Conversion of low and medium temperature heat to power
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In bioenergy processes heat is obtained either directly by combustion of biomass or as waste heat from energy conversion or chemical reaction processes. The temperature of this heat may range from low to high. In this contribution we consider processes for conversion of low and medium temperature heat to power. Established processes are water Clausius-Rankine cycles (wCRC) and organic Rankine cyles (ORC) at subcritical pressures. In these cycles the working fluid is heated, evaporated and eventually superheated before it enters the turbine. Considering now systems which contain in addition to the cycle of the working fluid (WF) also the heat transfer from the heat carrier (HC) to the WF and the heat transfer from the WF to the cooling agent (CA), the largest exergy loss in the wCRC and in the subcritical ORC happens during evaporation. This is caused by the step of the isobar in the temperature vs enthalpy (T,h) –diagram which causes an increasing temperature gap between the HC and the WF from the boiling point to the dew point of the WF. In order to obtain a better temperature match between the HC and the WF, it was first suggested to use mixtures as WF. An example is the Kalina cycle which uses an ammonia-water mixture. 

More recently, other cycles were suggested. One such cycle is an ORC at supercritical pressure [1,2] in which the expansion of the WF is outside the wet vapour region (ORCs2). The advantage of using a supercritical isobar is its continuity in the T,h-diagram which allows a good match between the temperatures of the HC and the WF. 
Another cycle type is the trilateral cycle (TLC) suggested by Smith [3]. The essential idea of the trilateral cycle is to heat the pressurized WF only up to its boiling point and to start the power delivering expansion there. This guarantees that cooling down curve of the HC and the heating up curve of the WF are nearly parallel. In a first quantitative thermodynamic study of TLC systems with water as WF [4] it was found that the exergy efficiency for power production ξP is larger by 14% to 29% for the TLC than for the ORC. In case of water as TLC -WF the end point of the expansion is always in the wet vapour region. For an organic substance the end point of the TLC may, however, be in the dry vapour region depending on the shape of the vapour-liquid equilibrium curve in the temperature vs entropy diagram. In this case we call the cycle quadrilateral (QLC) and summarize both, the TLC and QLC as power flash cycles (PFC) [5]. 

A further promising cycle type is the organic flash cycle (OFC) proposed recently [6]. Similar as in the PFC the pressurized WF is heated up only to its boiling point. Then, however, it does not yet enter the expansion machine but is first throttled or flash-evaporated to arrive in the wet vapour region. Then the liquid is a separated from the vapour which enters a turbine for power production.    

In the presentation systems with water Clausius Rankine cycle, subcritical organic Rankine cycle, supercritical organic Rankine cycle, Kalina cycle, power flash cycle and organic flash cycle will be considered. Selected results will be shown and critically discussed.         
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Fig. 1: Optimized power flash cycle with toluene (Heat carrier inlet temperature THC,in = 493.15 K, Working fluid maximum temperature T3 = 475.00 K, Working fluid condensation temperature T1 = 311.15 K).  
Table 1: Optimized PFC- and ORCs2 results 
(Heat carrier inlet temperature THC,in = 493.15 K, Working fluid condensation temperature T1 = 311.15 K, Target function is the exergy efficiency for power production ξP, The volume flow rate 
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	Cycle
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	Pressure
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	Volume flow rate
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	Exergy

efficiency ξP

	c-Pentane
	TLC
	2.508
	0.76
	 6,429
	0.555

	MM
	QLC
	0.894
	dry
	31,205
	0.547

	Toluene
	TLC
	0.776
	0.68
	45,852
	0.575

	Water
	TLC
	1.754
	0.25
	43,550
	0.584

	n-Butane
	ORCs2
	4.706
	dry
	 1,711
	0.513
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