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WASU PIRIYAKULWAT : OPTIMAL CONTROL STRATEGY FOR A
COOLING SYSTEM OF AN ORC POWER PLANT FOR WASTE HEAT
RECOVERY. THESIS ADVISOR : ASST. PROF. ATIT KOONSRISUK,

Ph.D., 78 PP.

ORGANIC RANKINE CYCLE/LOW TEMPERATURE WASTE HEAT/BOILER/

COOLING SYSTEM

This study numerically examines a possibility of using the exhaust gas from the
boilers of Suranaree University of Technology Hospital (SUTH) as a heat source for
an Organic Rankine Cycle (ORC) power plant. Two configurations of the ORC power

plant were chosen: the basic ORC and the Trilateral (TLC) ORC cycle, and simulated.
| Also, six promising fluids were tested as.the working fluids for these 2 power plants.
In addition, the wet cooling tower and the air-cooled condenser were stimulated as
the cooling system of these 2 power plants. The ultimate objective of this study is to
determine the optimal plant configuration and then to determine the optimal control
strategy of that plant using Nakhon Ratchasima’s weather conditions.

First, a computational ¢ode was developed and validated with a result taken
from the literature. The golden section method was used to search for an optimum
operating condition that provides a highest net power output for the prescribed heat
source temperature, heat sink temperature, and pinch point temperature differences in
the design and off-design conditions. It was found that the TLC power plant provides
higher net power output than that of the ORC power plant. An economic analysis

reveals that a Levelized Cost of Electricity (LCOE) of TLC power plant with R1233zd



as its working fluid that uses a wet cooling system is the promising choice for this study.
When using 12 boilers, its LCOE is about 5.5 Baht/kW-hr.

Several different pairs of dry-bulb temperature and relative humidity were
selected from the measured weather conditions of Nakhon Ratchasima recorded by
the Thai Meteorological Department. The operating condition of the power plant that
provides the highest net power output for each weather pair was searched. The operating
conditions for all weather pairs were proposed as the optimal control strategy of this
power plant configuration were proposed. It was found that the relative humidity is the
key factor. When the relative humidity is moderate while the temperature is relatively
high, the flowrates of cooling air and cooling water are relatively moderate as the
evaporative cooling in the cooling tower can work well. However, when the relative
* humidity is high, the flowrates of cooling air and cooling water must be very high as
the evaporative cooling in the cooling tower is low.

When the relative humidity is lower than 67% the cooling system can operate
with low air mass flow rate because of the evaporation of the water. But when the relative
humidity is moré than 67% the evaporation of the water decreasing, a cooling tower needs

more air flow rate for increases:the sensible heat for rejects waste heat to atmosphere.
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