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This paper presents the development of small scale power generation systems for constructing the
distributed energy supply system in Japan using low grade heat energy utilization technologies such as
Organic Rankine Cycle (ORC), Kalina Cycle, and Lorenz Cycle from the viewpoint of process system
engineering and, shows the analysis and evaluation of their performance. This paper is composed of six
chapters, and the contents of each chapter are described below.

Chapter 1: Introduction

Recently, there has been a politically movement in Japan to make renewable energy the main power source
as a new alternative to thermal and nuclear power generation. The power generation capacity using renewable
energies in Japan has increases from 31 TW in 2011 to 121 TW in 2019. However, renewable thermal
energies such as geothermal and industrial waste heat have rarely used. Such heat energy exists throughout
Japan as low grade thermal energy with temperature below 373 K and flow rate below 100 /min. The ORC
is one of the power generation systems, which can be used these heat sources. Although, power generation
system using low grade heat source suffers from low power generation performance due to insufficient
temperature difference between hot and cold heat source. In this chapter, the trend of research on ORC is
surveyed, and the improvement of power generation performance of ORC and Kalina cycle by process design
is summarized. Accordingly, the problem of power generation system using low grade heat source is raised,
and the purpose of research is clarified.

Chapter 2: Design of a micro ORC and analysis of the power generation performance

Previous research on ORCs has focused on the design of optimal ORCs for operating conditions such as
heat source temperature and type of working fluid. However, these design methods are decreased versatility
of the ORC. In order to increase versatility of the ORC, it is necessary to determine the scope of application
of ORC by fixed design conditions and examining it under various operation conditions. In this chapter, a
small scale ORC system of less than 20 kW class is called a micro ORC, and it is developed on model based
approach. The power generation performance of the micro ORC system is evaluated according to the heat
source temperature, the heat source flow rate, and the working fluid type, and clarified the application range
of the ORC. From the results obtained, a more detailed analysis of the power generation petformance of each
working fluid was conducted by using Al.

Chapter 3: Design of a small-scale Kalina Cycle using the temperature glide of the working fluid and
combined Kalina Cycle




K 4 Kot ELthi

It is well known that the performance of ORC is increased by using zeotropic mixture as the working fluid.
Because zeotropic mixture change phase with temperature variance, which makes it possible to maintain a
small temperature difference between heat source and working fluid. As a result, the irreversible loss during
heat exchange can be reduced, this phase change is called temperature glide, there are only a few examples
of cycle design with focusing it. On the other hand, one of the ways to improve the performance of low
temperature utilization power generation system is to increase the temperature of the heat source. The heat
pump is the one of the technologies which makes that. Among them, the absorption heat pump has the
potential to applied to low temperature heat utilization power generation systems because it can use external
heat as a driving force. In this chapter, the design of a Kalina Cycle using zeotropic mixture of ammonia/water
as the working fluid is conducted with a focus on the temperature glide. In addition, a combined power
generation system integrated an absorption heat pump into Kalina Cycle is designed, and its power generation
performance and cost are evaluated.

Chapter 4: Design of a micro ORC with zeotropic mixture using temperature glide

A variety of zeotropic mixtures have been proposed for ORC, including ammonia water. However, few
studies have focused on temperature glide while designing the cycle. Moreover, effect of type of working
fluid on the temperature glide is not clarified. In addition, most of the previous studies have focused on heat
sources that are plateful and few have intended the low flow rate of heat source. It can be assumed that
renewable energy may not be available in sufficient flow rates. Thus, when the flow rate of the heat source
is low (less than 100 I/min), it becomes sensible heat source with large temperature change during heat
exchange. In this case, although the outlet temperature of the high temperature heat source is lower than that
of the low temperature heat source, which makes it difficult to operate the system, the use of temperature
glide has potential that can be generated electricity. In this chapter, three working fluids, butane/pentane,
butane/ethanol, butane/1-propanol, which have different vapor-liquid equilibrium, are selected and used to
design a micro ORC, and a case study is conducted with the heat source flow rate as a parameter.

Chapter 5: Design of a power generation process using separation membrane (micro Lorenz cycle)

Since the slope of the temperature glide differs between the sensible and latent heat portions, it is difficult
to perfectly match the profile with the heat source. In this study focused on the Organic Flash Cycle (OFC).
In the OFC, only the sensible heat of the working fluid is supplied to the cycle, in which steam is produced
by depressurizing the heated fluid. It is easy to match the temperature glide to heat source, because only
sensible heat supplied. However, the OFC require a heat exchanger and a flash tank for depressurization and
vapor-liquid separation in order to produce steam, it has possible that can be increased the cost of power
generation. This study focused on the separation process as a technology that enables heat exchange and
vapor-liquid separation. Among them, the membrane separation process, in which the pressure difference is
the driving force, has the potential to be applied to the power generation cycle. Therefore, in this study
proposed a power generation system based on an OFC using a separation membrane that can simultaneously
heat exchange and separate vapor and liquid.

Chapter 6: Summary
In this chapter, the summary of this chapter is indicated.
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