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The depletion of fossil fuel due to increasing energy consumption has been accelerating, thus the energy crisis is becoming more severe. Moreover, the need to reduce fossil fuel consumption has been attracting more attention recently due to concerns related to global warming. Pulverized coal (PC) power plants are one of the largest consumers of fossil fuel, and they produce a significant amount of CO2. Therefore, much research has been focused on improving the efficiency of PC power plants and reducing their CO2 emission in order to address both fossil fuel depletion and greenhouse gas reduction. The installation of the bottoming cycle in conventional power plants has recently gained attention. The combined cycle is able to produce additional power without consuming fossil fuel through utilization of waste heat generated from the steam cycle. Although many studies have focused merely on improving the efficiency of the topping cycle, it is also important to improve the bottoming cycle’s efficiency in order to produce more power from power plants. Because the waste heat from the steam cycle (the temperature of which is too low to be utilized for other purposes within the steam cycle) is used, the combined cycle can produce more power without generating additional CO2. There have been other noteworthy studies performed to recover low-grade heat using liquefied natural gas (LNG) as a heat sink. In this way, the temperature difference between the heat source and the heat sink is increased because the condensation of the working fluid takes place at a point lower than ambient temperature. Consequently, the bottoming cycle can produce more power with the same heat source utilization. 
[bookmark: _GoBack]In this work, a multicomponent combined Rankine cycle utilizing LNG cryogenic exergy was proposed. Since LNG is a multicomponent mixture comprised of more than eight components, the evaporation process of LNG is not isothermal. Therefore, the exergy recovery of the LNG through the ORC working fluid can be significantly improved by utilizing multicomponent working fluids, which have a nonisothermal condensing nature. Also, the proposed ORC is designed to recover the entire evaporation enthalpy of LNG by using a multicomponent working fluid to maximize the power generation within the cycle. To illustrate the performance of the ternary mixture ORC quantitatively, ORCs with single and binary components were also examined in this study. 
Another important point of this study is the integration of the ORC with a PC power plant with a CO2-capture unit. The proposed power cycle utilized low-pressure steam from a PC plant to enhance the total power generation. In addition, captured CO2 from the PC power plant was utilized to preheat the working fluid. In this manner, the proposed power cycle can preheat the working fluid and reduce the energy needed for liquefaction of CO2.


Figure. 1 Process flow diagram of ORC using ternary mixture working fluid.


Figure. 2 T-S diagram of ORC using ternary mixture working fluid.
Figure 1 and 2 give a principal process scheme of ternary mixture working fluid and corresponding T-S diagram. The ORC uses R601-R23-R14 ternary mixture as its working fluid and is integrated with a steam cycle as a bottoming cycle. By utilizing the hot and cold exergy of low-pressure steam and LNG that are initially wasted, the ORC is able to generate additional power without consuming fossil fuel. The CO2 generated from the combined cycle is liquefied by utilizing its latent heat as a heat source for the working fluid. Consequently, the energy consumption for the CO2-liquefaction process is reduced by more than 50% in this study. The nonisothermal condensing nature of the ternary mixture working fluid can reduce the exergy loss of the system, and the consequent power generation and efficiency of the ORC are significantly improved. Power generation from the ternary mixture ORC is increased by about 56% and 59% as compared with the pure and binary mixture ORCs, respectively. Important design parameters such as pump discharge pressure, working fluid composition, and turbine inlet and outlet pressure are also optimized to recover the maximum power from the ORC.
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