demand of 
energy has been met significantly by the substantial use of 

fossil fuels, leading to their depletion as well as atmospheric 

pollution. 

These factors have stimulated the development of 

unconventional energy sources along with heat recovery 

technologies. Over the last decade, organic Rankine cycles 

(ORCs) have been studied extensively to harness low-grade 

heat sources that offer temperatures ranging from 80 to 400°C. 

An ORC consist of the same components as a traditional 

Rankine cycle, a pump, an evaporator, a turbine (or expander) 

and a condenser. The major difference lies in the selection of 

working fluid: water is substituted by an organic component. 

[1]  

Refrigerants having lower boiling temperatures than water 
such as pentane, butane, hexane and silicon oil, could be 

utilised as working fluids in organic Rankine cycles. Here, 

organic means compounds made up of carbon, hydrogen, and 

oxygen. Two foremost variations of ORC’s v/s steam cycles 

are the thermodynamic properties of the working fluid and the 

usually reduced dimensions of installations. Organic Rankine 

cycles have been studied both theoretically [2, 3] and 

experimentally [4] since the 1970s, and reveals efficiencies 

lesser than 10% for small-scale systems. 

 ORC efficiency increases at high pressure ratios. Expansion 

device is one of the major components of an ORC. Positive 

displacement machines are quite appropriate for these small-
scale applications specifically scroll expanders’ technology is 

used. [5] 

          Other vital factors should be well-thought-out when 

selecting expanders such as high isentropic efficiency, 

pressure ratio, power output, need for lubrication, intricacy, 

rotating speed, dynamic balance, consistency, price, working 

temperatures and pressures, leakage, noise and protection. [8] 

The first viable organic Rankine cycles using geothermal and 

solar heat sources were established between 1970 and 1980. 

Multiple organic Rankine cycles have been set up in some 

countries like USA, Canada, Italy and Germany, above that 
applications have also been stated in Finland, Belgium, 

Swaziland, Austria, Russia, Romania, India and Morocco. [1]  

Commercial usage of ORCs started in late 1970s and attention 

to this technology has grown considerably over the past 

decade.  

                Presently, we have more than 200 installed and 

operating ORC setups in the world producing installed power 

in excess of 1.5 GW. [6] Applications of ORCs consist of 

Biomass, Geothermal energy, Solar and Heat recovery. 
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Fig 1: The ORC market for various sources of heat [9] 

 

II. ORC PROGRESSION 

1-2: Process comprises of pushing the working fluid from the 

condenser to the evaporator by increasing its pressure. 

2-3: Evaporator has the purpose of increasing the temperature 

of working fluids by accumulating heat afore it passes to the 

expander.  

3-4: The operating fluid increases its volume in expander with 

purpose to produce electric energy by conversion from 

mechanical energy.  

4-1: Condensing the vapors of working fluid prior to repetition 

of cycle. 

 

Fig 2: ORC Layout [11] 

 

III. ADVANTAGES OF ORC 

In addition to the ability to utilize ORC to recover waste heat 

normally unapproachable to conventional steam Rankine cycle, 

many more advantages are rendered by ORC: 

•Lesser maintenance cost: Lower operating temperature and 

pressure in an ORC system with fewer components that are 

moving reduces the expenditure on maintenance to only a 
portion of analogous fossil-fuel generators.  

•Minimal supervision required: The need for an operator to 

monitor ORC systems is disregarded because of lower 

operating pressure. Generally, the systems are automated and 

are remotely monitored control units.  

•Improved equipment durability: A reduced amount of 

mechanical stresses are generated on the equipment since ORC 

systems functions at a lesser pressure and turbine speed. In 

addition, organic fluids are employed as an alternative of water 

thus moisture accountable for erosion of turbine blades during 

vapour expansion is eradicated. 

 

 

Fig 3: Process diagram for ORC presenting how organic fluids 

permits heat to be recovered from low temperature sources [10] 

IV. HEAT RECOVERY USING ORC FROM SMALL 

SCALE APPLICATIONS: 

Lower temperature waste heat generally produced in small 
scale applications can be recovered capably by means of ORC 

technology, which implies that waste heat recovery applied to 

process applications that may not seem logical using other heat 

recovery technologies. First of all for any small scale 

application setup, various ways in which energy in the form of 

heat is wasted needs to be analyzed: 
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• Exhaust 

• Flue gas 

• Hot water/hot liquid 

• Steam 

• Radiation heat 

 

      
Fig 4: Example of application of ORC for waste heat 

recovery [12] 

It could also be exhaust from a boiler, cooling water, or   

and radiant heat from hot equipment such as ovens, heaters, 

dryers, furnaces and burners etc. [10] Now the query is that 

what one should ruminate while picking an Organic Rankine 

Cycle. The answer to this probe is that by determining the 

source of heat. Usually either Steam or hot liquid are the most 

ideal choice of heat source for an ORC. 

 However the fact of distinction is that all the progressions 

cannot be applicants for waste heat recovery using an ORC. 

It’s feasible to reclaim the heat from exhaust gases, nonetheless 

volumes and temperatures might be too little for providing 

monetary validation. In few scenarios for instance with 

radiation heat, the heat is nearly unmanageable to recuperate in 

monetary terms.  

Additionally, it’s also a task to supply flue gases that are 

uncontaminated and free of impurities like eroding gases as 

well as particulates. The addition of apparatus to resolve this 

concern augments the cost. 

Overall, several considerations must be assessed before   

commencement of a waste heat recovery project. 

    •The volume flow rate of the exhaust gas. 

     •The thermal content/ temperature of the exhaust gas. 

          •The chemical conformation of the exhaust gas. 

Aggregate obtainable thermal energy that could be recovered is 

decided by above aspects and is helpful for picking up optimal 

heat exchangers. After deciding on these factors, one should 
chose the vendor keeping all other factors in mind. The 

financial justification of the project with respect to expenditure 

incurred and energy recovered is prima fascia. 

V. CONCLUSION 

In expansion to the distinctive paybacks like savings of fuel as 

well as energy, it is vital to reflect on the immaterial benefits 

that incorporate those include increasing the energy efficiency 

at the same time reducing emissions and carbon footprint. To 
summarize, a noteworthy quantity of waste heat could be 

extracted by using ORC technology for uses in the process 

industry. The most suitable kind of ORC equipment is decided 

based on technical functionality, estimated capital savings and 

total cost of the project. The noticeable and insubstantial 

recompenses of an ORC program would help businesses cut 

expenses, mend their performance and stay ahead of the 

competition.          
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