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A simulation model on efficiency and energy potential of a solar thermal pumping

system in Thailand
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Abstract

The average total solar radiation in Thailand is found to be
18.2 MJ/mZ-day. It implies high potential for solar heating
solar thermal

applications. The application on

pumping
technology has become very interesting as a result of the present
very high fuel cost. However, the research on the solar thermal
pumping systems in Thailand has not been widespread. Only two
experimental investigations were found from literature reviews;
one was carried out by the Asian Institute of Technology (AIT) in
1979 and the other by the Electricity Generation Authority of
Thailand (EGAT) in 2005. The AIT system with 1.4 m’ of collector
area could increase the working fluid pressure in the collector to
be 240 kN/m2 and provide a water flow of 4.3 liters per minute
(Ipm) at a height of 3 m and of 2.8 Ipm at a height of 6 m. Its
thermal efficiency was found to be only 0.39% at an average
solar intensity of 593 W/m>. The EGAT system with 4 m’ could
pump water at a height of 6 m with an average water flow rate of
5.41 Ipm (2300 liters/day). Its thermal efficiency was in the range
of 0.21 — 0.25% for an average solar intensity of 800 W/mz.

This paper presents a simulation model for calculating the
year-round thermal performance and efficiency of a solar thermal
pumping system operated under a given set of annual weather
data of Thailand. The simulation has been done on a system
similar to that of EGAT which consists of a 4 m" collector area, a
storage tank of fluid, a condenser and a diaphragm pump. The
simulation shows that the solar thermal pumping system with a
flat plate collector using the isopentane as a working fluid can
deliver water at an average flow rate of 2,351 Ipm. The maximum
pressure drop across the diaphragm pump of about 1.34 bar
(gauge) appears mostly 12.00 pm with an average ambient
temperature of 28 °C. The year-round efficiency of the system is
found to be only 0.203%. The system can produce an amount of
energy equivalent to 50.5 MJ/year when the available solar
insolation is 25,008.4 MJ/year. The results also shows that solar
thermal pumping system can produce the energy at an equal
amount of electrical energy provided by an electrical pumping
system (assuming that the motor efficiency of 90% and a

conversion of 3.6 MJ/unit is used) of 14.03 kWh/year or 0.83

Bath/MJ (basing on an electrical energy retail price is 3
Bath/kWh) and of crude oil (heating value of 39.77 MJ/liter) of
1.41 liters/year or 0.55 Bath/year (at crude oil price of 70 US$/bbl
and bunker oil price of 22 Bath/liter). If the solar thermal pumping
system is planned to be used in rural areas, further investigations
on the cost comparisons should be done against the pumping
system using diesel or gasoline engines and the photovoltaic

pumping systems, which have presently been widely adopted.
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