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A new solar-coal hybrid power generation system based on low-temperature
solar-driven waste heat recovery

HAN Yu'?, YAN Xue'?, SUN Yingying®?, WU Junjiel-2

(1. School of Energy and Power Engineering, Nanjing Institute of Technology, Nanjing 211167, China;
2. Jiangsu Provincial Key Laboratory of Multi-energy Integration and Flexible Power Generation Technology, Nanjing Institute of Technology,
Nanjing 211167, China)

Abstract: [Objective] To solve the two core problems of solar-coal hybrid power generation, namely the high cost
of solar collectors and the low solar conversion efficiency, a novel low-cost and efficient solar-coal hybrid power
generation system was proposed. [Methods] In this new system, by using low-temperature evacuated tube solar
energy to drive the waste heat recovery, the cost of solar collectors can be reduced significantly and solar amplified
utilization is achieved. The performance of the new system was revealed by simulation, thermodynamic analysis,
and economic analysis. [Results] Based on a typical 600 MW unit, the new system exhibited a solar-to-electricity
efficiency of 32.68% via the novel mode of evacuated tube solar-driven waste heat recovery. The cost of solar
collecting devices in the proposed system was reduced to 34.9% of that in the conventional system. The cost of
solar-generated electricity was kept at 0.440 yuan/(kW ). [Conclusions] The thermal and economic performance
of the proposed system was significantly improved compared with that of the conventional one, and the key
problems in the field of solar-coal hybrid power generation have been solved.

Key words: solar-coal hybrid power generation; solar-driven waste heat utilization; evacuated tube solar energy;
cost of solar collectors
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Fig.1 Characteristics of the conventional system
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Fig.2 Concept of waste heat utilization driven by vacuum
tube solar energy
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Fig.4 Design concept of the coupling of evacuated tube solar heat pump and air preheating
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Tab.3 Design parameters of the core devices of two systems
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Tab.5 Parameters of the reference devices

BH % WAILEITI 0 WEMBESE FRET
FLS AR 5694 £EHTHIAR 70 000 m? 0.90
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Tab.6 Thermal parameters of the core devices

W& P OEEEIC ATEREE THREEIC RIEMAE TR R(kg s ) HEMW ki BYm?
fen S S TR 360.0/210.0 168.3/332.0 509.6/519.0 79.58 204 288
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ARG GRS 360.0/210.0 185.2/275.4 113.5/43.6 17.72 12423
A CEMLRSD 300.0/210.0 185.2/275.4 45.1/22.4 9.11 1687
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Tab.7 Thermal performance of the two systems under designed condition
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Tab.8 Annual thermal performance
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Fig.10 Annual solar-generated electricities of the conventional and new systems
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Tab.9 Investments of the devices
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HL A P #E 0.440 JT/(KW h), fUNHE RS
43.7%, [FIFFIRTS 1248 JiouEgfieas, 25
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Tab.10 Economic indicators of the systems

ZH TR G WRG
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RS T TG 129 1248
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