811

Chapter 31

Some Aspects of Energy
Efficiency for Refrigeration
and Air Conditioning

Abdeen Mustafa Omer
Energy Research Institute (ERI), UK

ABSTRACT

Over the years, all parts of a commercial refrigerator, such as the compressor, heat exchangers, refrig-
erant, and packaging, have been improved considerably due to the extensive research and development
efforts carried out by academia and industry. However, the achieved and anticipated improvement in
conventional refrigeration technology are incremental since this technology is already nearing its fun-
damentals limit of energy efficiency is described is ‘magnetic refrigeration’ which is an evolving cooling
technology. The word ‘green’ designates more than a colour. It is a way of life, one that is becoming
more and more common throughout the world. An interesting topic on ‘sustainable technologies for a
greener world’ details about what each technology is and how it achieves green goals. Recently, con-
ventional chillers using absorption technology consume energy for hot water generator but absorption
chillers carry no energy saving. With the aim of providing a single point solution for this dual purpose
application, a product is launched but can provide simultaneous chilling and heating using its vapour
absorption technology with 40% saving in heating energy. Using energy efficiency and managing cus-
tomer energy use has become an integral and valuable exercise. The reason for this is green technology
helps to sustain life on earth. This not only applies to humans but to plants, animals and the rest of the
ecosystem. Energy prices and consumption will always be on an upward trajectory. In fact, energy costs
have steadily risen over last decade and are expected to carry on doing so as consumption grows. This
article discusses the potential for such integrated systems in the stationary and portable power market
in response to the critical need for a cleaner energy technology for communities. Throughout the theme
several issues relating to renewable energies, environment and sustainable development are examined
Jfrom both current and future perspectives.
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INTRODUCTION

This section describes the different methods and techniques for providing energy for heating and cooling
systems. It also, covers the optimisation and improvement of the operation conditions of the heat cycles
and the performance of the ground source heat pump systems (GSHPs).

With the improvement of people’s living standards and the development of economies, heat pumps
have become widely used for air conditioning. The driver to this was that environmental problems as-
sociated with the use of refrigeration equipment, the ozone layer depletion and global warming are in-
creasingly becoming the main concerns in developed and developing countries alike. With development
and enlargement of the cities in cold regions, the conventional heating methods can severely pollute the
environment. In order to clean the cities, the governments drew many measures to restrict citizen heat-
ing by burning coal and oil and encourage them to use electric or gas-burning heating. New approaches
are being studied and solar-assisted reversible absorption heat pump for small power applications using
water-ammonia is under development (Luo, Tondeur, Le Gall, & Corbel, 2007).

An air-source heat pump is convenient to use and so it is a better method for electric heating. The
ambient temperature in winter is comparatively high in most regions, so heat pumps with high efficiency
can satisfy their heating requirement. On the other hand, a conventional heat pump is unable to meet
the heating requirement in severely cold regions anyway, because its heating capacity decreases rapidly
when ambient temperature is below -10°C. According to the weather data in cold regions, the air-source
heat pump for heating applications must operate for long times with high efficiency and reliability when
ambient temperature is as low as -15°C. Hence, much researches and developments have been conducted
to enable heat pumps to operate steadily with high efficiency and reliability in low temperature envi-
ronments (Luo, Fan, & Tondeur, 2007). For example, the burner of a room air conditioner, which uses
kerosene, was developed to improve the performance in low outside temperature (Philappacopoulus, &
Berndt, 2001). Similarly, the packaged heat pump with variable frequency scroll compressor was devel-
oped to realise high temperature air supply and high capacity even under the low ambient temperature
of —10 to —20°C (Jo, Katsumi, Benson, & Edil, 2001). Such a heat pump systems can be conveniently
used for heating in cold regions. However, the importance of targeting the low capacity range is clear if
one has in mind that the air conditioning units below 10 kW cooling account for more than 90% of the
total number of units installed in the EU (Anandarajah, 2003).

EARTH-ENERGY SYSTEMS (EESs)

The earth-energy systems, EESs, have two parts; a circuit of underground piping outside the house, and
a heat pump unit inside the house. And unlike the air-source heat pump, where one heat exchanger (and
frequently the compressor) is located outside, the entire GSHP unit for the EES is located inside the house.

The outdoor piping system can be either an open system or closed loop. An open system takes advan-
tage of the heat retained in an underground body of water. The water is drawn up through a well directly
to the heat exchanger, where its heat is extracted. The water is discharged either to an aboveground
body of water, such as a stream or pond, or back to the underground water body through a separate well.
Closed-loop systems, on the other hand, collect heat from the ground by means of a continuous loop of
piping buried underground. An antifreeze solution (or refrigerant in the case of a direct expansion ‘DX’
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