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Abstract— In present time Organic Rankine Cycle (ORC) has 

come to be a field of intense research and seems a promising 

technology for conversion of heat into useful work or 

electricity. The utilization of low grade renewable heat 

sources requires the use of Organic Rankine Cycle systems 

(ORC) as a developed technology for low-grade temperature 

power generation, where organic fluids such as hydrocarbons 

or refrigerants are operated to facilitate efficient power and/or 

heating or cooling cogeneration. This work proposed power 

generation systems especially with renewable sources have 

shown a promising result all over the world and have been a 

technical solution to demand growth for organic. The work 

has been developed for the find thermodynamic suitable 

fluids for ORC in biomass power and heat plants and also 

comparison of different working fluids are present. Results 

show that the best performance among fluids Toluene, Butyl 

benzene, Propyl benzene, octamethyltrisiloxane and 

Ethylbenzene for the system conditions described as per 

varying of temperature scales which is simulated in 

MATLAB tool. 
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I. INTRODUCTION 

Renewable energy sources, such as solar thermal and 

geothermal, biomass, municipal solid waste (MSW) and vast 

amounts of industrial waste heat are potentially promising 

energy sources capable, in part, to meet the world electricity 

demand [1–3]. However, the low grade heat from these 

sources cannot be converted efficiently to electrical power by 

using the conventional power generation methods [4–6]. In 

this context, research on how to convert these low-grade 

temperature heat sources into electrical power is of great 

significance [7]. However, the thermal efficiency of the 

conventional steam power generation considerably low and 

becomes uneconomically when steam temperature drops 

below 370 ˚C. It means that using water as a working fluid in 

rankine cycle is more suitable for high temperature 

applications and large centralized systems [8]. The organic 

rankine cycle (ORC), whose most important feature is the 

possibility of using different low temperature heat sources  

for small and medium power generation, has been studied by 

many authors.  

In ORC’s the problems encountered with water can 

be partially mitigated by selecting as suitable organic fluid, 

characterized by higher molecular mass and lower critical 

temperature than water [9–11]. In the other words, the 

organic rankine cycle (ORC) is a non-superheating 

thermodynamic cycle utilizing an organic working fluid to 

rotate an expander. 

Organic Rankine Cycle (ORC) is a suitable means 

for electricity generation from low grade heat and has shown 

a good compatibility with solid biomass power. These 

constraints are described and an adapted power plant design 

is presented. The new design influences the selection criteria 

of working fluids. 

A. Type of Fluids: 

The working fluids can be classified into three categories 

according to the shape of the saturated vapour line in the T-S 

diagram (fig 1). Since the value of 𝑑𝑇 𝑑𝑠⁄  leads to infinity for 

isentropic fluids, Define𝜉 = 𝑑𝑠 𝑑𝑇⁄ , the 3 types of working 

fluids can be classified by the value of  𝜉: 

 Dry fluids (𝜉 > 0), 

 Isentropic fluids (𝜉 = 0), 

 and wet fluids (𝜉 < 0). 

derived an expression to calculate 𝜉, which is:  

𝜉 =
𝑐𝑝

𝑇𝐻

−

𝑛 𝑇𝑟𝐻

1−𝑇𝑟𝐻
+ 1

𝑇𝐻
2 Δ𝐻𝐻 

Where: 

 𝑇𝑟𝐻 = 𝑇𝐻 𝑇𝐶⁄  denotes the reduced evaporating 

temperature; 

 Δ𝐻𝐻 represents the enthalpy of vaporization; 

 the exponent n is suggested to be 0.375 or 0.38 [6] 

[7]made calculations and discovered that large 

deviations can occur when using this equation at off-normal 

boiling points. Therefore, it is recommended to use the 

entropy and temperature data directly to calculate 𝜉. 

 
Fig. 1: T-S Diagram for The Three Types of Working Fluids 

The working fluids of dry or isentropic type are 

more appropriate for ORC systems. This is because dry or 

isentropic fluids are superheated after isentropic expansion, 

thereby eliminating the concerns of impingement of liquid 

droplets on the turbine blades.  

However, if the liquid is “too dry”, the expanded 

vapour will leave the turbine with substantial superheat, 

which is a waste and adds to the cooling load in the condenser 

[8]The cycle efficiency can be increased using this superheat 

to preheat the liquid after it leaves the feed pump and before 

it enters the vapour generator. 
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Investigated the effect of working fluids in organic 

rankine cycles for waste heat recovery and found that the 

presence of a hydrogen bond in certain molecules such as 

water, ammonia and ethanol may result in ‘wet’ fluid 

conditions due to larger vaporizing enthalpy, and is regarded 

unsuitable for ORCs [5]. 

B. ORC Technology with Biomass: 

Organic Rankine Cycle technology can be used to generate 

heat and power from renewable sources. Over the last 10 

years ORC technology has been successfully demonstrated 

for application in small, decentralized biomass CHP plants, 

as Ilaria Peretti writes. 

Over the last 10 years, ORC technology has proven 

its value for small, decentralized biomass CHP plants up to 

around 5 MWe. 

Typical systems are based on the following steps: 

 Biomass fuel is burned in a combustor made according 

to the same, well-established techniques used for hot 

water boilers. These combustors and accessories - 

elements such as filters, controls, automatic ash disposal 

and biomass feed mechanisms - are safe, reliable, clean 

and efficient. 

 Hot thermal oil is used as heat transfer medium, 

providing several advantages, including low pressure in 

the boiler, large inertia and insensitivity to load changes, 

simple and safe control and operation. The adopted 

temperature (about 315°C) for the hot side also ensures 

a very long oil life. Using a thermal oil boiler avoids the 

need for licensed operators, as required for steam 

systems in many European countries. 

 An Organic Rankine Cycle turbo generator converts the 

available heat to electricity. Through the use of a 

properly formulated working fluid and an optimized 

machine design, both high efficiency and high reliability 

can be achieved. The condensation heat of the turbo 

generator produces hot water at typically 80°C-120°C, a 

temperature suitable for district heating and other low-

temperature uses such as wood drying and cooling 

through absorption chillers. 

 
Fig. 2: The Schematic Diagram of a Biomass Cogeneration 

of ORC [12] 

II. POWER PRODUCTION BASED ON WASTE HEAT AND 

FURTHER UTILIZATION POSSIBILITIES OF THE ORC-PROCESS 

The ORC process is especially suited for the power 

production based on industrial waste heat. In order to produce 

electricity waste heat is transferred to a thermal oil cycle and 

further on to the ORC unit by heat exchangers. An innovative 

process implementation is given by the possibility to 

implement the ORC process in a fluidized-bed-steam-

gasification process (see Figure 3). This seems to be 

meaningful for CHP plants in a range of 2.5 MWe from an 

energetic as well as economic point of view. By coupling 

these different CHP technologies, an improvement of the 

electric plant efficiency of about 20% can be expected. 

 
Fig. 3: Thermodynamics Process of ORC Cycle 

A. Strengths of The ORC Technology: 

 Excellent partial load behavior 

 Ability for quick load alternations (in particular an 

advantage for heat controlled operation and achieving 

high annual utilization rates) 

 Mature and reliable technology 

 No danger of droplet erosion on turbine blades (because 

of the favourable thermodynamic properties at lower of 

the working medium used) 

 No constant steam boiler supervision is needed 

 High degree of automation 

 Low maintenance costs 

 The implementation of ORC units in existing biomass 

combustion plants is relatively easy 

 Various possibilities for process integration 

III. PROBLEM STATEMENT 

Main responsibility of this section is to improve the cycle 

efficiency by pre‐heating the ORC working fluid exiting the 

pump. This is done by extracting heat from superheated fluid 

after the expander. 

The main issue linked to this approach is the 

objective function, which does not take into account 

additional fluid properties influencing the practical design of 

the cycle. This can lead to recommendation of unrealistic 

working fluids, such as toluene or benzene for a very low 

temperature heat source. 
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For regenerator usage several issues shall be 

considered. First of all, if ORC fluid is dry then using 

regenerator is reasonable. Secondly, it should be noted that 

for applications where final exhaust temperature in heat 

source side is fixed using regenerator is considerable. 

Imagine that exhaust medium of heat source will be used in 

district heating system and needs to be in a certain 

temperature. In this case regenerator can be considered. 

Otherwise, regenerator will yield in more evaporator inlet 

temperature for ORC fluid and this will results in less heat 

recovery from heat source.  This is true that using regenerator 

will cause less irreversibility in evaporator and gives better 

heat transfer, but on the whole, with variable heat source, less 

heat is extracted from heat source since higher temperature 

ORC fluid has been entered in evaporator and can absorb less 

heat. This is important especially in ORC as cooling system 

or where more heat recovery rather than fixed heat source is 

interesting. Even if regenerator gives better efficiency, as 

mentioned, it might not extract heat in best way and will not 

give higher power generation always. Hence, using this costly 

equipment shall be well justified to compensate its price.   It 

is notable that unlike regenerator and evaporator, in 

condenser superheated ORC working fluid passes through 

shell and the cooling fluid is in tube side while shell and tube 

heat exchangers are used. 

IV. SYSTEM MODEL 

A. Thermodynamic Model: 

A thermodynamic model has been developed to characterize 

the performances of biomass ORC. To this purpose, the 

DIPPER database [6] has been integrated with the energy 

model to define the thermodynamic properties of the organic 

fluids. For the analysis, a steady state condition has been 

assumed, while pressure drops and heat losses in the plant 

components have been neglected. The system performances 

have been expressed in terms of electrical power and 

efficiency, energy utilization factor, and co-generation 

efficiency. The ORC net electrical power P is evaluated as 

follows: 

P = emPu                                                          (1) 

Where Pu is the net power output and em takes into 

account the mechanical and electrical losses. In particular, the 

net power output represents the difference between the 

turbine power Pt and the power requested by the pump Pp: 

Pu=Pt–Pp                                                           (2) 

The turbine and pump power are calculated 

according to eqs. (3) and (4), respectively: 

𝑃𝑡 = 𝜂𝑡 𝑚  ̇ 𝑙𝑖𝑠,𝑡 =  𝑚𝑙𝑡
̇ =  𝑚(̇ ℎ5 - ℎ6) 

𝑃𝑝=�̇�
𝑙𝑖𝑠,𝑝

𝜂𝑖𝑠,𝑝
= �̇�𝑙𝑝= �̇�(ℎ2 -ℎ1)                      (3-4) 

where m is the organic fluid mass flow rate, t – the 

isentropic efficiency of the turbine, p – the isentropic 

efficiency of the pump, lis,t – the isentropic specific work of 

the turbine, lis,p – the isentropic specific work of the pump, lt 

– the specific work of the turbine, lp – the specific work of the 

pump, and hi – the specific enthalpy of the generic state point 

i.  

The electrical plant efficiency is defined 

𝜂𝑐 =
𝑃

𝑄𝑡
                                                            (5) 

Where the biomass thermal power Qt is:  

�̇�=𝑚𝑏̇ 𝐻𝑖                                                          (6) 

Where 𝑚𝑏̇  and 𝐻𝑖  are the biomass flow rate and the 

lower heating value, respectively. The thermal power 

transferred to the working fluid is: 

𝑄𝐼
̇ = 𝜂𝑏𝑡�̇�𝑡 = 𝑚𝑞𝑖̇                                           (7) 

Where bt takes into account the biomass boiler 

efficiency and the effectiveness of the heat exchange process 

between organic fluid and thermal oil and qi is the heat 

transmitted to the organic fluid: 

𝑞𝑖 = ℎ5−ℎ2                                                      (8) 

if the internal heat exchanger is absent, while: 

𝑞𝑖 = ℎ5−ℎ9                                                      (9) 

When the internal regenerator is used. According to 

the literature [2, 11], the efficiency of the internal heat 

exchanger is given by: 

𝜂𝐼𝐻𝐸 =
ℎ9−ℎ2

ℎ6  −ℎ7
                                                   (10) 

Where the temperature at the exit of the internal 

regenerator T7 is higher than the condensation temperature 

Tcond as follows: 

𝑇7=𝑇𝑐𝑜𝑛𝑑+∆T                                                   (11) 

Finally, as co-generation merit parameter, the 

energy utilization factor EUF and the co-generation 

efficiency cog have been evaluated as follows [7-8]: 

EUF=
𝑃+ 𝑄𝑐𝑜𝑔̇

𝑄�̇�
                                                 (12) 

𝜂𝑐𝑜𝑔 =
𝑃

�̇�𝑡−
�̇�𝑐𝑜𝑔

𝜂𝑠𝑏

                                                (13) 

Where Qcog is the thermal power from the 

condensation process used for co-generation and sb the 

efficiency of a second boiler that should be used to produce 

Qcog separately. 

V. PROPOSED IMPLEMENTATION 

In calculation method which needs following basic data for 

each substance: 

 Finite state of temperature, 

 Fix pressure for different entropy, 

 Auto ignition temperature, 

 Vapor pressure of the liquid, 

 Heat of vaporization, 

 Heat capacity of the liquid, 

 Heat capacity of ideal gas. 

The Design Institute for Physical Properties 

(DIPPR) is the world's best source of critically evaluated 

thermo-physical and environmental property data. Using a 

proprietary data evaluation methodology DIPPR’s 

recommended values allow practitioners to quickly produce 

results from their computational tools rather than spending 

time ensuring that the underlying data are robust. DIPPR data 

are used by leading chemical, petroleum, and pharmaceutical 

companies throughout the world and used extensively in 

third-party software.  

The Peng-Robinson EoS (Wu & Chen, 1997) was 

derived  the original PR EoS. The main difference between 

the original PR Eos and our modification are the denominator 

of the attractive term. Details of this can be found in Wu 

(1997). The advantages of using the modification over the 

original PR Eos: 

 More accurate prediction of volumetric properties for 

single phase mixtures 

http://www.fscarbonmanagement.org/dippr/methodology
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 Better Joule-Thomson inversion curves  

Wu’s EoS is given by the following equation: 

𝑃 =
𝑅𝑇

𝑉−𝑏𝑉
−

𝑎𝑉𝛼

𝑉(𝑉+𝑏𝑉)+0.645𝑏𝑉(𝑉−𝑏𝑉)
    (15) 

Where, 

𝑎𝑉 = 0.45724
𝑅2𝑇𝐶

2

𝑃𝐶
2                                         (16) 

𝑏𝑉 = 0.07780
𝑅𝑇𝐶

𝑃𝐶

                                        (17) 

For mixtures, 

𝑎𝑉𝛼 = ∑ ∑ 𝑦𝑖𝑦𝑗(𝑎𝑉𝛼)𝑖𝑗                         (18) 

(𝑎𝑉𝛼)𝑖𝑗 = (1 − 𝐾𝑖𝑗)√(𝑎𝑉𝛼)𝑖(𝑎𝑉𝛼)𝑗       (19) 

𝑏𝑉 = ∑ 𝑦𝑖𝑏𝑉𝑖                                                 (20) 

Where, Pc, Tc and V are the fix pressure, finite state 

of temperature and molar volume respectively. 

R and α are the universal gas constant and the alpha 

function, while Kij, yi and yj are the binary interaction 

parameter and component mole fractions respectively. 

The form of the alpha function used in the Modified 

Peng-Robinson is that given by Soave (1993): 

𝛼 = (1 + 𝜅 (
𝑇

𝑇𝐶
)

0.5

)
2

                                   (21) 

Where, 

𝜅 = 0.48 + 1.574𝜔 − 0.175𝜔2               (22) 

ω, T and Tc are the acentric factor, temperature and 

critical temperature, respectively 

VI. RESULT 

The model was used to generate predictions of the 

performance of the system under a variety of operating 

conditions. The maximum temperature of the cycle was set to 

be 10% below the temperature of the hot water source. This 

allows the effect of the quality of the heat source to be 

determined. The pressure ratio of the cycle, when positive 

displacement devices such as a scroll expander are being 

used, represents the number of enthalpy for saturated liquid 

together in series.  

 
Fig. 4: Enthalpy of pressure 

Organic fluids are helpful when the maximum 

temperature is low and the power plant is small. At low 

temperatures, organic fluids lead to higher cycle efficiency 

than water.  

In figure 5, thermodynamic properties have been 

extracted from the database of the Design Institute for 

Physical Properties of (DIPPR) which includes nearly 1800 

substances. The calculation method has to cover the range 

from liquid phase to superheated gas (Fig. 4).  

Specific enthalpy difference (ℎ3 − ℎ2) is the 

recovered heat provided by the recuperator using (ℎ7 − ℎ8). 
The difference (ℎ6-ℎ1)is input enthalpy, (ℎ7 -ℎ6)gained work 

turbine and (ℎ8 − ℎ1)waste heat which may be used for space 

heating.  

State 6 can be in the gas phase or on the line (then 

state 5 equals state 6). The maximum temperature Tmax is 

the turbine inlet temperature (state 6) and the minimum 

temperature Tmin is the condenser temperature, overall 

conclusion for figure 4, its lowest and highest level of 

temperature entropy efficiency level get raise with different 

percentage level. 

 

 
Fig. 5: Maximum Efficiency Of Vapor & Process For Fluids 

Above figure 5, octamethyltrisiloxane has the 

highest vaporization enthalpy, but at a low temperature level. 

Thus, toluene shows worst efficiency of the alkylbenzenes.  

Butylbenzene shows highest efficiency. It has the 

lowest maximum and minimum process pressure, vaporizes 

at maximum process temperature and its condenser 

temperature is only slightly lifted. 

OMTS (octamethyltrisiloxane) vaporizes at higher 

temperature as toluene, but its vaporization enthalpy is 

significantly lower. So it’s having lowest efficiency of the 

selected fluids.  

Butylbenzene gains 6.5% points and OMTS 4.7 

percent points from 523 to 623 K. In general, efficiency 

difference between the fluids rises with higher maximum 

process temperature. Overall conclusion Butylbenzene shows 

highest efficiency with maximum process efficiency. 
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Fig. 6: Efficiency of ORC With Internal Heat Exchanger 

And Without Exchanger 

Approx 700 substances of the DIPPR database, the 

efficiency rises to approximately 25% at 1 MPa with a slight 

decrease for higher pressures. sufficient accuracy by using  

DIPPR database and the Peng–Robinson–EOS method with 

internal heat exchanger get maximum pressure with 

Tmin=363k  as compare to without internal heat exchanger 

get lowest pressure level with same temperature level .  

VII. CONCLUSION 

Despite the large amount of working fluid studies for ORC 

applications, their conclusions do not lead  single optimal 

fluid for a given temperature level and a given application. 

This is mainly due to the diversity of the selected objective 

functions when screening working fluids. This method is 

used to find thermodynamic suitable fluids for ORC in 

biomass power plants. In comparison to most other ORC 

applications, the pinch point at the start of vaporization can 

be avoided by an adapted plant design. Efficiency correlates 

with a low minimum temperature, high vaporization 

temperature and a high amount of vaporization enthalpy to 

input enthalpy with different power level percentage 

threshold. If these parameters are optimal, low maximum and 

minimum process pressure leads to a slight improvement of 

efficiency. In future, operating map approach focuses on the 

interaction between expansion machine and working fluid. 
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