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1. Project Objectives 
 

The objective of this project is to evaluate a solar installation that is used to cool 
the air that is taking it from the outside of the same building that the installation is 
located. We can see better that the system it's made for two main parts, the first one is 
used to catch the solar energy that is coming from the sun and this energy is used to heat 
the air. This air is led through of pipes from the roof of the building till the air cool 
system. This is the second part of the installation the air cool system. This part of the 
system is taking, natural air from outside and is led through pipes till a filter, in this 
filter the particle that the air contains are cached with this filter. The next step we can 
say that is in the rotor, in this part the air that is coming for the filter and the hot air that 
is coming from the solar installation are passing through the rotor and the hot air is used 
to dry the air from the filter. We can say that the energy that is take it from the sun is 
used to heat the air and this energy in form of warm is used to get dry the air. So we can 
see more or less that this is the process explained in general concept. 

 

After this short introduction about how is working the system that we need to 
evaluate, we can say that this project consist in to evaluate this installation and calculate 
the efficiency energetic, so first of all we can start to talk about the solar energy and the 
main applications for this technology. So we will make in the first part of the project a 
theoretical part and we will describe the kinds of solar energies and the comparison 
between the solar energy in Poland and Spain, some parameters that are important to 
define the installations, the law as concerning to the solar installations, etc.. 
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2. Theoretical Information about Solar Energy 
 

In this part of the project I would like to start talking about some theoretical 
information about the solar energy, this means how is working, where we can obtain o 
may better let me to say how is providing it. Also we will talk about the benefits of this 
energy and how much it is the availability of it. After that we have recognised where 
comes it from we can talk also about the methods of storage, kind of secondary energy I 
mean secondary because from the sun we can obtain another kind of energy like heat, 
light. In the last term also the main parameters that are conditioning the use of this 
energy as clime which involves levels of irradiation, wind, temperatures, etc... For this 
reason we have put more emphasis in the Spanish and Polish climate because is the two 
countries that we are interested.  

 

So first of all we pass to talk about some introduction information, I mean some 
general information about solar energy.  

 

2.1 Introduction to Solar Energy 

 

Solar energy is the energy provided by the sun through his radiation and that is 
disseminated, directly or diffusely, in the atmosphere [1]. This means first of all that this 
energy has existed all the time from the creation of the universe and also we can 
consider that will exist for a long time. So why if the sun is a energy that we could say 
that is “infinite” if we talk in years of availability and even more as we will see after in 
the next points the power available is huge if we compare with all the others sources of 
energy available in the planet. Then we could say that this two main points are the two 
one that made the sun one of the most attractive forms of use the energy.  

 

Solar energy has been harnessed by humans since ancient times using a range of 
ever-evolving technologies. Solar radiation, with secondary solar-powered resources 
such as wind, wave power, hydroelectricity and biomass, account for most of the 
available renewable energy on earth [2]. Only a minuscule fraction of the available solar 
energy is used for this reason the humanity is in constant evolution of the search inside 
of this field for the huge potential that the solar energy has. Like we could see the sun is 
providing trough the sun different kind of energy because the biomass is one of them 
because the main mechanism of formation is trough the sun because trough the 
photosynthesis the plants are growing and the sun is the maximum responsible.   
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Solar technologies are broadly characterized as either passive solar or active solar 
depending on the way they capture, convert and distribute solar energy. Active solar 
techniques include the use of photovoltaic panels and solar thermal collectors to harness 
the energy. Passive solar techniques include orienting a building to the Sun, selecting 
materials with favourable thermal mass or light dispersing properties, and designing 
spaces that naturally circulate air [3]. So we can see that we have two kind of processes 
of solar energy in our case the passive technology in our days is growing more than the 
active energy because is used to produce heat and electricity trough the capitation of the 
sun in the solar panels and the solar cooling systems are working with solar panels that 
are providing the energy necessary to take away the humidity of the air, condition that is 
necessary to obtain a good operation of the system.    

 

Another point that we have to consider is that the power of the radiation changes 
according to time of day, weather conditions and latitude. It can be assumed that 
irradiation in good value is approximately 1000 W/  on land [4]. The power is known 
as irradiance. But it not simple because the irradiation is coming for the sun and is 
impacting in the solar panels but exists some obstacles as clouds, reflections for the 
pollution of the ozone layer. For example the diffuse irradiation is issued by the daytime 
sky due to the multiple phenomena of solar reflection and refraction in the atmosphere. 
Direct radiation can be reflected and concentrated for use, while it is not possible to 
concentrate the diffused light coming from all directions. We will talk in the next points 
about the breakdown of the incoming solar energy. 

 

Like we have said the solar radiation can be exploited by heat produced through 
the absorption of radiation, e.g. optical. It is called renewable energy, particularly clean 
group, as known as clean energy or green energy. But we have not talked yet about the 
panels but we have considered that energy “green” but also we have to consider that the 
manufacture of the panels and also the process of recycling have to be consider. For this 
reason with the variability of the availability of the sun the solar installations are in the 
present a kind of energy expensive. For this reason the studies of viability of the 
installation has to be considered even more if the solar installation is a part of the 
ensemble of the system I mean for example a solar installation that is made for supply 
heat for a process of heat water if the installation is not made correctly the performance 
of the installation and even worst the behaviour of the system can be bad.  

 

After this introduction I would like to introduce another important point that we 
have talked and is about the irradiation of the sun and the variability in it. Why the sun 
has not a constant value of irradiation and why can obtain the level of irradiation that we 
have in the sun for example.  
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2.2 Breakdown of the incoming solar energy 

 

The Earth receives 174 petawatts (1015 watts) of incoming solar radiation at the 
upper atmosphere. Approximately 30% is reflected back to space while the rest is 
absorbed by clouds, oceans and land masses. The spectrum of solar light at the Earth's 
surface is mostly spread across the visible and near-infrared ranges with a small part in 
the near-ultraviolet [5]. 

 

We have to remember that the Sun emits a broad range of frequencies, from high-
energy X-rays and ultraviolet radiation, through visible light, on down the spectrum to 
the lower energy infrared and radio waves. Different wavelengths of this solar radiation 
behave differently as they enter our atmosphere. All of the high-energy X-rays are 
absorbed by our atmosphere. Likewise, most of the ultraviolet radiation (especially the 
highest energy, shortest wavelength regions of the ultraviolet spectrum) is blocked by 
the thermosphere, mesosphere, and stratosphere. A relatively narrow of electromagnetic 
wavelengths around visible light reaches the ground. It includes some of the longer 
wavelength ultraviolet frequencies and the entire visible light region of the spectrum. 
Most of the longer wavelength waves, and many of the shorter radio waves, are 
absorbed by the stratosphere before reaching the ground. The longest wavelength radio 
waves also fail to penetrate the atmosphere; many are absorbed or reflected by the 
ionosphere [6]. 

 

Also the temperature has some effects in the radiation of the sun because the 
temperature changes the properties of air at different levels and also the chemical 
composition has effects in the level of irradiation. 

 

So the temperature of the various layers of Earth's atmosphere rises and falls as 
one moves upward from the ground. First the temperature drops as we move upward 
through the troposphere; then it rises as we rise through the stratosphere; then it falls 
again through the mesosphere, only to rise again in the thermosphere. Near the Earth's 
surface, the sunlight that does reach the ground warms the Earth, which in turn warms 
the air immediately above it. So the troposphere is warmest next to the warm ground, 
and cooler higher up away from the warm ground. However, in the stratosphere, the 
ozone layer is especially good at absorbing ultraviolet radiation; which shields us from 
most of these high-energy rays. The air varies in its chemical composition at different 
altitudes; and various chemical species absorb different electromagnetic wavelengths. 
Wherever there is the right combination of certain chemicals the atmosphere absorbs a 
lot of energy and its temperature rises [6].  
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In the last point also certain elements emit specific electromagnetic wavelengths 
of radiation, certain elements and compounds preferentially absorb certain specific 
wavelengths. In this sense, Earth's atmosphere is sort of the "flip side" of the Sun's 
atmosphere [6]. 

 

So in the next graphic we can see the different ways which the irradiation of the 
sun is losing and the irradiation of the sun till the earth surface. All the explanations that 
we have seen before are described in the next graphic and we can say that the incoming 
solar energy is about 174PW but for different circumstances as the temperature in the 
different levels, the micro clime that is in the different levels I mean because the 
different concentrations of chemical products are producing deflections and absorptions 
in the radiation and also some specific elements that are interposed in the atmosphere 
has effects in the levels of the irradiation, because of that we can see the draw of the 
levels of irradiation that can be used for the different installations: 

 
Figure [1.1.]: Scheme with the Breakdown of the incoming solar energy [7]. 

 

As we have seen the Earth's land surface, oceans and atmosphere absorb solar 
radiation, and this raises their temperature. Warm air containing evaporated water from 
the oceans rises, causing atmospheric circulation or convection. When the air reaches a 
high altitude, where the temperature is low and water vapour condenses into clouds, 
which rain onto the Earth's surface. Sunlight absorbed by the oceans and land masses 
keeps the surface at an average temperature of 14 °C. By photosynthesis green plants 
convert solar energy into chemical energy, which produces food, wood and the biomass 
from which fossil fuels are derived [3]. 



                   Solar Evaporative Desiccant cooling system   

 

9 

So in the next table we can 
see some values about how many 
energy we are talking about. The 
total solar energy absorbed by 
Earth's atmosphere, oceans and 
land masses is approximately 
3,850,000 exajoules (EJ) per 
year. Photosynthesis captures 
approximately 3,000 EJ per year 
in biomass [3].  

Table [1.1.]: Amount of energy that provides 
from the sun. 

 

The amount of solar energy reaching the surface of the planet is so vast that in one 
year it is about twice as much as will ever be obtained from all of the Earth's non-
renewable resources of coal, oil, natural gas, and mined uranium combined [3].  

 

Now we can pass to talk about the different parameters that are important for the 
solar energy I mean the son like a source of energy for the solar installations.  

 

2.3 How is solar energy used  

 

Through various processes, solar energy can be transformed into another form of 
useful energy for human activity in heat, electricity or biomass. Now in the next 
paragraphs I would like to show the main technologies.  

 

We have said that the solar technologies are characterized as either passive or 
active depending on the way they capture, convert and distribute sunlight. So we have a 
classification of the solar energy and this may be is one of the best ways to understand 
the different technologies that are used to obtain energy from the sun:  

 

 The active solar techniques use photovoltaic panels, pumps, and fans to 
convert sunlight into useful outputs.  
 

 Passive solar techniques include selecting materials with favourable thermal 
properties, designing spaces that naturally circulate air, and referencing the 
position of a building to the Sun.  
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Active solar technologies increase the supply of energy by the other hand the 
passive solar technologies are helping to reduce the necessity of energy. I mean that 
both technologies are good ways to save power but in the passive technology also are 
preventing the necessity of use of more energy. In the active technologies only are 
supplying the necessity of energy by the “natural way” I mean without the necessity of 
conventional sources.  

 

Now we can pass to talk about the different kinds of main technologies that from 
the sun are supplied: 

 

 Solar energy works by converting the sun's rays into electricity with the use of solar 
panels to supply power to the appliances use in our homes. Solar power electrical 
generation relies on heat engines and photovoltaics. The term "photovoltaic" refers 
to the physical phenomenon - the photovoltaic effect - or to the associated 
technology.→ Photovoltaic solar energy: Refers to electricity produced by the 
conversion of a portion of solar radiation with a photocell (which is an electronic 
component, exposed to light (photons), and generates voltage). Several cells are 
connected together in a photovoltaic module. And then, several modules are 
grouped to form a solar system for single or a photovoltaic solar power plant, which 
supplies electricity distribution network.  
 

 Solar energy works by converting the sun's rays into heat with the use of solar 
thermal collectors for warming water. It comes in different forms: thermodynamic 
solar plants, hot water and heating, cooling, solar cookers and solar dryers. Solar 
thermal power is a technique that uses solar energy to generate electricity [1]. 

 
 Solar energy works by converting the sun's rays into hot and cold air trough rotary 

heat exchangers and desiccant wheels for heating and cooling buildings with the 
use of solar thermal collectors. This is the kind of energy that we will talk about 
more because is the purpose of this project. 

 

 Passive Solar Energy: The earliest use of solar energy is to benefit the direct input 
of solar radiation and is called passive solar energy. For a building to benefit from 
good sunlight, it must take account of solar energy in architectural design: double 
facade, facing south and glass surfaces, among others. The thermal insulation plays 
an important role to optimize the proportion of the available passive solar heating 
and lighting of a building. A house or a building having passive solar energy will be 
contributing to a significant energy savings [1]. 

 

After this explanations about the different ways to obtain energy useful to supply 
the different processes that are made to obtain another kind of energy as heat and 
electricity. Now we can pass to talk about the different advantages of the use of solar 
energy.  
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2.4 Advantages of the use of solar energy 

 

There are many advantages of solar energy. 

 

 Solar energy is a renewable resource. Although it cannot be utilized at night or on 
cloudy days, its availability may be generally every day or almost. The solar energy 
supply will last as long as the sun. 
 

 Solar energy is non-polluting. Of all the advantages of solar energy over oil, this is 
perhaps the most important. The burning of oil releases carbon dioxide and other 
greenhouse gases into the air [8].  

 
 There are some applications as solar cells are long-lasting and require very little 

maintenance [8]. 
 

 Although solar panels and their accessories (solar lights, etc.) may be expensive to 
buy at the onset, money is saved in the long run. This is because energy from the 
sun is widely available and frees [8]. 

.  

The many advantages of solar energy range from benefiting your pocketbook to 
benefiting the environment. In contrast, few features could be considered disadvantages. 
These include the current costliness of solar cells, as well as the fact that solar power 
cannot be created at night or on darkened days (though it can be stored during brighter 
times.) Still, the advantages of solar energy far outweigh the disadvantages. In addition 
to this, the disadvantages are sure to be overcome as technology improves [8] 

. 

Let me now to move to the next part of the introduction after the different 
characteristics of the sun and the energy I would like to talk about the effects and the 
parameters that are very important for the solar energy and which have to be considered 
when we want to install a solar installation.  
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2.5 Parameters of the Solar Energy 

 

The different parameters concerning about the solar installations we can pass to 
explain now because these parameters are important for try to calculate the performance 
of the installation and to evaluate at the beginning who much is the installation 
profitable. Even more this parameters these parameters determine the choice of the 
components of the installation for example the solar panels. For example the intensity of 
energy available at a given point on earth depends on the day of the year, the time and 
latitude. Furthermore, the amount of energy that can be collected depends on the 
orientation of the receiving device. So we can pass to talk about it. 

 

o Solar radiation: is the flow of energy we receive from the sun in the form of 
electromagnetic waves of different frequencies (visible light, infrared and 
ultraviolet). Depending on how solar radiation they receive the objects at the earth's 
surface, we can distinguish these types of radiation: 

 
 Direct radiation. Is one that comes directly from the sun without having 

undergone any change in its direction. This type of radiation is characterized 
by projecting a shadow set of opaque objects that intersect. 
 

 Reflected radiation: The radiation is reflected, as its name suggests, this 
reflected by the Earth's surface. The amount of radiation depends on the 
reflectance of the surface.  

 
 Diffuse radiation: Part of the radiation that passes through the atmosphere is 

reflected by clouds or absorbed by them. This radiation, called Diffuse, going 
in all directions, as a result of reflection and absorption, not only the clouds but 
the particles of atmospheric dust, mountains, the ground itself, and so on. 

 
 Radiation: Is the total radiation. It is the sum of the three radiations. On a 

clear day with clear sky, direct radiation is predominant over the diffuse 
radiation. By contrast, on a cloudy day there is no direct radiation and the total 
incident radiation is diffuse. 
 

This is one of the parameter that we have to consider because as we can see in the 
next graphic the average of insolation in Poland is different from Spain. An even worst 
in Spain we have different parts of insolation distributed for the land and in Poland has 
the same level of average of insolation.  
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Now we are going to make a comparison between solar radiation in Spain and 
solar radiation in Poland. If we start talking about the solar radiation in Spain we can 
see that the map below represents the solar energy balance of each province the energy 
in kWh per m2 of horizontal surface in a year, the map represents the number of hours 
of sun shine. Generally, the measures usually refer to the capital, so that the values for 
other parts of the province may be different. As seen in previous maps, Spain has a high 
altitude solar radiation. 

 
 

Now if we talk about solar radiation in Poland we can see that The intensity of 
solar radiation is obviously different in different regions of the country and ranges from 
900-1200 kWh/m2 kWh/m2.  Differences in the intensity of solar radiation in different 
parts of the Polish are so small that it does not matter which part of our country will be 
fitted with solar panels. 
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In the photograph below we can see the average insolation in the entire world: 

 
Graphic: Average insolation showing land area. 

 

 
Graphic: Average insolation showing land area [6]. 

 

o The sunshine duration: The sunshine duration is the period during which the sun 
remains above the horizon, is expressed in hours. Day length is variable in space 
and time and depends on solar declination and latitude. The solar declination is the 
angle formed by the rays from the sun and the equatorial plane. 
 
 
 

http://en.wikipedia.org/wiki/Insolation�
http://en.wikipedia.org/wiki/Insolation�
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o Movement of the sun: This circumstance is very important when we talk about 
solar energy collection. The earth draws an ellipse around the sun, which, together 
with other types of movements, causes the earth have different positions depending 
on the season. Let's see what these types of motion: 
 
 Translational: the elliptical motion that is the earth round the sun. The 

duration of one complete revolution is 365 days, 6 hours, 9 minutes and 10 
seconds. Being an elliptical orbit causes the planet is at some point farther 
from the sun is called aphelion and occurs in July. However, at the time 
closest to the sun is called perihelion and occurs in January. 
 

 Rotation: The movement that made the earth on its axis. The axle passes 
between two poles. This phenomenon lasts 23 hours, 56 minutes and 4 
seconds, is called a sidereal day. The rotation is another phenomenon called 
skew elliptical, which are 23.5° inclination. This tilt is what causes the 
seasons because of the angle of incidence of solar radiation. 

 

Now we can pass to talk about the differences that have everyone of the countries 
I mean Poland and Spain and we can try to define all of these parameters for everyone.  

 

2.6 Description of the climate 

 

2.6.1 Introduction to the Spanish Climate 

 

Spain is between 36 º and 46 º N and in the west facade of the continent; the 
Iberian Peninsula has a Mediterranean climate, but is also affected in the north-
western front, by the maritime climate of the western Atlantic coast. There is also the 
dry subtropical climate in Almeria and Murcia, and the dry and humid tropical 
climate, the Canary Islands. So we can explain a little the characteristics of every one of 
these climates: 

 

o The oceanic climate: also called Atlantic, this climate extends across the north and 
northwest of the peninsula from the Pyrenees to Galicia. It is characterized by 
abundant rainfall, which rarely exceeds 1000 mm, distributed regularly throughout 
the year. For that reason, the landscape is very green. Temperatures are generally 
mild due to the proximity of the sea in winter range from range 12 ° C and 15 ° C 
and in summer are around 20-25 ° C [3]. 
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o The Mediterranean climate: This climate is dominant in Spain, which extends 
along the entire Mediterranean coast, the interior of the peninsula and the Balearic 
archipelago. However, there are considerable differences in some areas and others, 
which leads to three subdivisions: 
 
 The typical Mediterranean climate: Covers much of the coast of the same 

name, some interior areas, Ceuta, Melilla and Baleares. Las rains are 
irregular and are particularly concentrated in autumn and spring. Winters are 
short and mild while summers are long and hot. The average annual 
temperature is between 15 ° C and 18 ° C.  

 

 The continentalized Mediterranean climate: Located in the Meseta, the 
depression of the Ebro and Guadalquivir. It is characterized by very extreme 
temperatures between 25 ° C and -13 ° C. The winters are long and very cold 
and very hot summers. Rainfall is scarce, and appears as a storm in the 
months of July and August. 

 

 The dry Mediterranean climate. Occurs mainly in the southeast of the 
territory in the areas of Murcia, Alicante and Almeria. Rain is extremely 
scarce, making these areas very dry areas, and frequent long periods of 
drought. Temperatures are similar to the typical Mediterranean, although the 
summer heat is often more intense. 

 
o The subtropical climate: This climate appears only in the Canary Islands due to its 

proximity to the Tropic of Cancer and the arid coast of Africa. It is characterized by 
the presence of trade winds and currents of cold water. Temperatures are high 
throughout the year, between 18 ° C to 21 ° C on average, while rainfall is low, less 
than 250 mm, and are concentrated in winter. Post this reason, there are no rivers in 
the Canary Islands are formed and when it rains torrents. 
 

o The high mountain climate: it appears in the large mountain ranges like the 
Pyrenees, Central System, the Iberian, the mountains and the Cantabrian Mountains 
Penibética. The winters are very cold and cool summers. Rainfall is abundant with 
increasing altitude and, in general, in the form of snow. The slopes of the mountains 
overlooking the north are colder. 
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In this picture that we have above, we can see the different parts in the Spanish 
land with the particular climate that we have spoken: 

 
Graphic: The clime in the Spanish land. 

 

After this little introduction to the Spanish clime we can pass to talk about the 
temperatures in the different parts of the country and it’s logical that the clime is linked 
with the temperature. So in the next point we will talk about the temperature, the rain 
and the wind because are parameter that has to be considered for to install with enough 
profitable solar installations   

 

2.6.2 Temperature, Wind, Rain and Irradiation in Spain 

 
Distribution of the average temperature in Spain: In the map we can see the 
distribution of the averages of the temperature in Spain. In the top half of the 
country has the lowest temperatures and is different of the upper half that are highest 

 
Graphic: The distribution of the average temperature in the Spanish land. 
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On the map below we are going to explain the temperatures in Spain and rain in 
each month of the year. 

 
Graphic: Temperatures in Spain during June and August. 

 

In this graphic we can see that the highest temperatures in Spain are between June 
and August, and we also can see that in the hotter months there is much less rain. 

 
Distribution of the rainy zones in Spain: Like in the other map the north of the 
country is rainy more than the south of the country and it’s for the climate. 

 
Graphic: Litters per meter square of rain in the Spanish land. 
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Distribution of the windy zones in Spain: In this case the wind zones in Spain are 
distributed as we can see above in this picture. We could say that the windy zones are in 
the mountain, continental, oceanic and a little part of the Mediterranean clime and it’s 
also logic that in the zones that are the highest levels of temperatures and also the less 
raining zones has fewer levels of speed levels. 

 
Graphic: Levels of the wind in the Spanish land. 

 

Now we can pass to see the different zones in the Spain land concerning to solar 
installations. First of all we could see the levels of solar irradiation in Spain that is a 
very important parameter for found the correct location of the installation:  

 
Graphic: Levels of irradiation in the Spanish land. 
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2.6.3 Introduction to the Polish Climate 

 

Now if we speak about the climate in Poland we can start talking about Poland´s  
long-term and short-term weather patterns are made transitional and variable by the 
collision of diverse air masses above the country's surface. Maritime air moves across 
Western Europe, Arctic air sweeps down from the North Atlantic Ocean, and 
subtropical air arrives from the South Atlantic Ocean. Although the Arctic air dominates 
for much of the year, its conjunction with warmer currents generally moderates 
temperatures and generates considerable precipitation, clouds, and fog. When the 
moderating influences are lacking, winter temperatures valleys may drop to max -20 °C. 

 

The spring arrives slowly in March or April, bringing mainly sunny days after a 
period of alternating wintry and springtime conditions. Summer, which extends from 
June to August, is generally less humid than winter. Showers and thunderstorms 
alternate with dry sunny weather that is generated when southern winds prevail. Early 
autumn is generally sunny and warm before a period of rainy, colder weather in 
November begins the transition into winter. Winter, which may last from one to three 
months, brings frequent snowstorms but relatively low total precipitation. 

 

The range of mean temperatures is 6 °C in the northeast to 10 °C in the southwest, 
but individual readings in Poland's regions vary widely by season. On the highest 
mountain peaks, the mean temperature is below 0 °C. The Baltic coast, influenced by 
moderating west winds, has cooler summers and warmer winters. The other temperature 
extreme is in the southeast along the border with Ukraine, where the greatest seasonal 
differences occur and winter temperatures average 4.5 °C below those in western 
Poland. The growing season is about 40 days longer in the southwest than in the 
northeast, where spring arrives latest. The hottest cities in Poland are Tarnów, Wrocław 
and Słubice. 

 

The average annual precipitation for the whole country is 600 mm, but isolated 
mountain locations receive as much as 1,300 mm per year. The total is slightly higher in 
the southern uplands than in the central plains. A few areas, notably along the Vistula 
between Warsaw and the Baltic Sea and in the far northwest, average less than 500 mm. 
In winter about half the precipitation in the lowlands and the entire amount in the 
mountains falls as snow. On the average, precipitation in summer is twice that in winter, 
providing a dependable supply of water for crops. Below we can see a picture where we 
are able to know what are usually the temperature and the rainfall in Poland. 

 

 

http://en.wikipedia.org/wiki/Western_Europe�
http://en.wikipedia.org/wiki/Arctic�
http://en.wikipedia.org/wiki/North_Atlantic_Ocean�
http://en.wikipedia.org/wiki/South_Atlantic_Ocean�
http://en.wikipedia.org/wiki/Precipitation_%28meteorology%29�
http://en.wikipedia.org/wiki/Tarn%C3%B3w�
http://en.wikipedia.org/wiki/Wroc%C5%82aw�
http://en.wikipedia.org/wiki/S%C5%82ubice�
http://en.wikipedia.org/wiki/Vistula_River�
http://en.wikipedia.org/wiki/Warsaw�
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2.6.4 Temperature, Wind, Rain and Irradiation in Poland 

 

Distribution of the average temperature in Poland: In this picture we can see the 
temperatures each month along the year and the humidity 

 
Graphic: The distribution of the average temperature in the Polish land. 

 
Distribution of the rainy zones in Poland: In this map we are able to see the 
precipitation in Poland; here we can notice that the precipitations are higher in the 
south of Poland than in the north. 
 

 

Graphic: Litters per meter square of rain in the Polish land. 
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Distribution of the windy zones in Poland: On the other hand if we talk about the 
wind in Poland we can see that there is higher velocity of wind at the North and the 
South of Poland, but in the center of the country the wind is lower. 
 

 

Graphic: Levels of the wind in the Polish land. 
 

Distribution of irradiation in Poland:                 

                                                               

 
Graphic: Levels of irradiation in the Polish land. 

 

Now we are going to see a comparation with data of the different temperatures, rain and 
solar irradiation during a year. 
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In the table below we can see the comparation in the tables of the average temperatures 
and rain in every month in a year: 

Poland Jan Feb Mar Apr May Jun Jul Ago Sep Oct Nov Dec 

rain(mm) 22 22 28 35 50 71 73 59 49 38 36 34 

Min Temp (°C) -5 -4 -1 3 8 11 13 12 8 4 0 -3 

Max Temp (°C) 0 2 7 13 19 22 23 23 18 12 5 2 

Spain             

Rain(mm) 36 32 35 37 34 23 9 19 51 74 51 52 

Min.temp (°C) 7 7.9 9 10.8 14.1 17.9 20.8 21.4 18.6 14.5 10.4 8.1 

Max.Temp (°C) 16.1 17.2 18.7 20.2 22.8 26.2 29.1 29.6 27.6 23.6 19.5 16.8 

 

We can see in this table that there are higher temperatures in Spain than in Poland; 
the higher average temperature is in the month of august on the other hand the lower 
temperatures are in Poland and the coldest average temperature month is January. 

 

Now if we speak about solar irradiation we can say that in the South of Spain and 
in the Canary Islands the solar irradiation is higher than in Poland, but the irradiation in 
the North of Spain is not so high and the is where the Poland irradiation is higher than 
the Spanish irradiation. The values of irradiation in Poland are between 1100-1300 
KWh/m^2 in the North-East and in the South are the Higher values. In Spain the values 
go from 1000-1900 KWh/m^2 the smaller values are in the North and they go higher 
while we go down to the South of the country.Forms to create and store solar energy 

 

Solar energy comes in many forms. The majority of us are most familiar with 
solar cells, but there are actually many different ways to create and store solar energy. 
Here are a few of those ways: 

 

• Solar Cells - Most of us have seen solar cells used on calculators with LCDs. But 
they have also been used in many other ways. Solar cells use semiconductors 
(oftentimes, silicon) to generate electricity, directly from the sunlight 
 

• Solar Fibers - This is also a photovoltaic device (like the solar cells), only it does 
not use silicon. Rather, it has a solar tape that is made with titanium dioxide. This 
tape could actually be combined with building materials or even clothing. 
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• Solar Pond - A solar pond is made of three layers: the top layer as low salt content. 
The middle layer is an insulating layer with salt, and it prevents natural convection 
in the water (which would normally cause heat exchange). The bottom layer as a 
very high salt content and this layer can approach high temperatures. Because of all 
the densities in salt of the different layers, there are no convection currents. The heat 
that gets trapped in the bottom layer can be used to heat buildings, generate 
electricity, or in industrial processes. 

 
• Solar Updraft Tower - This is a type of solar energy plant in which air passes 

under an agricultural glass house, gets heated by the sun, and is then channel up 
toward a convection tower. It is used to drive turbines which generate electricity. 

 
• Solar Chemical - There are a number of different solar energy processes that absorb 

sunlight in a chemical reaction to create that solar energy. More research is needed 
on solar chemical energy before we can apply it practically. Much of this research is 
on photo electrolysis of water. 

 
• Energy Tower - This tower uses water, unfortunately, but it is also a good design 

and works in a similar way to the solar updraft tower. The water evaporates which 
causes a downdraft by cooling the air. This coolness increases the density of the air 
and then drives turbines that are at the bottom of the tower. 

 

These are just a few ways in which solar energy has been and is being created. 
Perhaps the most common household type of solar energy is that created by solar cells. 
Nonetheless, these other types are very promising and certainly have their place. 

 

 

2.7 Energy storage methods 

 

Solar energy is not available at night, making energy storage an important issue in 
order to provide the continuous availability of energy. Both wind power and solar 
power are intermittent energy sources, meaning that all available output must be taken 
when it is available and either stored for when it can be used, or transported, over 
transmission lines, to where it can be used. Wind power and solar power can be 
complementary, in locations that experience more wind in the winter and more sun in 
the summer, but on days with no sun and no wind the difference needs to be made up in 
some manner. 
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Off-grid PV systems have traditionally used rechargeable batteries to store excess 
electricity. With grid-tied systems, excess electricity can be sent to the 
transmission grid. Net metering programs give these systems a credit for the electricity 
they deliver to the grid. This credit offsets electricity provided from the grid when the 
system cannot meet demand, effectively using the grid as a storage mechanism. Credits 
are normally rolled over month to month and any remaining surplus settled annually. 

 

Pumped-storage hydroelectricity stores energy in the form of water pumped when 
surplus electricity is available, from a lower elevation reservoir to a higher elevation 
one. The energy is recovered when demand is high by releasing the water: the pump 
becomes a turbine, and the motor a hydroelectric power generator. 

 

Combining power sources in a power plant may also address storage issues. The 
Institute for Solar Energy Supply Technology of the University of Kassel pilot-tested 
a combined power plant linking solar, wind, biogas and hydro storage to provide load-
following power around the clock, entirely from renewable sources. 

 

2.8 Phase Change Materials 

 

A photovoltaic panel or photovoltaic module is a packaged interconnected 
assembly of photovoltaic cells, also known as solar cells. The photovoltaic module, 
known more commonly as the solar panel, is then used as a component in a larger 
photovoltaic system to offer electricity for commercial and residential applications. 

 

Because a single photovoltaic module can only produce a limited amount of 
power, many installations contain several modules or panels and this is known as 
a photovoltaic array. A photovoltaic installation typically includes an array of 
photovoltaic modules or panels, an inverter, batteries and interconnection wiring. 

 

Photovoltaic systems are used for either on- or off-grid applications, and for solar 
panels on spacecraft. Solar panels use light energy (photons) from the sun to generate 
electricity through the photovoltaic effect (this is the photo-electric effect). The majority 
of modules use wafer-based crystalline silicon cells or a thin-film cell based 
on cadmium telluride or silicon. Crystalline silicon, which is commonly used in the 
wafer form in photovoltaic (PV) modules, is derived from silicon, a commonly used 
semi-conductor.  
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In order to use the cells in practical applications, they must be: 

• Connected electrically to one another and to the rest of the system. 

• Protected from mechanical damage during manufacture, transport, installation and 
use. This is especially important for wafer-based silicon cells which are brittle. 

• Protected from moisture, which corrodes metal contacts and interconnects, (and 
for thin-film cells the transparent conductive oxide layer) thus decreasing 
performance and lifetime. 

 

Electrical connections are made in series to achieve a desired output voltage 
and/or in parallel to provide a desired amount of current source capability. 

 

2.9 Photovoltaic panels 

 

A photovoltaic panel or photovoltaic module is a packaged interconnected 
assembly of photovoltaic cells, also known as solar cells. The photovoltaic module, 
known more commonly as the solar panel, is then used as a component in a larger 
photovoltaic system to offer electricity for commercial and residential applications. 

 

Because a single photovoltaic module can only produce a limited amount of 
power, many installations contain several modules or panels and this is known as 
a photovoltaic array. A photovoltaic installation typically includes an array of 
photovoltaic modules or panels, an inverter, batteries and interconnection wiring. 
Photovoltaic systems are used for either on- or off-grid applications, and for solar 
panels on spacecraft. Solar panels use light energy (photons) from the sun to generate 
electricity through the photovoltaic effect. The majority of modules use wafer-
based crystalline silicon cells or a thin-film cell based on cadmium telluride or silicon.  
In order to use the cells in practical applications, they must be: 

• Connected electrically to one another and to the rest of the system. 
 

• Protected from mechanical damage during manufacture, transport, installation and 
use. This is especially important for wafer-based silicon cells which are brittle. 

 
• Protected from moisture, which corrodes metal contacts and interconnects, (and 

for thin-film cells the transparent conductive oxide layer) thus decreasing 
performance and lifetime. 

Electrical connections are made in series to achieve a desired output voltage 
and/or in parallel to provide a desired amount of current source capability. 
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2.10 Principle classification of solar cooling systems 

 

First of all I would like to say that I will star from this point to talk about more 
specifically about the SEDC (Solar Evaporative Desiccant cooling system). I have 
divides this part into different topics in the introduction I will speak about some 
important characteristics from SDEC systems and how has gone the evolution of this 
systems.   

 

Desiccant cooling systems are basically open cycle systems, using water as 
refrigerant in direct contact with air. The thermally driven cooling cycle is a 
combination of evaporative cooling with air dehumidification by a desiccant, i.e. a 
hygroscopic material. For this purpose, liquid or solid materials can be employed. The 
term ‘open’ is used to indicate that the refrigerant is discarded from the system after 
providing the cooling effect and new refrigerant is supplied in its place in an open-
ended loop. Therefore only water is possible as refrigerant with direct contact to the 
surrounding air. The common technology applied today uses rotating desiccant wheels, 
equipped either with silica gel or lithium-chloride as sorption material. Some points 
after we will talk about the properties of the different components used as sorption 
material [1] 

 

Thus the desiccant evaporative cooling is an alternative technology to traditional 
air conditioning systems. Being heat driven, it can be coupled to solar collectors to 
produce a cooling system with low environmental impact. This technology has been 
widely used in USA and Northern Europe. In USA, the number of desiccant industrials 
has increased with more than 5700 systems installed in commercial buildings. Several 
studies in Northern Europe demonstrated that solar energy used with desiccant systems, 
can reduce annual gas consumption by as much as 70%.  Recently, these systems were 
used in Western Europe and especially in Germany where there are about 7 solar 
desiccant installations. In the chamber of commerce from Fribourg in Germany, an 
autonomous solar desiccant cooling system allows cooling two meeting rooms of 65 
and 148 m2. With 100m2 of solar collectors and 60 kW of cooling capacity, reductions 
in primary energy consumption are about 30000 kWh and in CO2 emissions about 8800 
kg/year. [2] 
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In the next graphic we can see the different applications for to obtain form the sun 
the energy necessary for to supply the cooling systems:  

 

 
Graphic [1.1.]: Principle classification of solar cooling systems. [3]. 

 

We can see that we have two main forms closed and open systems. After we will 
see all of them but more specifically in the open systems and Sorption assisted air-
conditioning that is our case study for this project. 

 

2.11 Why need to use solar energy 

 

This is may be the mean question that we can ask ourselves because I think that 
one of the most important problems that the humanity needs to affront is the 
greenhouses problem I mean the high production of greenhouse gases emitted into the 
atmosphere as a result of rising energy demand in the world. Some highlights:  

 

• The necessity of energy saving because of still increased energy prices, and 
shortage of conventional energy sources conduct to searching new solutions which 
allow gaining energy from alternative sources. It could be good using energy from 
renewable energy sources.  
 

• Cooling is becoming increasingly important with the global warming. Comparing 
the amount of energy used for heating and cooling worldwide, about 75% is being 
used for cooling, and only 25% for heating.  
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• Summer air conditioning represents a growing market in building services world-
wide in both commercial and residential buildings. Main reasons for the increasing 
energy demand for summer air-conditioning are: the growing demand for air-
conditioning in residential houses as well as office and hotel buildings because the 
living standards and occupant comfort demands are increasing and also the 
increasing environmental awareness or political guidelines. [4]. 

 
• Conventional cooling technology, the so called compression refrigeration, is driven 

by electricity. In comparison, thermal cooling uses heat instead of electricity as the 
driving energy source, and water or ammonia are used as environmentally friendly 
refrigerants. The following heat sources can be used as driving energy: [5]: 

 
1. District Heating. 3. Biomass. 

2. Combined heat and power. 4. Process Heat. 

 

For this reason with the constant increasing of the demand of energy in the world 
we can talk about another alternatives ways for to try to solve this problem and one of 
this it’s to find another alternative source of energy, and in fact the solar energy is the 
one with more energy reserves available so inexhaustible available in the earth. [5]  

 

In the next graphic we can see that we have surplus of solar energy during the 
summer these means that we can supply the air-conditionings systems because there is a 
increase of the cooling systems and there is a necessity of power for supply these 
systems. Then with the solar energy there is a decrease of the electric energy and also 
we can see that for the summer period of the year is when we can obtain more energy.  

 

 
Graphic [1.2.]: Scheme of solar power in function of the period of the year. 
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In resume we can say that the benefits of the use of the sun to supply these 
systems are: [5]  

1. Enables the usage of the surplus solar heat during the summer 

2. No overheating of the solar system during the summer 

3. Simultaneity of solar heat supply and cooling demand 

4. Minimum operating costs for cooling, heating and for domestic hot water 

5. Using solar heat as a renewable energy source 

6. Independency from fossil fuels 

Now I will pass to introduce some facts about the solar cooling market and the 
different installations that are in Europe. 

 

2.12 Solar cooling markets 

 

Since energetic crisis in the 70’s last century there is still aim to reduce energy 
demand from conventional sources. In well developed countries one found very distinct 
grow up of energy utilization for air conditioning goals. The main obstacles for large 
scale application, beside the high first cost, are the lack of practical knowledge on 
design, control and operation of these systems. For small scale systems, many years no 
appropriate technology was available on the market. However, with the expected 
increase of blackouts in the electricity grids, combined with a rising electricity price, the 
market for solar cooling systems, and as such for advanced cold storage systems, is 
expected to grow rapidly over the next few years. 

 

The first solar cooling systems for air-conditioning were developed in the 
seventies of the 20th century, e.g. by the company Dornier-Prinz Solartechnik GmbH, 
Germany (Schubert et al., 1977) or Arkla Industries Inc., USA (Grossmann, 2002). [6] 

 

Approximately 60% of the closed cycle systems are absorption chillers and 
around 12% adsorption chillers. The DEC systems with sorption wheels dominate the 
open sorption air-conditioning systems by 25% and only 4% liquid sorption systems 
existing. However the potential is very high in Germany 40,000 GWh of current 
consumption are accumulated alone for the air conditioning of office buildings.  

 

The technologies for the solar cooling units in the medium and big performance 
range are fully developed, only the small-scale performance range below 20 kW will be 
still developed and investigated. [3] 
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2.12.1 Market applications  

 

Most cooling and refrigeration systems worldwide are powered by electricity. 
Thermally driven cooling technologies are set to play a key role in the efficient 
conversion of energy in the field of building air-conditioning and refrigeration. Today, 
these technologies are used largely in combination with waste heat, district heat or co-
generation units. One of the main advantages of such systems is that thermally driven 
cooling cycles can be run with solar thermal energy, thus producing solar air-
conditioning and refrigeration. Over the last two decades, most installations have been 
publicly funded, in the framework of research demonstration programmes. Only very 
recently, the start of market development has been observed in the residential sector in 
Mediterranean countries, particularly in Spain. There is substantial potential to support 
this development with further R&D work [6].  

 

Now we can see also the possible areas of application of thermal cooling: [13] 

 

• Public institutions 

Air-conditioning of buildings: 

• Pharmaceutical industry 

Process cooling: 

• Hospitals • Electrical industry 

• Administration buildings • Printing- and media-industry 

• Banks • Food industry 

• Hotels • Agriculture (i.e. Milk cooling) 

• Office buildings  

• Residential homes  

• Shopping malls  

 

After this different places where can be installed this kind of technology we will 
talk about the different real applications. Are showed to continuation, are divided in 
different fields and depend of the technology and also de amount of power of the 
installations. In these installations we can see different applications of the different 
technologies but all of them have something in common and is that are supplied by solar 
energy:  
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 Air-conditioning of a factory:  
 
o Use: air conditioning of the production facilities in a cosmetics factory 

o Site: Inofita Viotias (appr. 50 km north-east of Athens) 

o Solar thermal collector field: 2700 m² flat plate collectors 

o Chillers: 2 adsorptions chillers with 350 kW each. 3 compression chillers with 

350 kW each.  [9] 

 
 Wine store cool:  

 
o Use: cooling of a wine store 

o Site: Banyuls (south France) 

o Solar thermal collector field: 130 m² evacuated tube collectors 

o Chiller: absorption chiller with 52 kW cooling capacity. [9] 

 
 Air-conditioning of a seminar room: 

 
o Use: air-conditioning of the seminar room and the cafeteria in an office building. 

o Site: Freiburg (south-west Germany) 

o Solar thermal collector field: 100 m² of air collectors as the only heat source 

o Cooling system: desiccant cooling system (10.200 m³/ hour) with silica gel rotor  

o Specifics: simple solar system, simple integration into the air-conditioning. [9] 
23/08/06 Page 14 of 21 

 Hotel air-conditioning: 
 
o Use: air-conditioning of a hotel and steam supply for the hotel laundry 

o Site: Dalaman (Mediterranean coast Turkey) 

o Solar thermal collector field: 180 m² parabolic trough collectors. 

o Chiller: double effect absorption chiller (cooling capacity 116 kW). [9] 

 

After the description of some real installations I would like to pass to talk about 
some characteristics which are composed the different fields of application that we have 
talked in the point of above. So in the next places we have some information about the 
two main fields of application that are Industrial and building refrigeration. 
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2.12.1.1 Industrial refrigeration  

 

There is a large and slowly growing market for industrial refrigeration, especially 
for food or medicines. Characteristics:  

 
 Refrigeration units will deliver temperatures in the range -30°C to 20°C. The 

output of most units is in the range of 100 kW to several MWs.  
 

 Conventional systems are operated by large, electrically driven, vapour 
compression refrigeration machines, which supply cold air to a distribution 
network. Usually, large cooling towers are employed to dissipate condenser 
heat.  
 

Several industrial installations use waste process heat to operate thermally-driven 
cooling equipment, which is competitive with vapour compression technology in areas 
with an unstable electricity supply. Thermally-driven cooling systems applied for 
industrial refrigeration always use closed thermodynamic cycles, which produce cold 
air, which is transferred by a liquid heat-transfer medium. [8] 

 

At present, solar thermally-driven industrial refrigeration includes systems 
employing roof or ground-mounted low- and medium-temperature solar collectors. 
These systems can be coupled with hot or cold stores, depending on the application. 
Only a small number of these applications have been studied and a few new systems are 
in operation in the southern Mediterranean. [8] 

 

The high capital cost of solar refrigeration is particular factor preventing wider 
market uptake. On the other hand, the rising price of electricity and the number of 
successful solar industrial refrigeration demonstration projects have made such systems 
more attractive. In this field, there still is a great potential to develop economies of scale 
in manufacturing, offering thus excellent medium-term prospects. [8] 

 

2.12.1.2 Building refrigeration  

 

The demand for cooling in buildings is rising across the world and notably in 
southern Europe, in both the residential and tertiary sectors. Around 250 solar air-
conditioning systems were installed in Europe by 2007, with an exponential increase of 
activity in the last two years.  
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Solar collectors for the air conditioning of buildings are generally also used for 
other applications, such as space heating and domestic hot water production. This 
increases energy savings and thus the productivity of the investment. The systems in 
operation range from small units for single-family houses to large units for the air-
conditioning of factory buildings. In larger commercial buildings, there often are 
cooling networks operated by large centralised water chillers.  [8] 

 

Although the basic principles remain the same, there are some differences in the 
technologies used for air-conditioning in buildings and industrial refrigeration: 

 

 Air-conditioning of buildings in summer can include both cooling and, 
depending on the outdoor humidity and internal latent loads, dehumidification. So, 
both thermodynamic machines and so-called open cycles (also called desiccant 
cooling systems) can be applied. In open cycles, air passing through a thermally-
driven air handling unit is brought to the correct temperature and humidity.  
 
 Depending on the indoor systems, the temperature of output air should usually 
range from 6°C to 16°C. Temperatures below 6°C are not necessary unless ice 
storage is required. Output temperatures in this range can be produced by solar 
thermal systems. 

 

Now we will pass to talk more specifically about the general ways of conversion 
from solar energy into cooling.  
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3. General ways of conversion from solar energy into cooling 
 

Now in this point I would like to talk about the main process of this project and 
how it is working. I mean about the installation that it is used for solar assisted air 
conditioning systems. 

 

Among the various thermal applications of solar energy, cooling is one of the 
more complexes, both in concept and in construction. This is no doubt one of the 
reasons why its utilization at present is not as widespread as space or water heating. 
Here it is not sufficient to collect the heat, store and distribute it. The energy must be 
converted to cold by means of a suitable device, capable of absorbing heat at a low 
temperature from the conditioned space, and rejecting it into the higher temperature of 
the outside air. In thermodynamic terms, a heat pumping operation is required. [7] 

 

Growing demand for air conditioning in recent years, particularly in hot and 
humid climates such as in Mediterranean countries, has imposed a significant increase 
in demand for primary energy resources. Electric utilities have their peak loads in hot 
summer days, and are often faced with brown-out situations, barely capable of meeting 
the demand.  

 

This project aims to describe current trends in solar cooling, dehumidification and 
air conditioning. The paper is divided into two main parts and considers the closed-
cycle and open-cycle alternatives, each with its own advantages and limitations. [7] 

 

3.1 Physical ways of conversion 

 

Many physical ways of converting solar radiation energy in cooling are possible 
from a general point of view. The processes marked in red: market available 
technologies which are used for solar assisted air-conditioning. Processes marked in 
blue: technologies in status of pilot projects or system testing. In the picture that we 
have above, we can see the different process as concerning to thermal processes and 
transformations.  

 

The use of solar energy for air conditioning devices need to convert solar energy 
for use in the cooling process. This can be done in different ways, as shown in the figure 
below. Solar radiation through a series of processes can be obtained other sources of 
energy such as electricity and heat.  
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In the first case the conversion is done by photovoltaic cells which is obtained 
from sunlight to electricity can be used to power the cooling equipment. With thermal 
processes, the heat absorbed by the solar collectors used to heat-power equipment.  In 
the next picture we can see the scheme of the different ways of conversion: 

  
Graphic [1.3.]: Kinds of technologies that can be used for cooling systems. 

 
In solar assisted air conditioning systems, solar heat is required to drive the 

cooling process. The most common technologies used in combination with solar heat 
are shown in the following table. Thus, solar assisted air conditioning systems operated 
so far may be classified into: 

 

• Closed systems: Where the cooling effect is obtained as a result of changes 
(humidity of a device with a liquid or solid absorbent). These are thermally driven 
chillers which provide chilled water, that is either used in air handling units to 
supply conditioned air (cooled, dehumidified) or that is distributed via a chilled 
water network to the designated rooms to operate decentralized room installations, 
e.g. fan coils. Market available machines for this purpose are absorption chillers 
(most common) and adsorption chillers.[9] 
 

• Open systems: In which the cooling effect is obtained as a result of changes in the 
absorption (chemical process) or adsorption (physical process) systems. Allowing 
complete air conditioning by supplying cooled and dehumidified air according to the 
comfort conditions. The “refrigerant” is always water, since it is in direct contact 
with the atmosphere. Most common systems are desiccant cooling systems using a 
rotating dehumidification wheel with solid sorbent. [9] 
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As an example we can see in the figure below the most common solar 
technologies for generation of air conditioning. There technologies are classified 
according closed and open cycle:  

 
Figure [1.1.]: Common solar assisted air conditioning technologies. [11] 

 

The advantages of open-cycle absorption chillers over closed-cycle systems are 
evident from the next description:  

 

1. The number of main components is reduced by one by transferring condensation 
of the refrigerant from a condenser to the environment.  
 

2. Capital-intensive pressure-sealed units are avoided as the whole system can be 
operated at atmospheric pressure.  
 

3. Efficient utilization of very low heat source temperatures is possible. The open-
cycle chiller can be operated with any heat source temperature which is only 
slightly above the heat rejection temperature. 

 

3.2 Main Techniques of cooling systems 

 

As we could see in the picture of before there are 4 kinds of technologies that are 
used for solar thermal collectors for air-conditioning of buildings can be distinguished 
in two main types:  

 

1. Thermally driven chillers  (Closed Cycles) 2. Desiccant wheels (Open cycles) 



                   Solar Evaporative Desiccant cooling system   

 

38 

4. Thermally driven chillers (Closed cycles) 
 

The technology of thermally driven chillers is based on absorption and adsorption. 
The basic physical process consists of at least two chemical components, one of them 
serving as the refrigerant and the other as the sorbent. Absorption chillers are available 
on the market in a wide range of capacities and designed for different applications. 
However, only very few systems are available in a range below 100 kW of cooling 
capacity.   

 

In absorption chillers the refrigerant (water or ammonia) is absorbed by a liquid 
sorbent (lithium bromide or water). In the directly or indirectly solar powered generator 
with high heating temperatures, the refrigerant is desorbed from the solution. This 
generates a high refrigerant vapour pressure, which is sufficient to condense the 
refrigerant in the condenser. After evaporation, the refrigerant vapour is absorbed in the 
solution which is cooled in the absorber. The solution is pumped to the generator by a 
solution pump where it is regenerated and throttled back to the absorber. The heating 
temperatures for desorption are between 80ºC and 160ºC according to the technology. 
[4]. 

 

In adsorption chillers the refrigerant water is absorbed on a solid sorbent like 
silica gel among disposal of latent heat on the surface. The latent heat decreases to zero 
with increasing addition of water molecules, then only evaporation heat has to be 
dissipated. The desorption of the stored water and the pressure generation for the 
condensation is already caused by low heating temperatures of 60ºC to 70ºC. [4]. 

 

There are two kinds of basic construction:  

 

• Single effect machines, in which for each unit mass of refrigerant which 
evaporates in the evaporator one unit mass of refrigerant has to be desorbed 
from the refrigerant–sorbent solution in the generator. Under normal operation 
conditions such machines need typically temperatures of the driving heat of 80–
100 °C and achieve a COP of about 0.7. [10] 
 

• Double-effect cycle: Two generators working at different temperatures are 
operated in series, whereby the condenser heat of the refrigerant desorbed from 
the first generator is used to heat the second generator. Thereby a higher COP in 
the range of 1.1–1.2 is achieved. However, driving temperatures in the range of 
140–160 °C are typically required to drive those chillers. This type of systems is 
only available in the range of large capacities of some 100 kW and above. [10] 
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This is the diagram of a typical installation solar used to chilly:  

 

Figure [1.2.]: Diagram of Solar Air Conditioning for chiller. [12] 

 

Today absorption chillers are mainly applied if a ‘cheap’ heat source is available, 
such as waste heat, district heat or heat from co-generation plants. For air conditioning 
applications mainly absorption chillers using the sorption pair water–LiBr are applied. 
Hereby water is the refrigerant and LiBr the sorbent.  

 

In the next table we can see the different parameters about the different 
technologies used in solar thermal driven and cooling and air-conditioning technologies: 

Technology 
Absorption 

Adsorption 
Single effect Double 

effect 

Refrigerant Water Ammonia Water Water 

Sorbent Lithium 
bromide Water Lithium 

bromide Silica gel 

Cooling medium Water Water glycol Water Water 

Cooling temperature 6ºC ÷ 20ºC -20ºC ÷ +20ºC 6ºC ÷ 20ºC 6ºC ÷ 20ºC 

Heating temperature 80ºC ÷100ºC 80ºC ÷ 160ºC 140ºC÷160ºC 55ºC ÷ 100ºC 

Cooling water temperature 30C ÷ 50ºC 30C ÷ 50ºC 30C ÷ 50ºC 25C ÷ 35ºC 

Cooling capacity (per unit) 10 ÷ 20.5kW 5 ÷ 1000kW 170÷ 23.3kW 70 ÷ 350kW 

Coefficient of performance 0,6 ÷ 0,7 0,5 ÷ 0,6 1,1 ÷ 1,4 0,6 ÷ 0,7 

Table [1.1.]: Table about solar thermal driven or assisted cooling and air-conditioning 
technologies. [4] 
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After the different parameters that this kind of technology is working we can pass 
to talk about how is working the two main technologies I mean adsorption and 
absorption. 

 

4.1 Adsorption Chillers 

 

Here, instead of a liquid solution, solid sorption materials are applied. Market 
available systems use water as refrigerant and silica gel as sorbent.  The machines 
consist of two sorbent compartments (denoted as 1 and 2 in the figure below), one 
evaporator and one condenser. While the sorbent in the first compartment is regenerated 
using hot water from the external heat source, e.g. the solar collector, the sorbent in the 
compartment 2 (adsorber) adsorbs the water vapour entering from the evaporator; this 
compartment has to be cooled in order to enable a continuous adsorption.  

 

The water in the evaporator is transferred into the gas phase being heated from the 
external water cycle; here actually the useful cooling is produced. If the cooling 
capacity reduces to a certain value due to the loading of the sorbent in the adsorber, the 
chambers are switched over in their function. Under typical operation conditions with a 
temperature of the driving heat of about 80°C, the systems achieve a COP of about 0.6, 
but operation is possible even at heat source temperatures of approx. 60°C. [11]. 

 

 
Figure [1.3.]: Diagram of adsorption chiller for Air Conditioning. [11] 

 

The simple mechanical construction of adsorption chillers and their expected 
robustness is an advantage. No danger of crystallisation is given and thus no limitation 
in the heat rejection temperatures existing. An internal solution pump does not exist and 
only a minimum of electricity is consumed. A disadvantage is the comparatively large 
volume and weight.  
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Furthermore, due to the small number of produced items, the price of adsorption 
chillers is currently high. A large potential for improvements of the heat exchangers in 
the adsorber compartments is expected; thus, a considerable decrease in volume and 
weight can be assumed in future generations of adsorption chillers. [11] 

 

4.2 Absorption Chillers 

 

A new development, close to market introduction, are desiccant cooling systems 
using a liquid Water/Lithium-Chloride solution as sorption material. This kind of 
systems shows advantages like higher air dehumidification at the same driving 
temperature range than solid desiccant cooling systems, and the possibility of high 
energy storage by storing the concentrated solution. This technology is a promising 
future option for a further increase in exploitation of solar thermal systems for air 
conditioning.  

 

Absorption chillers are the most distributed chillers worldwide. A thermal 
compression of the refrigerant is achieved by using a liquid refrigerant/sorbent solution 
and a heat source, thereby replacing the electric power consumption of a mechanical 
compressor. For chilled water above 0°C, as it is used in air conditioning, typically a 
liquid H2O/LiBr solution is applied with water as refrigerant. Most systems use an 
internal solution pump, but consuming little electric power only. [11] 

 

The main components of an absorption chiller are shown in the figure following. 

 

Figure [1.4.]: Diagram of absorption chiller for Air Conditioning. [11] 

 
 



                   Solar Evaporative Desiccant cooling system   

 

42 

The cooling effect is based on the evaporation of the refrigerant (water) in the 
evaporator at very low pressures. The vaporised refrigerant is absorbed in the absorber, 
thereby diluting the H2O/LiBr solution. To make the absorption process efficient, the 
process has to be cooled. The solution is continuously pumped into the generator, where 
the regeneration of the solution is achieved by applying driving heat (e.g. hot water). 
The refrigerant leaving the generator by this process condenses through the application 
of cooling water in the condenser and circulates by means of an expansion valve again 
into the evaporator.  

 

Typical chilling capacities of absorption chillers are several hundred kW. Mainly, 
they are supplied with district heat, waste heat or heat from co-generation. The required 
heat source temperature is usually above 80°C for single-effect machines and the 
coefficient of performance is in the range from 0.6 to 0.8. Double-effect machines with 
two generator stages require driving temperature of above 140°C, but the coefficient of 
performance may achieve values up to 1.2. 

 

In solar assisted air conditioning systems with absorption chillers, often these 
small units are implemented. A machine type, developed newly for small capacities, 
enables part-load operation with reduced chilling power already at heat source 
temperatures of 65°C and with a COP of still approximately 0.7, which is promising in 
combination with solar heat. This indicates that there is still potential for performance 
improvements of absorption chillers. 

 

In the last part of this point I would like to comment something about the 
difference that exists between adsorption and absorption. 

 

4.3 Difference between adsorption and absorption 

 

Adsorption is an operation in which a gas, vapour, or liquid brought into contact 
with a solid is concentrated on the solid's surfaces by the utilization of surface forces. 
Adsorption is a purely physical phenomenon, generally reversible, in which neither the 
adsorbent nor the adsorbate undergo any change in structure.  

 

Absorption is a process in which a gas, vapour, or liquid penetrates a solid 
structure to produce a solid solution, resulting in either a temporary or a more or less 
permanent chemical reaction or phase change. [16] 
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5. Introduction to Solar Evaporative Desiccant Cooling  
 

These systems normally employ a combination of sorptive air dehumidification 
and evaporative cooling, which is used in ventilation systems for treating air. In 
Desiccant Evaporative Cooling systems both the humidified exhaust air and supply air 
serve as coolants. The supply air is blown directly into the room through heat recovery 
process. The physical adsorption of water on silica gel or lithium chloride serves the air 
drying in this process. Afterwards the air will be cooled by direct evaporative 
humidification of the dried and through a heat exchanger pre cooled air. The thermal 
heat input is required for the regeneration of the sorbent. The heating temperatures 
could be chosen very low as well. [4]. 

 

The main principle of this technology is the dehumidification and the evaporation 
of the cooling. For these reason I would like to talk about this phenomenon I mean the 
dehumidification process. May be one of the sentences that we could do is Why we need 
to take away the humidity? In many items, moisture encourages the growth of mold and 
spoilage. Condensation may also damage other items like electronics and may speed the 
decomposition of chemicals. 

 

The need to control humidity extends far beyond the need for human comfort, 
being that control an indispensable factor in many industries, manufacturing processes, 
storage, transportation and preservation of a wide variety of products.  The control of air 
humidity can be achieved with the removal or addition of water. The process of 
removing water vapour in the air is called dehumidification. 

 

Dehumidification technology has its origins in the early part of the twentieth 
century was en1939 emerging as an important factor in protecting the loads of ships, 
thus avoiding moisture damage during transport and storage of goods during the World 
War II.  Currently dehumidification technology is recognized as an essential component 
to ensure energy savings and productivity.   

 

5.1 Dehumidification processes 

 

A dehumidifier is a device that reduces humidity. The air can be dehumidified by: 

o Cooling- Condensation of vapour: In a cooling system the humidity is reduced 
by cooling the air below dew point. A part of the moisture in the air is 
condensed and drained out. [14] 
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o Adsorption of water vapour: Adsorbents remove the moisture from the air by 
attracting and holding the water to the surface of their particles. These desiccants 
are not used up in the process, but they need to be regenerated periodically with 
heat or dry air, or a combination of the two. Generally, these types of air dryers 
are called desiccant dryers. These dryers come in two basic designs - heatless 
and heat reactivated [16]. In an adsorption system the humidity is reduced with 
an adsorbent material as silica gel or activated alumina. Adsorption is a physical 
process in where the moisture is condensed and held on the surface of the 
material without any change of in the physical or chemical structure of the 
material. The adsorbent material can be reactivated by heat. Temperature for 
reactivation depends of the sorbent material. For example Silica gel has the 
ability to release absorbed moisture when heated to a temperature of over 100°C 
and it can then be used again. The maximum recommended reactivation 
temperature for silica gel is 130°C [15]. Heat required for reactivation: 4800 - 
4800 kJ/kg water removed. The liquids for the adsorption for example can 
be:[14] 
 
 
 Silica gel - SiO2: Silica gel - SiO2 - is a hard, adsorbent, crystalline 

substance and very porous. Voids are about 50 - 70% by volume and 
adsorb water up to 40% of its own mass. The bulk density of silica gel is 
480 - 720 kg/m3. The specific heat capacity is 1.13 kJ/kgK. 
 
 

 Activated alumina: Activated alumina is about 90% aluminium oxide 
Al2O3 and very porous. Voids are about 50 - 70% by volume and adsorb 
water up to 60% of its own mass. The bulk density is 800 - 870 kg/m3. The 
specific heat capacity is 1.0 kJ/kgK. 

 
o Absorption of water vapour: The desiccants attract the moisture by the 

chemical reaction known as absorption. Absorption involves the desiccants 
combining with the water vapour from the air to form a liquid that is then 
drained off. In an absorption system the humidity is reduced with an absorbent 
material such as a calcium chloride solution. Absorption involves a change in 
the physical or chemical structure of the material and it is in general not easy to 
reactivate the material.[14] 

 

After the description of this process I would like to focus my attention in the 
desiccant dehumidification technology and the different kind of desiccant materials and 
mainly characteristics that it has.  
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5.1.1 Types of dryers 

 

 Dryer technology can be classified into two main types: [16]. 

 Mechanical dryers use refrigeration to remove moisture from the air. They 
cool the air to a temperature where the water vapor condenses out. When 
dew point requirements are above 0°C, refrigerated air dryers are the best 
choice. 
 

 Chemical dryers use materials that attract water from the air. They do this 
with two different types of materials - absorbents and adsorbents. We saw in 
the point 3.3  the main characteristics of absorption and adsorption. 

 

5.1.2 Common desiccants used in dryers 

 

The desiccants are natural or synthetic substances capable of absorbing or 
adsorbing water vapor due the difference of water vapor pressure between the 
surrounding air and the desiccant surface. They are encountered in both liquid and solid 
states. Each of liquid and solid desiccant systems has its own advantages and 
shortcomings. In addition of having lower regeneration temperature and flexibility in 
utilization, liquid desiccant have lower pressure drop on air side. Solid desiccant are 
compact, less subject to corrosion and carryover. Commonly used desiccant materials 
include lithium chloride, triethylene glycol, silica gels, aluminium silicates, aluminium 
oxides, lithium bromide solution and lithium chloride solution with water [20]. 

 

There are three basic types: alumina, silica gel and molecular sieves. A 
continuation we can see the different properties of this three desiccants dryers: 

 Silica gel is slightly acidic in nature and is resistant to all organic acids, except 
HF, and is attacked by alkaline materials. It, therefore, cannot be used in a basic 
environment [16]. Silica gel's high surface area around 800m²/g allows it to 
absorb water readily, making it useful as a desiccant. Once saturated with water, 
the gel can be regenerated by heating it to 120 °C for two hours.[17] 
 

 Molecular sieves are alkaline in nature and are attacked by mineral acids in 
contrast to silica gel.  
 

 Activated alumina is alkaline in nature and subject to attack by mineral acids, as 
are the molecular sieves. Operation in an acidic environment will lead to 
formation of extremely fine dust due to the attack of the binder that holds the 
desiccant together. 
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5.2 Desiccant dehumidification  

 

One way to eliminate moisture from the air is presenting the same to a desiccating 
substance. Dryers are substances that have a strong affinity for water, a property that 
allows them to trap moisture from the surrounding air. There are solid and liquid 
desiccant, which differentiates them from the functional point of view and classifies 
them into absorbent (liquid) and adsorbent (solid).  

 

Commercially the most widely used at present are the zeolite, the silica gel and 
lithium chloride. There are basically four types of desiccant dehumidifiers: liquid 
absorbent, adsorbent packed tower, rotating bed adsorbent and desiccant wheel, the 
latter will focus our attention [16]. 

 

5.2.1 Properties of desiccants materials 

 

The best desiccants are solid materials which combine very large surface areas 
with strong surface forces. The most common materials that possess this combination 
are silica gels, activated alumina, activated charcoal, and molecular sieves. Adsorbents 
come in many shapes, such as round balls, pellets (extrusions), and irregular granules, 
which are used for dynamic systems. The physical characteristics are: [16] 

 

 Chemically Inert  Thermally Stable 

 Physically Durable  Larger Surface Area for Adsorption 

 Easily Regenerated  

 

After this introduction in which we have been introduced to the fundamental 
principle of work of the solar evaporative desiccant cooling system we can start to talk 
about the component and the technology of the solar evaporative desiccant cooling 
system. For this reason first of all I would like to start describing the system and how is 
composed. Then we can talk about the different components and how are working. 
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5.3 Solar Evaporative Desiccant Cooling System 

 

While thermally driven chillers produce chilled water, which can be supplied to 
any type of air-conditioning equipment, open cooling cycles produce directly 
conditioned air. Any type of thermally driven open cooling cycle is based on a 
combination of evaporative cooling with air dehumidification by a desiccant, i.e., a 
hygroscopic material. Again, either liquid or solid materials can be employed for this 
purpose. The standard cycle which is mostly applied today uses rotating desiccant 
wheels, equipped either with silica gel or lithium-chloride as sorption material [18]. 

 

Desiccant cooling consists in dehumidifying the incoming air stream by forcing it 
through a desiccant material and then drying the air to the desired indoor temperature. 
To make the system working continually, water vapour adsorbed/absorbed must be 
driven out of the desiccant material so that it can be dried enough to absorb water 
vapour in the next cycle. This is done by heating the material desiccant to its 
temperature of regeneration which is dependent upon the nature of the desiccant used. 

 

5.3.1 Structure 

 

The scheme of the process is showed in the next graphic. So the structure is 
composed by 3 main parts that are the solar installation that is heating the air necessary 
to take away the humidity, the second part it is the desiccant dehumidifier where is the 
desiccant wheel and the third part with the cooling unit that is supplying the cooled air. 

 

 
Graphic [1.4.]: Structure of Solar desiccant cooling system. [22]  

 

This is the main scheme of the process and now I would like to show you a 
scheme also of one installation of Solar Evaporative Desiccant Cooling.  
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This scheme doesn’t means that has to be for all kind of these installations but at 
least is one example. In this we can see the scheme of the cooling part with the different 
components as desiccant wheel, rotary sensible heat exchanger and dehumidifiers: 

 

Figure [1.5.]: Scheme of the Cooling part of the system. [21]  
 

When a desiccant wheel system is implemented, a heat exchanger is generally 
used in tandem with it to preliminarily cool the dry and warm air stream before its 
further cooling by an evaporative cooler or a cold coil, etc. In this case, the heat 
exchanger together with the evaporator cooler or the cold coil constitutes the cooling 
unit. The next figure shows a psychrometric representation, the use of an evaporative 
cooler (state 3–state 4) and the cooling coil (state 3–state 4′) in tandem with a heat 
exchanger cooler (state 2–state 3) [22]. 

 

 
Graphic [1.5.]: Example of a psychrometric chart of desiccant cooling          

system [22]. 
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Now we can pass to talk about the process I mean how it is working the system 
for this reason in the next figure we can see a desiccant cooling cycle using a 
dehumidifier wheel with solar thermal energy as driving heat input.  

 

5.3.2 Desiccant cooling cycle 

 

The different changes that are producing in the air are showed now a continuation. 
I mean the air used in the installation is passing for different parts we saw before in the 
structure of the process.  

 

The figure below shows the desiccant cooling air-handling unit coupled with the 
solar installation. This unit comprises a desiccant wheel in tandem with a thermal wheel 
with evaporative coolers in both supply and return air streams before the thermal wheel. 
This system allows cooling and dehumidifying air without using conventional 
refrigerants. The desiccant wheel contains a desiccant material (Lithium Chloride) 
which needs to be regenerated with an external heat source. This heat is taken from a 
solar installation consisting of a solar storage tank and solar collectors. Since the 
required regeneration temperatures are low (40°C to 70°C) liquid flat plate collectors 
are used [20]. The main components of a solar assisted desiccant cooling system are 
shown in the figure below:  

 

 
Figure [1.6.]: Standard desiccant cooling cycle using a dehumidifier wheel with solar 

thermal energy as driving heat input [19]. 
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Now we can pass to describe the process of the desiccant cooling cycle that we 
have in the picture of above. The air follows the following processes during the system: 
[19] 

 

o 1→2: Sorptive dehumidification of supply air; the process is almost adiabatic and 
the air is heated by the adsorption heat and the hot matrix of the wheel coming from 
the regeneration side. 
 

o 2→3: Precooling of the supply air in counterflow to the return air from the building. 
 

o 3→4: Evaporative cooling of the supply air to the desired supply air humidity by 
means of a humidifier. 

 
o 4→5: The heating coil is used only in the heating season for pre-heating of air. 

 
o 5→6: A small temperature increase is caused by the fan. 

 
o 6→7: Supply air temperature and humidity are increased by means of internal loads. 

 
o 7→8 Return air from the building is cooled using evaporative cooling close to the 

saturation line. 
o 8→9: The return air is pre-heated in counter-flow to the supply air by means of a 

high efficient air-to-air heat exchanger, e.g., a heat recovery wheel. 
 

o 9→10: Regeneration heat is provided for instance by means of a solar thermal 
collector system. 

 
o 10→ 11: The water bound in the pores of the desiccant material of the dehumidifier 

wheel is desorbed by means of the hot air. 
 

o 11→12: Exhaust air is blown to the environment by means of the return air fan. 

 

In addition to the components shown in the scheme of the installation, this uses an 
enthalpy exchanger, a rotor which enables total heat exchange, i.e., exchange of sensible 
heat and humidity. Using this component ambient air is pre-cooled and pre-
dehumidified using the return air from the building. Behind the enthalpy exchanger the 
air states air such that the conventional desiccant cycle can be employed; however, 
higher regeneration temperatures are necessary in order to enable sufficient regeneration 
of the desiccant wheel [20]. 
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5.3.3 Psychrometric chart of the process 

 

Psychrometric is a term used to describe the field of engineering concerned with 
the determination of physical and thermodynamic properties of gas-vapour mixtures. 
The most common system of interest is the mixture of water vapour and air, because of 
its application in heating, ventilating, and air-conditioning. In the next graphic we can 
see a normal psychrometric chart of desiccant cooling system:  

 
Graphic [1.6.]: Psychrometric chart describing the air evolution in the process 

[20]. 

 

We can see that the air starts in the point number (1) the air is taken from outside 
and the humidity ratio is growing at the same time that the temperature is also growing, 
that means that the humidity is taking away using the energy from the heat this is 
produced in the desiccant wheel.  Then between the second and third point the air is 
passed through the rotating heat exchanger and the result is that the air suffers a 
considerably decrease of the temperature. Between the numbers (3) and (4) the air is 
passed through the humidifier and then the temperature is again decreasing now is in 
conditions to be expulsed by a fan cool to the room in question that is cooling. Till here 
we can say that is the half of the process of the graphic because we can see that is 
divided into 2 “continuous lines”. 

 

In the second part the air starts from the room, that air has more humidity and 
more temperature than in the point (5) so it’s logic because the air is taking the heat of 
the room. With these conditions the air pass through a humidifier and then the air in the 
point number (7) enters in the rotating heat exchanger and in this case its mission is to 
heat the air and increase the temperature because this are with these temperature will be 
used to reactivate the desiccant material of the wheel and then the air it expulsed outside. 
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5.3.4 Operating modes of the system 

 

In this scheme we can see the structure of the installation, in this case in every 
number we can see the different points in which the air is passing and it is connected 
with the psychrometric chart of the page before. Also we can use the scheme to describe 
the different modes of the system: 

 

 
Figure [1.7.]: Basic Scheme of Solar Evaporating Desiccant Cooling system [20]. 

 

Depending on outside air conditions and on building loads, air installation has 
four operating modes [20]: 

 

• Ventilation mode in this case the fan is supplying the air into the room (4-5). So 
then the properties of the air are not changing because the air is only supplied by a 
fan. 

 
Figure [1.8.]: Ventilation mode [23]. 
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• Direct humidification mode in which supply air is directly humidified (3-4). In this 
case the air is taken from the point one an then the air changed the amount of 
humidity because in this device (humidifier) the moisture of the air is taken out this 
is the point 2 and the air is cooled. After this point the air enters in the point 4 that is 
a fan which mission is supply the air into the room. We can say that this mode the 
temperature of the air that is entering in the room has less temperature than the 
ventilation mode. 

 
Figure [1.9.]: Direct humidification mode [23]. 

 
 

• Indirect humidification mode where supply air is sensibly cooled through a 
rotating heat exchanger (2-3). On the other side of the exchanger, return air is cooled 
by humidification (6-7). The reason of the use of the rotating heat exchanger is 
because the temperature in the room is higher than in the case of direct mode and for 
these reason needs also a lower temperature than the other mode to fight again the 
higher temperature of the room. Also is necessary to use the humidifier (6-7) 
because is necessary to drop some humidity and cool the temperature of the air that 
is taken from the room because the temperature in the entrance (6) is higher than in 
the direct mode and it is necessary use the humidifier.   
 

 
Figure [1.10.]: Indirect humidification mode [23]. 
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• Desiccant mode: During the absorption of the vapour water in the wheel, air is 
dehumidified almost adiabatically (1-2). After that the temperature is lowered in the 
rotating heat exchanger (2-3), and in the direct humidifier (3-4). The return air is 
cooled in an evaporative cooler (6-7) and is used to cool down the process air in the 
heat exchanger (7-8). Then it is heated from the solar installation (8-9) to regenerate 
the desiccant wheel (9-10).  

 
Figure [1.11.]: Desiccant mode [23]. 

 

After the description of the different modes that exists I would like to say way 
exists this different modes. We can explain with an example (means that the values of 
the temperature doesn’t has to be as in the example) and we will understand why. If we 
start with ventilation mode at minimum air flow rate and switches to indirect 
humidification as soon as the room temperature increases above 23.5°C. If the room 
temperature further increases and reaches 24.5°C, the direct evaporative cooling mode 
is activated. If the temperature is higher than 24.5ºC then the desiccant mode enters. So 
we could say that the different modes are helping to control the system and use of the 
energy efficiently.  

 

Now I would like to move to the next point. In this case I will talk about the main 
components of the SEDC as sensible rotary heat exchanger, rotary desiccant wheel.  

 

5.4 Description of SEDC’s components 

5.4.1 Desiccant wheel 

 

 The rotating sorption wheels containing tiny air channels that create a very large 
contact surface, which was treated with a substance that readily absorbs moisture, such 
as silica gel. The supply air is dehumidified in one of the two sectors of the rotor and 
heated by the adsorption process (the exhaust air is used for drying of the rotor). 
Subsequently, the supply air is cooled in a heat recovery rotor. Heat transfer occurs 
through the contact of air with the rotor material.  
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The last step to cool the incoming air is a conventional evaporative 
humidification. The process air flows through the channels formed and the desiccant 
impregnated  into the structure going adsorbing moisture from the air until it is 
saturated, which increases the vapour pressure of the surface. When the wheel goes into 
the field of recovery, the desiccant is heated by the reactivation air flow, and eliminating 
the moisture in it. Once the recovery stage, the hot desiccant returns to the area of 
process, where it is cooled by contact with a small amount of process air, so it is ready 
to return to absorb moisture.  This operating principle is illustrated in the next diagram: 

 
Figure [1.12.]: Structure of a desiccant wheel. 

 

Also in the next figure we can see how it’s working in a real cooling system the 
process it’s explained after. However we can see the typical temperatures of the system 
and how is going the air in the wheel: 

 
Figure [1.13.]: Application of a desiccant wheel in a cooling system. 

 

 

In general application, 75% of the wheel makes contact with air, while the other 
25% is part of the regeneration chamber (3:1), although this relationship varies when 
wheels are 50/50 or crescent. The desiccant wheels, by nature, eliminate moisture 
(latent heat) the outside air or internal load. These do not reduce, by themselves, the 
burden of energy. Simply replace the latent load (humidity) with a significant increase 
in load (temperature), and remove moisture from the air [24]. 
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Most wheels are made of silica gel desiccant or zeolite (molecular sieve), bound 
to a substrate of glass fibers, paper or sometimes aluminium. When viewed from the air 
the wheel assumes the appearance of fine tangled honeycomb material with many small 
channels, this structure is characterized by being lightweight, durable and guaranteed 
large contact area between the desiccant and the air. The next figure shows the 
configurations used [24]. 

 
Figure [1.14.]: Structure of the desiccant material in a desiccant wheel [24]. 
 

The desiccant attracts the molecules of air through the micro porosity and depends 
essentially on the size of the pores. Thus, the silica gel and molecular sieve attract 
mechanically water like a sponge. The wheel rotates slowly between the process flows 
and reactivation [24]. 

 

5.4.1.1 Application of desiccant wheel 

 

The desiccant wheel applications is exceptionally diverse as these teams have a 
very positive impact on most processes, and provided that it wants to reduce internal 
moisture loads, maintain or lower the specific relative humidity or dew point and 
prosecute high outdoor air latent loads, this technology is very feasible because often 
more than one of these purposes can be made by the same wheel. Commercially, 
desiccant systems are more common in supermarkets applications and cold storage and 
frozen. Spirals grocers' refrigerated and freezer boxes are low dew point. When moist 
air come in contact with refrigerated, low dew point causes condensation to occur.  

 

This creates serious problems: the frost and ice formed in the coils reduces 
efficiency and causes a defrost cycle in the cooling system and increases energy to be 
consumed in operating and recovery. Condensation and ice formed in boxes, doors and 
products reduce the potential of products. Supermarkets controlled drying systems used 
to maintain relative humidity. The lack of moisture reduces the number of defrost 
cycles, while maintaining the condition of the goods and equipment. Some 
supermarkets have used the moisture management that provides the desiccant wheel, 
even for increasing temperatures around freezing boxes and thus provide a more 
comfortable environment for customers [24]. 
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In recent years, with the development of this technology, desiccant systems have 
been operating as outdoor air processors. Recent changes have increased the amount of 
outside air that is required in public buildings. The rooms and hotel conference rooms, 
motels and convention centers have large variations in load sensitive, as people come 
and go and that changes dramatically. The latent load, furthermore, is more stable 
because they are constantly making fresh air entering the building [24]. 

 

Conventional air conditioning systems control the temperature so quickly to allow 
time to stop the formation of condensation on walls and objects, causing foul odours 
and damage the furniture and building structure. In this situation, the combination of 
these two technologies, conventional and desiccant dehumidification, is presented as an 
option very feasible technically and economically. In facilities such as operating rooms 
and clean room technology is being introduced with good results [24]. 

 

The technology provides an effective energy savings, thanks to their use are 
burned annually in Europe four million tonnes of fuel and is actively involved in 
environmental protection by reducing gaseous emissions and dust from the heating and 
air conditioning.  

 

5.4.1.2 Materials used in the wheels 

 

1. The Lithium Chloride: Lithium chloride has many attractive features as a desiccant. 
When impregnated into the fibreglass fluted honeycomb structure, its ability to 
absorb moisture from the process air and exhaust this moisture to a reactivation air 
stream can be repeated indefinitely. Lithium chloride is not dependent for its water 
absorption capability upon a specific pore system, which could be blocked by 
pollutants, or which can undergo changes with time as can occur with the granular 
desiccant systems. The lithium chloride rotors high degree of porosity, large internal 
surface, low weight, and insignificant reactivation heat carryover provide attractive 
features for a dry room system [31]. 
 

2. The Molecular Sieve: The first alternative is the Cargocaire molecular sieve wheel, 
which utilizes molecular sieves less than 4 angstroms in size impregnated into the 
same fibreglass substrate utilized for the lithium chloride rotor. The molecular 
sieves utilize a physical adsorption process whereby water vapour is attracted and 
held to the walls of many pores within the structure, and then reactivated during 
high temperature reactivation. The molecular sieve wheels have the ability to 
provide slightly lower dew points than lithium chloride wheels, but at the expense of 
higher energy costs for final sensible cooling to the dry room and a 10% higher 
pressure drop through the rotor [31]. 
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3. The Silica Gel: This system utilizes a ceramic corrugated paper to manufacture 
flutes packaged into a wheel. The ceramic in the structure provides structural 
support for the thin layer of synthesized silica gel added to the system. The silica gel 
is bonded to the ceramic substrate and fills all voids within the ceramic fibreglass 
structure. Similar to molecular sieve rotors, the silica gel rotor uses a physical 
adsorption process whereby water vapour is captured at the surface of the silica gel 
and then drawn into the micro pores by capillary action. In this process the moisture 
converts adiabatically from vapour to liquid [31]. 
 

4. HPX desiccants: System with the combination of desiccants, known as the HPX 
Desiccant Wheel manufactured by Munters Cargocaire to provide ultra-low dew 
points, as well as provide more moisture removal for a given size rotor. The HPX 
wheel is a dual wheel within one rotor encasement, which is a combination 
molecular sieve and silica gel wheel that can provide dew points as low as -60ºC. 
Like the molecular sieve molecular wheels, HPX is a physical adsorbent to 
maximize moisture absorption efficiency. The HPX desiccant does not undergo any 
chemical or physical change during the adsorption process and can be washed with 
water if required. The inherent advantages in HPX rotors over lithium chloride 
rotors are as follows[31]: 
 
  A 10 year life expectancy versus a 5 year with lithium chloride. 

 
 The wheel can be washed if it is dirty or contaminated, whereas lithium 

chloride wheels cannot be physically washed in the field. 
 

 The ability of the HPX rotor to provide equivalent dew points with 50% 
more air volume. With HPX, a 50% higher face velocity across the wheel 
allows a given size rotor to provide 50% more moisture removal for a 
minimal increase in price. 
 

 The utilization of a HPX wheel in lieu of a lithium chloride wheel allows 
each dry room to have more user exhaust if required, due to the increased air 
volume capabilities inherent in the HPX system design. 

 
 

5.4.1.3 Enthalpy wheels 

 

The enthalpy wheel is a combination of sensible and latent strategies in the same 
wheel.  From a functional perspective, enthalpy wheels also require two air streams and 
require a draft discharge.  
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Figure [1.15.]: Structure of a 
sensible rotary heat exchanger [25] 

Also, the higher the moisture and temperature difference of the two drafts, more 
work is done by the wheel in terms of efficiency it is found that round about 70 to 90%.  
His physical appearance is very similar to that of a sensible wheel. At the aggregate 
mass of material (aluminium alloy) was impregnated desiccant, which creates a film of 
hygroscopic, dehumidifying air charge when is in contact with it.  

 

The enthalpy wheel can be applied to the same conditions as the sensible, and for 
others that require greater humidity control. The differences in costs between the two 
are not significant and the performances are almost identical, except the ability to 
control the enthalpic moisture loads. The reality is that the use of the enthalpy wheel has 
grown, but has not spread. Today in enthalpy wheel market is limited by the desiccant 
wheel systems, industrial specialties and some air processing units [24]. 

 

5.4.2 Rotary heat exchanger 

 

The rotary heat exchanger, commonly 
known as the air preheated or gas reheated 
was invented by the Swedish engineer 
Frederick Ljungstrom in 1922. In a rotary 
heat exchanger heat is transferred from a hot 
gas to a cold one via a rotating cylinder of 
densely packed metal sheets, called elements. 
These elements are packed in containers and 
slowly rotate through one gas stream and into 
the other.  A hot gas flows over the surface of 
the metallic elements, raising their 
temperature. As the rotor turns, at around 
1RPM, the heated elements move into the 
cool gas stream, increasing its temperature 
accordingly [25]. 

 

The rotary heat exchangers are classified as regenerators with rotating heat carrier. 
In a counterflow arrangement, the rotating, air permeable storage mass is heated and 
cooled alternately by the heat releasing and heat absorbing air streams. Depending on 
the air conditions and on the surface of the storage mass also moisture may be 
transferred in this process. The supply and extract air streams must be adjacent and pass 
through the heat exchanger simultaneously. The storage mass is formed of narrow, 
triangular air channels in axial direction, consisting of thin metal foil. The depth of the 
storage mass (in the direction of air flow) depends of the airway height [26].  



                   Solar Evaporative Desiccant cooling system   

 

60 

When handling large quantities of gas or air, regenerative heat exchangers are an 
extremely efficient and compact solution. The reason is that both surfaces of each 
element plate are used simultaneously for heat transfer as they rotate through both the 
gas and air side of the heat exchanger [25]. Also I would like two say that exist two 
main kind of rotary heat exchangers [27]:  

 

1. Total heat exchanger: Aluminium foil of this wheel is coated, which enables the 
wheel to exchange both temperature and humidity, in another word to recover both 
sensible and latent heat. 
 

2. Sensible heat exchanger: It generally recovers no latent heat unless condensing 
water occurs and it recovers part of the latent heat. 

 
 

5.4.2.1 Characteristics  

 

Rotary heat exchanger (wheel) is mainly used in building ventilation or in the air 
supply/discharge system of air conditioning equipment. The wheel transfers the energy 
(cold or heat) contained in exhaust air to the fresh air supplied to indoor. Is an    
important equipment and key technology in the field of construction energy-saving [26]. 

 

Rotary heat exchangers are produced in various sizes dependent on the 
application. The rotor with its axial, smooth air channels serves as a storage mass, half 
of which is heated by the warm air stream and half of which is cooled by the cold air 
stream, in a counterflow arrangement. Consequently, the temperature of the storage 
mass varies depending on the axial coordinate (rotor depth) and on the angle of rotation. 
The principle of operation is easy to understand by following conditions [26]:  

 

 The air temperature at the exchanger outlet is not uniform; it depends on the angle 
of rotation. 
 

 The heat recovery efficiency may be influenced by adjusting the speed of rotation. 
 

 The heat recovery efficiency may also be influenced via the storage mass: wider or 
narrower air channels, different thickness of the storage material, other rotor depth. 
Pressure drop will also be affected. 

 
 The specific heat output capacity depends on the temperature difference between the 

two air streams. Hence the rotary heat exchanger is suitable for heat as well as cool 
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recovery, i.e. for winter and summer operation. We can see an example of the 
different situations I mean the fluxes of air in summer and in winter:  

 
Figure [1.16.]: Principle of functioning in function of the season and the level of 

the temperature [28]. 

 

5.4.2.2 Structure and principle of functioning 

 

The rotary heat exchange is 
composed in general by [28]:  

 

 A rotor, where the mass heat is 
divided into 2 halves. 
 

 An electric motor. 
 

 A casing. 
 

Figure [1.17.]: Structure of rotary heat exchanger 
[28] 

 

Now in the next picture I would like to show how is working the rotary heat 
exchanger. This picture and the explanations that are from the number on the picture are 
values characteristics from a specifically fabricant, means that is a specifically 
component.  
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In the next picture we have a scheme of it with some numbers that are indicating 
some important point. 

 
Figure [1.18.]: Principle of functioning of rotary heat exchanger [26]. 

 

 

5.4.2.3 Moisture transfer of rotary exchangers 

 

Rotary heat exchangers can transfer moisture as well as heat. The decisive 
criterion for the transfer of moisture is the material or surface of the storage mass. The 
Three different designs that we have seen in the figure are described below. These 3 
kinds are the most usual in the market [26]: 

 

1. Sorption wheel: Here the storage mass has a surface that transmits moisture by pure 
sorption, i.e. without condensation. As a reference value for the moisture transfer 
rate the condensation potential is used; this is the difference between the warm air 
humidity and the saturation humidity of cold air. The moisture recovery figure is 
almost independent of the condensation potential. The slight decline can be traced 
back to the temperature difference decreasing at the same time [26]. 
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2. Hygroscopic wheel (enthalpy wheel): The metallic storage mass has a capillary 
surface structure due to chemical treatment. Therefore moisture is transferred by 
sorption, i.e. without condensation. Depending on the air conditions, condensation 
may also occur. Moisture is transferred by sorption as well as condensation, the 
contribution of sorption being very low. Therefore, the moisture transfer rate during 
so-called summer operation is also low. Moisture transfer by sorption depends on 
the chemical treatment and varies from one manufacturer to the next [26]. 

 
 

3. Condensation wheel: The storage mass consists in a smooth, untreated metal 
(mostly aluminium), transferring moisture only when condensation occurs on the 
warm air side and (part of) this is taken up by the cold air. The occurrence of 
condensation causes an increase in pressure drop. Condensation may be carried 
along with the air flow. The transfer of moisture is possible only if condensation 
occurs. With large temperature differences, moisture recovery figures up to 60 % 
may be achieved. The moisture recovery figure of a condensation wheel is quite 
high over a broad temperature range and that moisture is transferred mainly when it 
is needed, i.e. during winter [26]. 

 

In the next figure we can see the different moisture recovered by the different 
kinds of wheels:  

 

 
Graphic [1.7.]: Fig. 5: Characteristic moisture recovery figures of different wheel 

types depending on the condensation potential [26]. 
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Now I would like to move to another point. In the next point we could see an 
experimental test made by simulation. . 

 

5.5 Some experimental test 

 
In this point I would like to show some result from a simulation. With this 

simulation we can see more or less the values of work in installation I mean the 
parameter of work of a installation. This simulation has been made by Simulation 
Research Group at Lawrence Berkeley National Laboratory. The model is developed 
within the Simulation Problem Analysis and Research Kernel (SPARK). In the 
simulation, the building model was generated by SimSPARK (SimSPARK was 
developed at LEPTAB La Rochelle, France, to automatically generate simulations for 
building applications and visualize results [20]. 

 

This model has the next characteristics and with these results of this simulation 
we can know something more about the behaviour of the system: The model is an air 
installation coupled to the building, in which regeneration temperature was assumed 
constant and equal to 50°C. This model was used to show the influence of various 
design conditions on the performance of the desiccant cooling system. Those conditions 
consist of direct humidifier efficiency, indirect humidifier efficiency and rotating heat 
exchanger efficiency. The simulations were run for a typical summer day and only for 
the air installation running in the desiccant mode [20]. 

 

Model results: In this case, the performance of the desiccant cooling system is 
evaluated in terms of room temperature at 3 P.M. and system coefficient of performance 
(COP). The latter is defined as the heat removed from the process air stream divided by 
the energy input to the cycle (from humidifiers, pumps, wheels and fans).    
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Below we can see the results of the simulation, The Evolution of system COP and 
room temperature is a function of direct and indirect humidifiers efficiency [20]:  

       
Graphic [1.8.]: Heat exchanger’s efficiency is 0.8. For a regeneration temperature of 

50°C and humidifiers efficiency of 0.85 [20]. 

 

Regeneration energy is assumed free. It can be seen that direct humidifier 
efficiency has a little effect on the COP because the flow through the humidifier is a 
constant wet bulb process. So air enthalpy changes a little, but its sensible heat is 
transformed to latent heat (air temperature decreases and its humidity increases) [20].  

 

The role of this component is to cool supply air which is dried and heated in the 
desiccant wheel. It controls room comfort level. Indirect humidification system 
components (indirect humidifier and rotating heat exchanger) have more influence on 
the COP. When return humidifier‘s efficiency increases from 0.05 to 0.95, the COP 
increases from 1 to 2.2.  

Besides, changing heat 
exchanger efficiency from 0.4 to 1 
causes an increase in coefficient of 
performance from 0.45 to 3.1. In 
fact, as the efficiency of the indirect 
humidification system increases 
sensible heat transfer through the 
heat exchanger increases and supply 
air temperature at the heat 
exchanger outlet decreases.  

 

Graphic [1.9.]: Evolution of system COP and room temperature as a function of heat 
exchanger’s efficiency, for a regeneration temperature of 50°C and humidifiers 
efficiency of 0.85. 
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We can see also that increasing the efficiency of a component of 10% leads to a 
decrease in room temperature of 0.8°C for the direct humidifier, 0.2°C for the indirect 
humidifier and 0.9°C for the rotating heat exchanger  [20].  

 

After this simulation we can know more or less the values of the COP and the 
efficiency of these systems or at least theoretical values and also shows the behaviour of 
the system when you are changing different parameters.  

 

  Now we can move to the next point. In that point I would like to show you some 
characteristics values I mean values that are not exact but at least helps us to understand 
the different highlights of the installations in Europe. 
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6. Installations in Europe 
 

In this point the last one I would like to talk about some data concerning about the 
solar evaporative desiccant cooling systems and some comparisons ions with another 
kind of cool technologies. In the next graphics the result are for all the technologies that 
are using thermal collectors for air conditioning. All of these values are guidelines and 
are not exact but are useful to understand in which levels we are moving.  

 

Today there are some systems installed in Europe that use solar thermal collectors 
for air conditioning. Most of the systems were realized in either Germany or Spain [19]. 

 

  Graphic [1.10.]: Overview about systems installed in Europe (Could be not 
exhaustive) [19]. 

 

The cooling power of all the systems sums about 6.3 MW. The total are of 
collectors is about 17,500 m2. As shown in the next figure, about 59% of systems use 
absorption chillers. In about 11% of the installations an adsorption chiller is installed 
and in about 23% of the installations a desiccant cooling system using a sorption wheel. 
Only about 6% of all installations use liquid desiccant technology which shows that this 
technology is still less developed on a commercial level.  

 

In terms of the cooling capacity about 25% of the total installed cooling capacity 
uses adsorption chillers. The two largest systems installed today use adsorption chillers 
with 350 kW cooling capacity; these are the Sarantis cosmetics factory in Greece and 
the federal office for environmental issues of Bavaria in Augsburg.  
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Looking at the installed collector area the distribution is even more different. The 
desiccant systems using rotor technology are using only about 8.5% of the total 
collector area installed in all the installations, although about 23% of the installations 
use this technique [19]. 

 
Graphic [1.11.]:  Distribution of systems in terms of number of systems, cooling 

capacity and installed collector area [20]. 

. 

We can see in the next graphic something that we could see in the graphic of 
before I mean that in the adsorption technology there are the lowest amount of systems 
but has a high percentage of collector are this means that need more area per kW 
installed. Also we have the opposite with desiccant rotor because with 5.7% of the total 
systems has low level of collector are almost the half of adsorption. The number of 
panels for desiccant rotor are less for the same amount of power if compare with 
adsorption technology.  

 
Graphic [1.12.]:  Distribution of the specific collector area for the different technologies 

[20]. 



                   Solar Evaporative Desiccant cooling system   

 

69 

However, the following remarks are necessary when talking about the specific 
collector area: 

 

 The collector area is not defined in a similar way for all systems; for some 
installations only the collector absorber area is known, for some the aperture 
area and for others the collector gross area. 
 

 In some of the installations solar energy is not only used for air-conditioning but 
also for other purposes and therefore the area has been designed larger. 
 
 

 In some other plants solar energy is only used as an additional heat source 
beside others like wood burners. 

 

For this reason it is difficult to compare the installed collector area for the 
different systems [20]. 

  

6.1 Reference values 

 

The average value of the specific collector surface of all systems in Europe is 
about 2.9 m²/kW. A value of 3.0-3.5 m²/kW could be valid as reference value for 
thermal driven cooling machines. Usually for open systems the reference value is 
related to the air quantity, a value between 8 and 10 m² per 1,000 m³/h installed volume 
flow has been carried out as useful value (Henning, 2005). These values are only rough 
reference values. The specific total costs of installed solar cooling systems using closed 
absorption or adsorption chillers are in range between 5000 and 8000 EUR/kW. At open 
systems with sorption wheels specific total costs are between 2000 and 3500 EUR/kW. 

 

6.2 Some real installations 

 

Sorption-Assisted Air Conditioning in a Conference Room in Riesa: In a pilot 
project in Riesa, Saxony, planned and managed by the Fraunhofer Institute for Solar 
Energy Systems, a 330 m3 conference room is air conditioned using a solar-assisted 
(dehumidification cooling system) unit that can also be used for heat recovery during 
the heating period. The flat collector system measuring 20 m2 is operated with a 2 m3 
buffer storage unit. Maximum cooling output is 18 kW. In the first cooling period, the 
system is operable with regeneration temperatures ranging between 50-70 °C. The 
utility level of solar energy largely depends on the regulation strategy []. 
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Solar Absorption Cooling Unit in Benidorm, Spain: An early example of solar-
assisted air conditioning using an absorption cooling unit can be found in a hotel on the 
Costa Blanca. The solar system comprising 386 vacuum collectors and three buffer 
storage units (each 12 m3) went into operation back in 1992, and has since supplied a 
large share of the energy required for cooling, heating and hot-water. In summer, it is 
powered by a 125 kW absorption cooling unit with a working temperature of 96 °C. Air 
conditioning occurs via the hotel’s ventilation system which is connected to the cooling 
unit’s cold water system by a water/air heat exchanger. The solar unit’s energy yield is 
approximately 367,000 kWh/a. Operation of the solar unit allowed a 500 kW oil boiler 
to be shut down. The hotel’s energy needs were reduced by 30%. The project was 
implemented in cooperation with GmbH and the company Serda, Belgium. 

 

Solar Absorption Cooling Unit in Cologne: The Cologne example shows that 
solar-powered absorption cooling units can even be operated in milder climates. In the 
Pörz district of Cologne, two solar-powered LiBr/Water absorption cooling units 
provide cooling for the air conditioning in an office building built in the 1970s. The air-
conditioned space measures 1,628 m2 and is distributed over four floors. A maximum 
allowable room temperature of 26 °C results in a maximum cooling load of 77 kW 
which is carried through cooling pipes filled with cold water. The cooling unit has a 5 
m3 cold water storage buffer. The required heat output of maximum 107 kW supplies a 
collector area of 176 m2. To achieve the rated upstream air temperature of 95 °C even 
in unfavorable conditions, vacuum tube collectors are used to support the low 
temperature heating system during the heating period. Apart from the cooling output of 
120 MWh/a, the solar system saves around 19 MWh of heat. The project is funded by 
the EU and receives metering and scientific support from the University of Applied 
Science in Gießen-Friedberg. 

 

Solar Adsorption System at the University Clinic, Freiburg: An 80 kW 
adsorption system is currently being installed at the University Clinic in Freiburg to 
supply cooling. The system is supplied thermally by a collector area of about 90 m2 
(vacuum tube collectors). The aim of the research project, which receives scientific 
support from the Fraunhofer ISE, is to perform an evaluation on combining adsorption 
cooling technology with solar powered heating. 

 

 

After these different installations we can see that the main installation as we could 
see before is installed in Germany and Spain. In the last term I would like to move to 
the last point, which one we will talk about the conclusions of the use of these systems.  
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6.3 Different configurations of SDEC  

 

There are different kinds of configurations for the SDEC. All of them are based in 
the technology and the processes that have been described before. Now we can pass to 
see different configurations:  

 
1. Single stage dehumidification. In the next graphic we can see the different between 

single and double stage of dehumidification:  
 

 

Graphic [1.13]: Double vs. Conventional single dehumidification [30]. 

 
 
2. Double stage dehumidification by using two adsorbent rotor is an easy way to 

obtain a higher dehumidifying performance [30]: 

 
Figure [1.19]: Scheme of a double stage dehumidification installation [30]. 

 

After the scheme we can describe some characteristics of the cycle:  

 

 The first stage performs pre-drying of air. 

 The pre-dried air (B) is input air for the second stage. 
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 The dehumidified air (A) is cooled down with counter currently supplied 

ambient air and its relative humidity is increased.  

 The second stage produces cool / dry air for air conditioning. 

 

3. Multi-pass honeycomb rotor adsorber has a possibility 
to achieve the isothermal dehumidification. A multi-
pass honeycomb rotor adsorber has a sandwich 
arrangement of honeycomb adsorbent blocks and 
passages made of aluminum [30]. A multi-pass 
honeycomb rotary dehumidifier has been proposed to 
achieve a low-temperature heat driven adsorptive 
desiccant cooling process. Adsorption heat caused in the 
adsorption step can be removed by cool air which is 
counter-currently passing through inside of the passages 
to maintain the sufficient adsorption capacity. The heat 
of vaporization water remaining in the passages also 
accelerates the cooling of the adsorbent rotor. 

Figure [1.20]: Scheme of a Multi-
pass honeycomb rotor adsorber [30]. 

 

The 2 next configurations are applications of solid desiccant systems. The 
adsorbents attract moisture due to the electric field on the surface of the desiccant. This 
field is not uniform in force or load, and attracts the water molecules have an opposite 
net charge on specific sites on the surface of the desiccant. Within the solid adsorbent 
are: silica gel, zeolites, synthetic zeolites, alumina and activated carbon [32].   

 

4. The cycle of ventilation or Pennington cycle: The cycle of ventilation was first 
patented by Pennington in 1955. The following figure shows this cycle [32]: 

 
Figure [1.21]: Scheme of a Multi-pass honeycomb rotor adsorber [30]. 
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The system takes air from the environment (1) and is sent to the rotary 
dehumidifier using solid desiccant, which absorbs moisture in the air. The air 
temperature increases due to the energy released during the adsorption process. The air 
enters the conditioned space is cooled appreciably first rotary heat exchanger (2) and 
then evaporative (3). Air exiting the room is cooled evaporative (5), then passes through 
the sensible heat exchanger which recovers heat of adsorption of air supply (6). Then 
heat with low-grade thermal energy (7) and the resulting hot air is used to regenerate the 
desiccant (8) [32]. 

 

5. Cycle recirculating: This cycle is a variation of the ventilation cycle. The difference 
between the two is that the air is recirculated through the dehumidifier and other 
components. Ambient air is used to regenerate and then released [32]. In the next 
picture we can see the scheme: 

 
Figure [1.22]: Scheme of a Multi-pass honeycomb rotor adsorber [30]. 

 

In the ventilation mode ambient air is dried and heated by the dehumidifier, 
regenerative cooled by the air discharge, the process can be controlled for temperature 
and humidity of supply are lower than the house, and this allows meet the sensible and 
latent loads. The discharge air cools evaporative first sink to maintain a temperature 
below the heat transfer of air supply in the regenerator. The air is then heated by a 
power supply that could be any conventional fuel, a solar source, or both. The passage 
of heated air through the desiccant dehumidifier regeneration and cools the air. 

 

The recirculation mode shown in figure uses the same components as the mode of 
ventilation. However, the room air is recirculated and only used ambient air for 
regeneration. The air of the room is dehumidified and heated desiccant wheel and then 
evaporative cooled before re-enter the room. The ambient air is cooled evaporative, and 
then is heated by a power supply. The heated ambient air through the dehumidifier and 
regenerates the desiccant.  
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Other kinds of systems are the systems called open system. Now we can see some 
configurations:  

 

6. The next picture shows a standard desiccant cooling system with two dehumidifiers, 
a dehumidifier wheel and the heat recovery exchanger. This is a standard system 
because is a typical configuration for this systems and as we was talking in the 
pages above. The change of the air states during the process in the diagram of humid 
air is showed also in the left part of the picture.  

 
Figure [1.23]:  Scheme of solar-powered desiccant cooling system with backup 

heater. [19]. 

 

7. In climates with high humidity and high ambient temperatures, may require a 
special configuration, if you include a drying cycle. In the next figure we can see a 
system that is used for climatic conditions with high ambient air humidity values. It 
has a enthalpy exchanger pre-cools and pre-dehumidifies air:  

 
Figure [1.24]: Desiccant cooling cycle for high ambient air humidity values [19]. 
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8. Desiccant cooling cycle with cooling coils supplied by chilled water for climatic 
conditions with very high ambient air humidity levels. The first cooling coil pre-
cools and pre-dehumidifies the air and the second cooling-coil adjusts the supply air 
temperature according to the desired value; no supply air humidifier is employed. 

 
Figure [1.25]: Desiccant cooling cycle with cooling coils supplied by chilled 

water [19]. 

 

After the some different configurations for the SDEC systems we can pass to talk 
about the best choice in function of the kind of installation.  

 

6.4 Decision-making 

 

In general in this point I will try to put the different configurations that we can use 
for the different climes, in the next figures showed we can see the highlights of the 
different configurations and the characteristics and conditions of the climate region of 
the installation located. 

 

1. Installation is considered a continental climate, with mild conditions of temperature 
and humidity outside. Therefore, you can use a standard cycle of an evaporative 
system with desiccant wheel (DEC). The decision making scheme is the standard 
installation DEC [34]. 
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Figure [1.26]: A decision making system configuration DEC warm weather and 

the corresponding general system scheme [34]. 

 

2. Another option for warm weather and extreme climates with high ambient air 
humidity is a conventional air conditioning system, all air and hot air supply and 
cooling / dehumidification. In this configuration, the solar thermal heat is used to 
operate a heat powered engine, which is connected to the heat exchanger water / air 
in the air supply. The air conditioner is equipped with an evaporative machine, 
combined with heat recovery unit allows pre-cooled fresh air [34]. 
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Figure [1.27]: A decision making system configuration and system applied in temperate 

and extreme climates. [34]. 

 

 

3. In extreme climates, standard DEC cycle is often not enough to meet the 
temperature and humidity set points. You can consider many special configurations 
DEC cycle, one of which is an evaporative drying cycle in combination with a 
chilled water system. Dehumidification is achieved mainly through desiccant wheel 
and desiccant cycle is maintained using solar thermal heat for the regeneration of the 
sorbent unit. The system configuration was performed in a demonstration plant in 
Palermo, Italy. However, the heat of regeneration in this case is not provided by the 
solar thermal collector, but for the use of a cogeneration unit. The electricity 
produced simultaneously operates the compression refrigeration machine. But in 
principle, such systems can also work with solar heat [34].  
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Figure [1.28]: Decision making system configuration and some system applied in 

climates with high humidity and high temperatures [34]. 

 

After that point in which one we have talked about the different characteristics 
that have to have the buildings and the different configurations that in function of 
different conditions where the installation will be installed, we can pass to talk about the 
conclusions of this project.  
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7. Conclusions 
 

In these point I would like to talk about how useful are the air conditioned 
installations that are supplied by solar energy. In this project I have described all the 
main components of the system and also the characteristics and the technologies that are 
in use. 

 

 First of all we can say that the solar cooling systems are sometimes supplied by 
solar energy, another times are co-supplied, but in both cases the solar energy is very 
useful because in both cases are helping to reduce the necessity of conventional energy, 
I mean as conventional sources as coal, diesel or another kind of non renewable energy. 
For this reason the sun is one of the best allies because for its characteristics conditions 
are perfect for to use to supply the necessary heat for to dry the air necessary for to cool. 
The purpose of the solar part of the installation is to provide the enough energy (heat 
energy) to dry the moisture of the air, necessary condition f or to use into the rotary heat 
exchanger.  

 

The tendencies in solar air conditioning show a clear preference for absorption 
cycles over other heat-powered cycles, in two directions: closed-cycle and open-cycle 
systems. While the main thrust in research on closed-cycle absorption systems has been 
toward increasing the operating temperature in order to improve efficiency through 
multi-staging, open-cycle absorption (desiccant) systems have been developed for use 
with low temperature heat sources such as flat plate solar collectors. With both 
alternatives, the economics of solar cooling are dominated by the solar part of the 
system (collectors and storage). This is one of the mainly obstacle of these installations 
because the necessity of the use of the solar collectors do that this installations always 
has economical problems. 

 

Concerning to systems based in closed-cycles with absorption chillers with LiBr–
water we could say that the costs for the double-effect technology are higher than the 
single-effect systems. The higher costs are produced for the higher cost of collectors and 
storage. Triple-effect systems are prohibitively expensive, again due to the cost of the 
high temperature collectors. For these reason if the costs of the panels are high and the 
amount of area of the panels per kW installed are the highest ratios means, that the costs 
of these installation are high and after a long time using this kind of technology is 
necessary to look for another systems and the use of the open cycles is perfect because 
for example the solar evaporative desiccant systems using desiccant wheels has higher 
ratio (m2/kW) than the closed cycles for these reason this parameter has effect in the 
costs of the installation. [We could saw that the 22.9% of the installations are desiccant 
wheels and only contain the 8.4% of panels used in contrast with the chillers]. 
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The desiccant cooling can be either a perfective supplement to the traditional 
vapour compression air conditioning technology to attenuate the effects of its 
drawbacks, or an alternative to it for assuring more accessible, economical, and cleaner 
air conditioning. Still more importantly, when powered by free energy sources such as 
solar energy, and waste heat, it can significantly reduce the operating costs and increase 
considerably the accessibility to the air conditioning for the populations in remote areas, 
especially in developing countries. The open-absorption cycle has been identified as a 
basis for promising cooling systems capable of exploiting efficiently low-temperature 
solar heat, as well as other, similar sources of low-grade heat. 
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