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Investigation of potential energy savings and payback ratio in renewing old
split-type and window-type air-conditioners

Abstract

The Kingdom of Saudi Arabia has been in rapid economic and population growth in recent years
which resulted in electricity consumption surge. Air-conditioners (A/Cs) were reported to be
responsible for 50% of the electricity consumption in the Kingdom due to hot weather
conditions as well as the delay in implementing minimum performance standards for A/Cs. One
of the challenges facing the electric consumption current status is that most of the installed A/Cs
in existing buildings, whether residential, commercial or governmental, are old and have been
installed before regulations and standards by Saudi Standards, Meteorological and Quality
Organization (SASO) for A/Cs systems were enforced in 2013. In addition, the performance of
pre-standards A/Cs under high temperature were not tested. Renewing old A/Cs with new and
efficient ones could save half of the electricity consumption which would reduce utility bill for
building owners as well as reduce the load on the utility company. Since the load reduction
would be during peak period, power outage would be reduced. Furthermore, new A/Cs units are
equipped with more environmentally friendly refrigerant, R-410A, than the old A/C, R-22,
which has been phased-out in developed countries. When R22 is compared against R410A in
new units, R22 AC has 5% to 15% gain in COP and 5% gain in capacity compared to R-410A
is reported in the literature. In this research, six used split units and eight used window units
with rated capacity of 18,000 Btu/hr, that had been in operation from 3 to 32 years, were tested
in SASO A/C testing chamber and their performances were compared against new split units.

In regards to split units, testing results show that EER and cooling capacity of the used split-
type units compared to the new one are 68% and 93%, respectively. Such performance
degradation would be more profound if new units use R22 instead of R410a. Payback ratios
were investigated for different annual operation hours and for different electricity rate,
representing different sectors. For the lowest residential tariff (SR0.05/kWh), average payback
ratio is between 16 to 48 years which means it is not feasible for building owners to replace the
existing split unit. For the second residential tariff (SR0.1/kWh), average payback ratio is
between 8 to 24 years which means it is still not feasible for a building owner to replace the
existing unit. If the government subsidized the unit by SR500, average payback ratio would be
between 6 to 19 years. However, payback ratio becomes very attractive, as low as 2 years,
for commercial building owner (SR0.16-0.24/kWh) and governmental building owner
(SR0.32/kWh). From the payback analysis, a map was developed showing economically
feasible split unit replacement regions for different desired payback ratios at different
operation hours and electricity rates. The developed map can help the government or a
building owner on when to replace existing split units. Furthermore, the effect of
replacing the used compressor, which is the heart of an A/C, with a new rotary
compressor was investigated on only one split unit. Results show that compressor
replacement improved the used split unit EER by 9% and capacity by 3%.
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In regards to window units, testing results show that average EER and cooling capacity of the
used window-type units compared to the new one are 55% and 77%, respectively. For the lowest
residential tariff (SR0.05/kWh), average payback ratio is between 8 to 23 years which means it
is not feasible for a building owner to replace the existing split unit. For the second residential
tariff (SR0O.1/kWh), average payback ratio is between 4 to 11 years which means it is still not
feasible for a building owner to replace the existing unit. If the government subsidized the unit
by SR500, average payback ratio would be between 3 to 8 years. However, payback ratio
becomes very attractive, as low as 1 year, for commercial building owner (SR0.16-0.24/kWh)
and governmental building owner (SR0.32/kWh). A map was developed showing economically
feasible window unit replacement regions for different desired payback ratios at different
operation hours and electricity rates. The developed map can help the government or a building
owner on when to replace existing window units. Furthermore, the effect of replacing the used
compressor with a new rotary compressor was investigated on only two window units. Results
show that compressor replacement improved the used split unit EER by 21.1% and capacity by
20.5%. The research conducted in this project can be used by decision makers to assess the
situation of millions A/Cs and possibly review the electricity prices and how government
subsidize are given.
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