Thermodynamic analysis of an organic Rankine cycle for waste heat recovery from IGT 25
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Abstract

The organic Rankine cycle (ORC) is attractive in power generation field since it is the best applicable technology for heat recovery and power generation using heat sources at temperatures of 200– 400 ˚C. Combined gas turbine with ORC is thermo-economically studied. For this purpose, comprehensive thermodynamic modeling, including energy, exergy, and economic analyses is conducted. In addition, the model is performed for different working fluids including R123, R134a and water. The ambient temperature is a significant performance parameter in a combine cycle. Raising this parameter can decrease power output up to 40%.  The parametric investigations show that the gas turbine inlet temperature and the partial load significantly affect the exergy efficiency and total annual cost of the cogeneration system. Also, increasing the partial load and ambient temperature increases the total annual cost.
Keywords: organic Rankine cycle, IGT25, Thermo-economic, cogeneration, gas turbine.

I. INTRODUCTION 

Exergy analysis based on the first and second thermodynamic laws is a significant tool to analyze the energy systems. It also reveals the inefficient thermodynamic processes. Recently, exergy analysis has become a key issue in providing a better understanding of the processes, to quantify sources of inefficiency and to distinguish quality of energy consumption [1, 2]. Katas [3] and Szargut [4] studies on exergy costs have been provided at conferences by American Association Mechanic Engineers. Similarly, a lot deals of research on exergy analysis have been conducted by Moran [5] analyzing energy, Ameri et al [6] carried out energy, exergy and exergoeconomic analyses of a steam power plant in Iran. They also considered the effect of the load variations and ambient temperature in order to find the exergy destruction in each component of the cycle. The results showed that energy losses have mainly occurred in the condenser where 306.9MW is lost to the environment while only 67.63MW is lost from the boiler. Nevertheless, the irreversibility rate of the boiler is higher than the irreversibility rates of the other components, Ameri et al [7] performed the exergy analysis of the supplementary firing in a heat recovery steam generator in a combined cycle power plant. Their results showed that if a duct burner is added to a heat recovery steam generator (HRSG), the first and second law efficiencies are reduced nevertheless, the results show that the combined cycle power plant (CCPP) output power increases. Dincer [8] considered the environmental and sustainability aspects of hydrogen and fuel cell systems, and analyzed the exergetic and environmental aspects of drying systems, Ahmadi et al [10] performed the exergy environmental assessment of a gas turbine power plant, and the results showed that increases for exergy efficiency and reduction of CO2 emission. The present papers evaluate a new modeling of gas cycle, analyzing it in term of energy, exergy and exergoeconomic, as well as , the environmental impact, it’s precise survey is due to the fact that pressure loss in CC impacts remarkably on dispersion of environmental contaminating gases. Various fluids were measured in the ORCs for the best fluid with most exergy efficiency and the least Co2 greenhouse gas dispersion to be chosen among all organic gases Co2 greenhouse gases (GHG) dispersion was surveyed from the view point of the significance of ground heating between the two gases cycle.
II. Thermal modeling
The thermodynamic modeling of the consecration system conceder here Fig, 1 ii deviled in to two parts: Topping cycle (baritone cycle), bottom cycle (ORC and domestic water heater). All applied equations are based on the following hypotheses:
The flow is stable and constant. 

Air and combustion protects are considered to be ideal gas mixture.

All components are assumed to be adiabatic.
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Fig. 1 schematic of the cogeneration system for heating and electricity generation

Air compressor:
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Air preheater:
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Combustion chamber:
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Gas turbine:
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According to table 1 given the fuel component for calculating LHV, Designing the combustion chamber necessitates minimization of pressure decline throughout the chamber. The combustion equation is considered to be [9]:
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Table 1 fuel component

	Fuel components 
	Mol (%)

	Metane
	98.57

	Ethane
	0.63

	Propane
	0.1

	Isopane
	0.05

	Isopantane
	0.04

	Hagzane
	0.01

	Nitrogene
	0.59

	Carbon dioxide
	0.01


Equalizing the both sides of the equation, gives:
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Organic Rankine cycle

The isentropic efficiency of the pump, turbine efficiency and thermal retention co-efficient are considered to be 80%, 75% and 0.9%, respectively [11, 12].

Mass balance equation:
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Using the first and second thermodynamic laws computed production/consumption power and repulsion absorption heat in energy component of the cycle, the applied energy balance Eq (19) is:
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Where subscripts i and o refer to streams entering and leaving the control volume, respectively. The energy balance equations for the various parts of the turbine cycle as shown in Fig 1 are as follow:

-Evaporator:
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-Turbine:


[image: image22.wmf]s

o

i

a

o

i

s

T

a

T

T

h

h

h

h

W

W

,

,

,

,

-

-

=

=

&

&

h


                                       (21)

[image: image23.wmf]å

å

-

=

o

o

i

i

a

T

h

m

h

m

W

&

&

&

,




     
      (22)


-Condenser:
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The pressure drop in condenser/evaporator is assumed to be ΔP and as a result:
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-Pump:
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Exergy analysis
The exergy is defined as the maximum theoretical useful work obtained as a system interacts with an equilibrium state [13]. Applying the first and the second laws of thermodynamics, the following exergy balance is obtained:
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The subscripts e and o are the specific exergy of control volume inlet and outlet flow, respectively and
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is the exergy destruction. Other terms in this equation are as follow [3]:
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are the corresponding exergy of heat transfer and work which cross the boundaries of the control volume,  T is the absolute temperature (K) and (
[image: image34.wmf]o

) refer to the ambient conditions respectively. 

Economic analysis 
In this research study the total cost rate includes the fuel cost and total capital invesetment (TCI) which is estimated as:
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 is fuel cost estimated as: 
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cf is the unit price of the fuel which is selcted 0.003 $/MJ LHV in this study [14]. Moreover, TCI is the total capital investment including fixed capital investment, allowance for funds used during construction, working capital, startup costs and the cost of licensing, research and development [15]. The purchase cost function of each equipment is given in Appendix A.
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III. results and dıscussıon 

Taking into consideration the new definition of IGT25 gas turbine and organic Rankine cycle, its impact on output power combine cycle and also it’s relation to ambient temperature were surveyed Fig 2 shown that the value of net power decreases with increase in the ambient temperature and the highest power production occurs in the R123, mainly due to the critical temperature and pressure of studied working fluid.
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Fig. 2 Variation with ambient temperature of net power output for the cogeneration system
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Fig. 3 Variation with ambient temperature of total annual cost for the cogeneration system
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Fig. 4 Comparison of exergy efficiency of various organic fluids
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Fig. 5 Variation with partial load of power output and fuel consumption
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Fig. 6 Variation with partial load of total annual cost and exergy efficiency
IV. The ambient temperature is a significant performance parameter in a combine cycle. Raising this parameter can decrease total annual cost. But an energy balance of the combustion chamber indicates that the fuel mass input rate also decreases as the ambient temperature rises. The decreased fuel input is also reflective of the decrease in turbine exhaust flow and increase in turbine exhaust temperature. The total annual cost is observed to be the highest amount for water and the lowest for R123 (Fig 3). To provide exergy efficiency insights, the working fluids impact of the organic Rankine cycle is compared to that of the cogeneration in Fig. 4. It is seen that the Water as a fluid cycle has less exergy efficiency than the R123 and R134a, providing a significant motivation for the use of organic Rankine cycles. It is also observed that cogeneration with R123 has a higher exergy efficiency than other cycles. It is shown in Fig. 5 that the power output and fuel consumption for the cogeneration cycles increases with gas turbine partial load. Fig. 6 shows the effect of varying partial load on the cycle’s total annual cost rate and exergy efficiency. The exergy efficiency is seen to increase with gas turbine partial load. Since the compressor pressure ratio is constant the exergy flow entering the combustion chamber is fixed. From the exergy balance for the combustion chamber, therefore, it is seen that increasing the partial load increases the outlet exergy flow, reducing exergy destruction in the combustion chamber. The variations with partial load of total annual cost are shown in Fig. 6, where the cost of total annual cost is seen to decrease with increasing sailing electricity.
V. conclusıon 

Fossil fuel depletion and global warming are two important concerns for the sustainability of energy systems in the future, so used of gas cycle was combined with ORC with mentioned arrangement increase exergy efficiency and decrease of the total annual cost. On the other hand you can also add any fuel for heating for providing domestic consumers hot water. Various organic fluids should be tested in combined cycle with help of gas cycle in order to use best type of fluid for the best efficiency.

VI. Nomenclature 

AC           Air compressor 

AP           Air preheater 

C             Cost ($/hour) 

E             ExExergy (kJ/kg) 

GHG        Greenhouse gases 

HRSG     Heat recovery steam generator Inv                                Investment cost 

Op          Operational cost      

               Compressor pressure ratio  

Tot         Total 

V            velocity (m /s)            

Greek symbols
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          specific heat ratio
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          energy efficiency
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          density (kg/m3)
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           maintenance factor
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           chemical exergy/energy ratio

Subscripts
Amb      Ambient
app       Approach point

a            air

CC        Combustion chamber
Con       condenser
CRF      capital recovery factor

f            fuel

g           gas
i             interest rate
In           inlet condition
k            component
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