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The systematic modeling and performance optimization of
the integrated solid oxide fuel celi-gas turbine and organic
Rankine cycle combined power system
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Abstract

China is the biggest energy consuming country in the world, accounting for 23%
of global energy consumption, but energy utilization efficiency is generally low.
According to statistics, energy efficiency is up to 60% in Europe, the average level of
other developed countries is 50%, while China is only 33% [1]. On the other hand,
China's energy consumption per unit GDP is 3.2 times larger than the world average
level, in which more than 50% of industrial energy is consumed in the form of heat
dissipation. Low temperature waste heat below 350°C exists in most of the industrial
processes. How to transform the energy system into a clean, low-carbon and efficient
one is the biggest problem currently facing China.

In recent years, concerning the disadvantage of centralized energy supply
systems, the fuel cell, organic Rankine cycle and other distributed energy technologies
have become the focus of attention worldwide. Especially the solid oxide fuel cell -
gas turbine (SOFC-GT) hyhrid power system has been characterized as one of the
most promising technologies because of its high efficiency, cleanness, fuel diversity
and flexibility of power generation. At the same time, the organic Rankine cycle
(ORC) has been widely applied as an important way of recovering low-grade heat in
industrial power generation and cogeneration with low temperature solar energy,
geothermal energy, biomass energy, etc. Through system integration and process
improvement, an integrated SOFC-GT-ORC combined system can be established via
the coupling of SOFC-GT hybrid with ORC. This combined power system can
achieve higher energy efficiency, with cascaded and low emission utilization of
energy, compared with the conventional power generation technologies.

SOFC-GT-ORC is a multi-variable complex energy conversion system, which
consists of a large number of sub-units and equipments with different technical
characteristics. The setting of parameters, the system configuration as well as the

coupling and control strategies of various units require through and detailed



investigation. Therefore, this thesis intends to perform an integrated holistic analysis
of the SOFC-GT-ORC combined system. Based on the advanced modeling and
optimization platform gPROMS, the coupling strategies of the SOFC-GT hybrid with
ORC as well as the optimal system configuration will be explored. System
performance over the entire operation regions will be determined and analyzed
through detailed process simulation, which will enable us to deeply reveal the
combined systems’ characteristics, unveil the coupling principles and operation
mechanism of the system, identify the optimal strategies for coupling and operation,
determine the effective waste heat recovery, improve the energy conversion efficiency,
and promote the implementations of such integrated systems in new fields. The main
contents are organized as follows :

The first chapter provides a brief introduction of the current situation of
industrial waste heat, waste heat utilization and technology R&Ds.

The second chapter conducts a brief analysis and discussion about the SOFC-GT
hybrid system.

Chapter 3 establishes a mathematical model of the organic Rankine cycle, with a
comparison analysis of the system performance characteristics under subcritical and
supercritical working conditions.

Chapter 4 conducts a systematic configuration design of the integrated
SOFC-GT-ORC combined power cycle based on the gPROMS platform.

Chapter 5 investigates the performance characteristics of the SOFC-GT-ORC
system based on its integrated gPROMS model. Effects of some major parameters on
the system electrical efficiency and work output are determined with parametric
optimization analysis.

Chapter 6 explores the heat recovery strategies of the combined system, with
comparison analysis of the performance parameters under different system
configurations.

In Chapter 7, different types of working fluids for the organic Rankine cycle are

compared and analyzed.



The final chapter summarizes the main conclusions of the thesis, and provides
some ideas of further research directions.

In summary, the research of coupling strategies and performance optimization
for the SOFC-GT hybrid with supercritical ORC system are conducted in the present
thesis. Several novel system configurations for the SOFC-GT-ORC combined cycle
are proposed. The results obtained unveil the coupling principles and operation
mechanism of the combined system. The optimization criterions of some key
operating parameters are given, which can provide some theoretical guidance and
reference for optimal design and operation of the integrated SOFC-GT-ORC and other

similar combined systems.
Keywords: fuel cell; gas turbine; supercritical ORC; combined system
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