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ACCEPTED MANUSCRIPT

1 Process integration of organic Rankine cycle (ORC) and heat pump 
2 for low temperature waste heat recovery
3 Haoshui Yu1, Truls Gundersen1, Xiao Feng2, 

4 1 Department of Energy and Process Engineering, Norwegian University of Science and Technology, Kolbjoern Hejes v. 1A, NO-

5 7491 Trondheim, Norway

6 2 School of Chemical Engineering & Technology, Xi'an Jiaotong University, Xi'an 710049, China 

7 Abstract: Organic Rankine cycles (ORCs) have been a mature technology for low temperature waste heat 
8 utilization. However, the relative low thermal efficiency and incomplete waste heat recovery limit the 
9 power output of ORC systems. The reason for the above two problems is that the temperature-enthalpy 

10 (T-H) profile of waste heat sources does not match well with the organic working fluid in an ORC system. 
11 Heat pumps may reinforce the match between the waste heat carrier and the organic working fluid of the 
12 ORC. The condensation heat released by a heat pump can be used to evaporate the organic working fluid 
13 during phase change. Thus, a better thermal match between waste heat and the organic working fluid in the 
14 ORC can be obtained. Due to the possibility to improve power output, the integration of an ORC and a heat 
15 pump is investigated in this study. Proper working fluids in ORCs and heat pumps are chosen 
16 simultaneously. The integration between ORCs and heat pumps presents significant power output increases 
17 for special cases and deserves to be popularized in practical applications. However, the integrated system 
18 does not always lead to an increase in power output. The integration is profitable only when the following 
19 pre-conditions are satisfied simultaneously: (a) poor thermal match between working fluid and waste heat 
20 for standalone ORC; (b) the evaporation temperature of the ORC is set appropriately; (c) the working fluid 
21 of the ORC has a small ratio of latent to sensible heat; (d) the COP of the heat pump is satisfactory. A 
22 systematic procedure to determine the optimal operating conditions of the system is proposed in this study. 
23 A case study adopted from literature demonstrates the potential benefits of the integration of heat pumps 
24 and ORCs. The results show that the net power output and the amount of waste heat recovered increase by 
25 9.37 % and 12.04 % respectively.
26  
27 Key words: organic Rankine cycle, heat pump, process integration, low temperature waste heat, thermal 
28 match

29 1. Introduction  

30 Organic Rankine cycles have received widespread attention since the 1970s. ORCs represent a 

31 promising way to convert low to medium temperature heat into power [1]. The choice of working 
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