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Pump Condenser

—p Heating fluid
p— 13 — High-concentration ammonia-water
' . —— Basic concentration ammonia-water
— Low-concentration ammonia-water

1 — 2 : Isobaric heating

2 — 3 : NH,(OH) — NH,(g)

3 — 5 : Isentropic expansion

2 — 4 : NH,(OH)

4 — 6 : Isobaric cooling

“.* 6 — 7 : Isenthalpic expansion

8 — 9 : Isobaric cooling

9 — 10 : Isobaric cooling

10 — 11 : Isentropic compression
11 — 12 : Isobaric heating (preheat)
12 — 1 : Isobaric heating (preheat)
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Heat source temperature at 393 K
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Thermal efficiency, %
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Optimization Kalina Cycle for Power Generation
Efficiency Using Genetic Algorithm

Wun-Hao Yang' Ming-Yi Lin'  Wei-Hung Shih®
Zong-Sin Liou>  Wun-Jie Wu*  Yu-Bin Chen”™

ABSTRACT

Industrial waste heat, biomass heat, geothermal heat, and solar thermal energy belong to low-
temperature thermal energy resources. They were rarely used for power generation in the past and were
completely wasted due to their low power conversion efficiency. However, their utilization can reduce the
proportion of thermal power generation in Taiwan if the power generation efficiency can be enlarged. The
utilization can even further reduce greenhouse gas emissions and air pollution. Because the temperature of
the medium and low temperature heat source, the thermal efficiency of the working elements of the power
generation system, and environmental conditions are all different, the commonly used way to improve the
power generation efficiency is to connect different types of thermal cycles to improve the power generation
efficiency through different working fluids in the cycle. However, it will increase the scope, number and
complexity of variable parameters. In order to systematically solve the multi-parameter optimization
problem, this study combined the optimization theory with the thermal properties database to write a
program. It will optimize the common low-temperature heat source power generation cycle (Kalina cycle)
within the known parameters (expander inlet pressure, temperature, working fluid concentration) to improve
power generation efficiency. In this study, the above thermal cycle is first established into a numerical
thermal model, which reproduces the results of previous literature to verify the accuracy of the thermal
model. Then, the model is combined with a self-written genetic algorithm code to optimize the important
parameters of thermal model. Finally, a set of optimized parameters is obtained, so that the optimal power
generation efficiency obtained by the Karina cycle is 14.652%. The results of this research prove that the
genetic algorithm can effectively solve the multi-parameter optimization problem and help design the cycle
system to achieve the best efficiency.

Keywords: low-temperature heat source power generation, ammonia solution, Kalina cycle, genetic
algorithm, thermal efficiency.
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