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Two innovative technologies for air conditioning plants will be presented: 

I. Integral purification of air from organic micropollutants by photocatalytic membranes

II. High power solid state cooling

I

The removal of organic contaminants in air for air conditioning plants has been the topic of major and continuing emphasis over the last decade. Among the existing technologies, photocatalytic processes, based on UV illumination in concert with anatase titanium dioxide and molecular oxygen can carry out the complete oxidation of organic pollutants to harmless carbon dioxide and water. Within these technologies, only effective immobilization of TiO2, as has been discovered and used by our research group, is able to undertake high yield performances.


Gas-solid photocatalytic studies on a series of representative organic molecules, as model compounds, are reported in the present Communication, particularly for spacecraft, aircraft, office and building air quality. A central class of offending chemicals are oxygenated compounds, such as aldehydes, ketones and alcohols, besides smoke components. 

As application to air treatment in habitable atmospheres is our focus, we also examined the importance of relative humidity, both with the aim of suppressing the formation of toxic intermediates, such as phosgene and carbon monoxide from chlorinated chemicals, and with the purpose of reaching high efficiencies of integral mineralization. 


The photoreactor was a cylindrical vessel, through which a continuous flow of contamined air reacts at the surface of inorganic or polymeric photocatalytic membranes, where reactive hydroxyl radicals are produced by irradiation. These radicals are able to mineralize organic contaminants of air completely, bypassing all negative drawbacks given by the use of chemical adsorbents. Actually, the use of active carbon, which is at present the most used technology, favours biological contamination of the treated air, while, by the use of UV-irradiation complete debacterization is an added value to the mineralization technology.


The ability of hydroxyl radicals produced onto the photocatalyst to react with any organic molecules, and transforming these latter into carbon dioxide and water, demonstrates the mineralization of alkanes, aromatics, chloroalkanes, oxygenated compounds, several odour-associated compounds, and virtually any organic chemical, thus indicating that all major class of trace oxidizable air contaminants may be candidates for catalytic destruction by these reactive, photocatalytic membranes.


The photocatalytic unit is relatively small and compact, so that it may be incorporated, very easily and efficiently, into any air conditioning plant, both for domestic and industrial appliances: furthermore, contrarily to the use of active carbon, which needs to be very frequently replaced, if its efficiency has to be maintained, both the photocatalytic membrane, which is autoregenerative, and the irradiating unit have a very long life, up to at least 8000 working hours. The cost of the whole photocatalytic system is finally modest, as compared to any other traditional adsorption system, if maintenance costs are considered.

II

The most used refrigeration technologies today are represented by vapor compression systems and absorption systems and both of them take advantage from the heat inherent to the physical state of fluids and from the heat exchanges necessary when the fluids change their state. These technologies are very efficient in term of COP but the progressive removal of halo-organic refrigerant gases under the 1987 Montreal Protocol on Substances that Deplete the Ozone Layer has created an urgent need for a refrigeration technology that does not use freon or related compounds.

Refrigeration is a major source of electricity consumption and there is little purpose to mitigate ozone destruction if in return, the greenhouse effect is intensified by an increase in electricity demand.  European Union (EU) legislation has imposed limits on the amount of electricity that can be consumed annually by an individual refrigerator inside EU countries. This legislation necessitates either a high coefficient of performance from the refrigerating system or very efficient thermal insulation on the refrigerator cabinet.

The solid state refrigeration technologies presented in this Communication has become a potentially attractive mode of refrigeration, promising high performances, low costs with the maximum safety and respect for environment.

The Coefficient of Performance (COP) of a Peltier module is defined in the same way as for a conventional refrigeration system, viz. Coefficient of Performance = Rate of heat extraction divided by Electrical Power input.  Critical materials parameters to ensure a high COP are a high thermo-electric coefficient to generate the cooling effect, a high electrical conductivity to suppress Ohmic heating and a low thermal conductivity to prevent much heat being conducted from the hot side of the module to the cold side of the module.

As a consequence the three main properties of a thermoelectric material are condensed in the following equation:

Z =   or alternatively, ZT = 
Where  is the electrical conductibility.
Large scale cooling applications, such as air-conditioning and refrigeration in the kilowatt range, have been attempted and technically functional systems were developed to cool trains, helicopters and aircraft. Small volume applications such as the train drivers cab where convenience and lack of moving parts overweighed considerations of power consumption were found to be appropriate for thermo-electric air conditioning. A refrigerator (without freezer) was developed for hotel bedrooms where the air-conditioning prevents over-heating on hot summer days and the lack of compressor noise is considered a major asset.  This thermo-electric refrigerator is now sold in Japan to hotels as a quiet and non-polluting food storage system for hotel rooms.

The energy efficiency or coefficient of performance of the thermo-electric refrigerator remains a major consideration.  A well-designed thermo-electric system can offer a higher coefficient of performance,  with 1,6-1,8, than an absorption refrigerator with 1,0-1,2.

Thermo-electric refrigerating technologies can be usefully classified according to the mode of heat transfer from the hot and cold faces of the Peltier module.  The simplest systems involve air-air cooling on both the hot and cold sides. Systems with liquid-liquid or liquid-air cooling on both the hot and cold sides or more advanced systems with heat pipes cooling on the hot side are also available. 

The main advantage of air-cooling is simplicity since only fins and a fan are required but the major disadvantage is given by a reduced thermal efficiency. A liquid-liquid heat transfer system for the Peltier module usually involves a liquid coolant which transfers heat from the module to the air by a radiator but these systems are typically expensive. As a consequence heat pipes exchangers are preferred in order to perform high efficiencies at low cost. If we keep the temperature of the hot side low,  the Peltier module is then able to work at close to its optimum thermodynamic efficiency thus reducing electricity consumption to practicable levels.  

The level of interest in these engineering problems is intensifying as the efforts of physicists and materials scientists produce thermo-electric materials with usefully high levels of performance. In a thermoelectric cooling system, however, the key factor to improve energy efficiency is an efficient heat transfer.  

Thermoelectric coolers have many advantages over conventional refrigerators, including the fact that no moving parts are involved, and no fluid is necessary.  It is a quiet, reliable and compact solid-state cooler.  However, it has a smaller efficiency than a compressor system and only a small temperature difference can be maintained in a single stage thermoelectric cooler.  To raise the efficiency, it is important to reduce the thermal conductivity and electrical resistivity of the thermoelectric material as much as possible.  Since electrons serve as both heat and charge carriers in solids, it has been a difficult task to find a good thermoelectric material.

Thermionic emission across a vacuum gap promises to solve these material problems. 1) There is no ohmic resistivity because electrons travel ballistically once they are emitted to vacuum.  2) There is no lattice thermal conductivity, thermal conduction is only by radiation. However, in order to have a reasonable amount of current ((1 A/cm2) at room temperature, a material with work function of 0.4 eV or less is necessary.  Typical metals have work functions ~2-5 eV, and metals coated with alkali metals are reported to have work function of 1-1.5eV. Conventional thermionic devices are operated at high temperature (>1000(C) in Cs vapor, with cathode-anode distance in sub-mm range. As long as the cooling emission is larger than the heating emission , the cathode is cooled. Thus, there seems to be a window of opportunity for thermionic emission at room temperature. Starting with material which has a work function of around 1.0 eV, we can effectively reduce the barrier height to ~0.4 eV by controlling the cathode-anode distance in nanometer range and applying a moderate voltage.  One of the goals of this research is to observe a signal of thermionic emission at room temperature and this technology promises COP in the range of 3-4.
To sum up, thermoelectric or thermotunneling refrigeration are likely to become a significant form of domestic refrigeration within the medium term, because of the need to avoid refrigerating fluids that are hostile to the environment.

Precise control of temperature for better food preservation, low noise and a reduced number of moving parts are also significant benefits of these solid state refrigeration systems.

A common task for these two solid state technologies is the enhancement of the heat transfer between the hot and cold faces.

In every case the energy consumption of solid state refrigeration systems can be reduced to moderate levels with further improvements in the heat transfer using heat pipes exchanger charged with low boiling fluids under vacuum.
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