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Solar sorption chillers have a
decisive advantage: they cool the most
whenever it is particularly hot.

Cool climate

from the
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mall-scale solar cooling systems are an environmentally friendly alternative. During the
last few years especially in Europe various new
sorption chillers with small-scale capacity
have been developed. Many of these absorption and adsorption chillers have now passed
over from prototype stadium into field tests and production, so that a rising amount of products is expected within the next few years. The market potential for
solar cooling with small-scale capacity is very large, so
that different companies are developing solar cooling
kits for the product business. An all-season use of renewable energy sources for hot water, space heating
and solar cooling is here indispensable. Therefore the
latest sorption chiller and solar cooling kit developments as well as projects are presented.
Active air-conditioning of buildings is also necessary
at European climate conditions, especially in Southern
Europe, if high internal and external loads can not be
removed by an efficient night ventilation or where alternative low-energy cooling technologies like ground
heat exchangers are not available or have not been sufficiently dimensioned and high comfort claims are set
on the inside climate during the summer. Usual electrically driven compressor chillers (split-units) have maxi-

mal energy consumptions in peak-load period during
the summer. In the last few years even in Europe this
regularly leads to overloaded electricity grids. The refrigerants that are currently used in the split-units do
not have an ozone depletion potential (ODP) anymore,
but they have a considerable global warming potential
(GWP), because of leakages of the chiller in the area of
5 to 15 % per year.
However, solar cooling provides a sustainable active
air-conditioning possibility. The sorption chillers use
environmentally friendly refrigerants and have only
very low electricity demand. Therefore the operating
costs of these chillers are very low and the CO2 balance
compared to split-units is considerably better. The main
advantage of solar cooling is the coincidence of solar irradiation and cooling demand. One disadvantage is the
higher re-cooling capacity of the sorption chillers,
which leads to larger re-coolers.
In case active cooling being necessary, the long running times of the chillers are the key for economic efficiency of solar cooling. For domestic buildings in Central Europe only about 50 to 200 cooling hours occur,
whereas in the southern Mediterranean area as well as
for some industrial and office buildings approximately
1,000 full load hours are necessary.

scorching sun
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Sorption technology
The mainly used technologies for solar air-conditioning
with small-scale cooling capacity (< 30 kW) are absorption and adsorption cooling. Single-effect absorption
chillers with the working pair water/lithium bromide
and ammonia/ water respectively are generating cold
over a closed, continuous cycle. The ammonia/ water
absorption chillers could generate evaporator temperatures down to –60  °C, which are useful for industrial cold
processes. Using water as refrigerant the evaporator
temperature is limited to temperatures above the freezing point. 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 70 and 120  °C
according to the technology. Basically absorption chillers are used as central air-conditioning systems with decentralised fan coils or cooled ceilings.
At adsorption chillers the refrigerant water is adsorbed 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 55 to 70  °C, so that this technology is especially appropriate to the application of solar energy. The
closed adsorption chillers are generating cold water of
minimal 5 to 6  °C through the periodical cycle. These
chillers can also be used as central air conditioning systems with decentralised fan coils or cooled ceilings.

Market ready developments
The company Yazaki from Japan has been offering water/ lithium bromide (LiBr) absorption chillers with 35,
70 and 105 kW cooling capacity since 1977 [1], whereas
the 35 kW machine is the most used absorption chiller
for solar cooling projects worldwide until now. In 2008 a
new 17.5 kW LiBr chiller is going to be offered in Europe.
Further water/LiBr absorbers with 15 kW to 200 kW cooling capacity are offered by EAW f rom Germany, whereas the two smallest chillers (15 kW and 30 kW) are distributed exclusively by Schüco, Germany since May 2007
[2]. These absorption chillers produce at evaporation
temperature of 11  °C, re-cooling temperature of 30  °C
and 90  °C hot water temperature a
COP of 0.75. Low generator
temperatures
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The Climatewell 10 is a water/
LiCl absorption chiller with
integrated storage of salt solution.
Photo: Climatewell

In 2008 this new 17.5 kW
water/ LiBr absorption chiller
WFC-SC5 is offered in Europe
by Yazaki.
Photo: Yazaki

between 70 and 90  °C are possible at accordingly reduced cooling capacity. The company Sonnenklima,
Germany carries out field tests on different European locations with a 10 kW LiBr chiller, the suninverse 10, with
high COPs and low driving temperatures of 75  °C (at simultaneous high evaporator inlet temperature of 18  °C)
[3]. A small batch production is planned for 2008 and
the market introduction should be in 2010. A further LiBr chiller with low cooling capacity is being developed
and analysed through field tests by Rotartica, Spain
since a few years. With measured 4.2 to 5.1 kW cooling
capacity COPs of approximately 0.42 were achieved [4],
whereas the used rotating absorber enables working
with dry re-cooling – an important advantage at smallscale installations. The company Abakus, Germany has
developed a water/LiBr absorption chiller, which runs
without a mechanical solution pump, because of using
a thermo siphon pump [5]. The cooling capacity is 3 to
4.5 kW and the driving temperatures are in the range of
85 to 100  °C.
Avoiding crystallisation in conventional absorption
chillers causes high effort, but the company Climatewell
in Sweden uses exactly this principle of crystallisation of
high concentrated lithium chloride solution (LiCl) to
arise the internal storage tightness. To expel the refrigerant water out of the salt solution and to crystallise out
two boxes with salt solution, totally 88 kWh thermal
heating is needed. First chill-

ers with a cooling capacity range of 7 to 10 kW have
been in the field test in Spain since 2005 [6].
Since the end of the year 2006 the company SolarNext, Germany exclusively distribute a 10 kW ammonia/
water (NH3/ H2O) absorption chiller, the chillii® PSC. The
chiller is a product of the company Pink in Austria, which
uses a newly developed membrane pump. The driving
temperatures are according to cold water temperature
and possibility of re-cooling (wet cooling tower or dry
cooler) in the range of 75 to 85  °C [7]. The COPs ranges
between 0.6 and 0.65 depending on the design conditions. A directly air-cooled NH3/ water absorption chiller of the company Robur in Italy with 17 kW cooling capacity is driven by pressurised water of a Fresnel collector [8]. The chiller is a modified version of Robur’s standard gas fired product, which requires driving temperature
of 180 to 200  °C. The institute INETI of the University Lisbon developed together with company AoSol from Portugal also an air-cooled ammonia/water absorber prototype with 6 kW cooling capacity for the South-European market [9].
One problem of closed adsorption chillers is the poor
heat transfer between the solid adsorber like packages
around a heat exchanger and the heat transfer medium.
A construction of adsorption chillers with very short cycle times in the area of minutes is only possible using
coated heat exchangers with adsorption material.
The German company SorTech has developed an adsorption chiller with 5.5 kW cooling capacity [10]. Starting in March 2008 a new 7.5 kW adsorber will be available, which is for example being distributed by SolarNext,
Germany as chillii® STC8. The adsorber provides cold water temperatures of 18/15  °C and a COP of 0.53 at driving temperatures of 75/67  °C and re-cooling temperatures of 27/33  °C (wet cooling tower). Using a dry cooler (33/38  °C) driving temperatures of 85/75  °C are necessary. The company InvenSor, Germany has also
developed a water/ silica gel adsorption chiller; in 2007
a first prototype with a cooling capacity of 10 kW has
been finished [11]. A further 10 kW water/ silica gel adsorber was developed by the Shanghai Jiao Tong University, China. The adsorber is produced by the Chinese
company Jiangsu Shuangliang Air Conditioner Equipments [12].
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Market potential
Particularly the sale figures of small split-units are rising
rapidly: in Europe the number of sold units has risen
about 84 % from 4.4 million in 2003 to predicted 8.1 million in 2007 [12]. For the small-scale capacity range up
to 5 kW the Japan Refrigeration and Air Conditioning Industry Association (JRAIA) state a worldwide sale of 70.7
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million units in 2006. For 2007 a rise of 5 % to 74.4 million units worldwide has been predicted. Compression
chillers in the small-scale capacity range have a COP of
nearly 3; the best technology today offers COPs from 5
to 6. The split-units with about 70 % market share have
average COPs of 2.5 (air-cooled) and 2.75 (water-cooled).
In the USA the average COP of all electrical air-conditioning units is 2.93 [13]. The conversion efficiency of
electricity generation from primary energy is in Germany approximately 35 %. By multiplying the COP with the
conversion efficiency the primary COP can be determined. The higher the value, the more efficient is the
cold production. Compression chillers provide a primary COP which is just below 1 and with the use of best
technology maximum 2.
The first solar cooling systems for air-conditioning
were developed in Europe and the USA in the seventies
of the 20th century, e.g. by the companies Dornier-Prinz
Solartechnik, Germany [14,15] and Arkla Industries, USA
(today Robur, Italy) [16]. These systems have been realised in several demonstration projects. Due to the lack
of demand on the market for solar air-conditioning, the
production of these solar cooling systems was stopped.
Today solar thermally driven chillers are not yet economic. The solar thermal collectors are the biggest cost
factor, the operating and maintenance costs of the chillers are lower than those of conventional compressor
chillers, but the investment costs are higher because of
the low quantities [16]. Because of the high investment
costs of the solar thermal collectors, long operating
hours are deciding for the economic efficiency. Typical
full load hours of only 800 to 1,000 h for the air-conditioning of office and commercial buildings are low compared to the heating hours of approximately 2,500 h.
The market of solar air-conditioning is still small: in the
year 2006 approximately 12 MW cooling capacity has
been installed in Europe. These are about 100 to 120 solar cooling systems [17]. Most of the systems have been
realised in Germany (39.1 %), Spain (27.5 %) and Greece
(8.7 %). The altogether installed collector surface is nearly 20,000 m2. Approximately 60 % of the closed cycle
systems are absorption chillers and around 11 % adsorption chillers. The DEC systems with sorption wheels
dominate the open sorption air-conditioning systems
by 25 % and only 4 % liquid sorption systems existing.
The latest research carried out by the EU funded Rococo
project assumes that till 2007 approximately 200 solar
air-conditioning systems with small to large cooling capacity are installed in Europe and altogether 250 - 300
systems worldwide [18].

System providers
During the last years a few European solar companies
have established themselves on the market as system
providers for solar air-conditioning.
These are in the small-scale
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The water/silica gel absorptions chiller chillii® STC8,
distributed by SolarNext, provides cold water temperatures of 18/15  °C. 
Photo: SorTech

The company SolarNext,
Germany exclusively distributes a 10 kW ammonia/water
(NH3/ H2O) absorption chiller,
the chillii® PSC.
Photo: SolarNext/Pink

The SWAC-10 water/silica gel absorption chiller was
developed by the Shanghai Jiao Tong University,
and is produced by the Chinese company Jiangsu
Shuangliang Air Conditioner Equipments.
Photo: Shanghai Jiao Tong University

cooling capacity range up to 30 kW the following companies:
l CitrinSolar, Germany with the SorTech adsorber,
l Schüco International, Germany with the LB 15 and
LB30 (both absorbers of EAW),
l Solution, Austria with the adsorption chiller of
SorTech and Alaska-Sets based on the absorption chiller of EAW
l and SolarNext, Germany with its chillii® solar cooling
and heating systems based on the chillii® PSC10 and
chillii® STC8. SolarNext also use absorption chillers of
EAW and Yazaki for its chillii® systems.

These solar cooling kits basically include solar thermal collectors with attachments, hot water storage,
pump-set, chiller, re-cooler, partly cold water storage
and system control. Further European solar companies
are considering to enter the solar air-conditioning market as system providers, too.

Realised solar cooling systems
During the last years several solar air-conditioning systems in the small-scale capacity range were installed in
new and existing buildings. All of these installations
were realised with different re-cooling solutions (e.g.
wet cooling tower, swimming pool, dry cooler, cistern
and borehole heat exchangers) as the following examples show.
For the new training centre and office building of
Bachler Austria, Austria a complete solar air-conditioning system with biomass back-up has been installed between winter 2006 and spring 2007. The chiller that is
used is a chillii® PSC10 with 9 kW cooling capacity and
as recooler a 26 kW wet cooling tower as well as in addition a swimming pool. The wet cooling tower is operated with very low re-cooling temperatures of 24/29  °C for
the Middle-European application. The requested solar
heat is delivered by 40 m2 flat plate collectors, which are
mounted at the façade and on the ground and is stored
in three hot water storages with 1.5 m3 each. The cold
distribution is done by concrete core activation (cooled
ceilings) with cold water temperatures of 16/19  °C and
a dew point thimble for cooling of the training and office rooms.
A retrofit installation in an existing office building is
the chillii® solar cooling and heating system of Hightex
in Germany, which was realised 2007. For the office cooling an EAW Wegracal SE15 with 15 kW cooling capacity
and a wet cooling tower with 35 kW re-cooling capacity
at usual re-cooling temperatures of 27/33  °C were installed. 37 m2 flat plate and 34 m2 vacuum tube collectors on the flat roof are providing the necessary solar
heat. An existing oil burner is used as back-up. Two 1,000
litre hot water storages and one 1,000 litre cold water
storage are installed in the system. The cold distribution
is done at cold water temperatures of 18/15°C partly
through cooled ceilings and fan coils. The system is also
used for space heating during the winter.
First experiences with the chillii® STC6 are being
gained since the beginning of the year 2007 at CitrinSolar Headquarter in Germany [10]. The adsorption chiller
is used for air-conditioning of the offices and training
classrooms. A 16.5 kW dry cooler is applied, whose fan
can be infinitely adjusted depending on fluid temperature and some further factors. The distribution of the
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cold is realised by both fan coils as well as with connection to the ventilation system. For simultaneous operation the driving energy is provided by 24 m2 flat plate
collectors. In order to ensure high solar fraction further
collectors can be connected achieving an overall collector surface of up to 90 m2. The surplus thermal heat is
transferred into storage tanks with an overall volume of
7,500 litres. A further storage tank of 1,000 litre capacity
is integrated into the cooling cycle thus enabling to preserve a specific quantity of cooling energy and cope
with power peaks exceeding the nominal load of the
chiller. An oil as well as biomass boiler is used as backup. So far it can be stated that the chillii® STC6 is most

37 m2 flat plate and 34 m2
vacuum tube collectors on
the flat roof of the Hightex
GmbH provide the chillii® solar cooling and heating system. The heart of the system
is a EAW SE15.
Photos (4): SolarNext

suitable for the operation with solar heat. At heating
temperatures at about 75  °C the nominal cooling capacity of 5.5 kW is achieved. The possibility of the adsorption chiller to still produce cold at a heating temperature
of 55  °C is a most essential advantage compared with an
absorption chiller.
A further re-cooling possibility is realised at the solar
air-conditioning system of the company Buddenhagen
in Germany [19]. The re-cooling of the waste heat of
the Schüco LB15 with 15 kW cooling capacity occurs
through fountain water. Furthermore the system consists of 37.5 m2 roof-integrated flat plate collectors as
well as two 700 litre hot water storages and a 1 m3 cold
water storage.
The canteen of Fraunhofer ISE, Germany is cooled by
solar since 2007. For this a SorTech chiller with 5.5 kW
cooling capacity is used. The necessary driving heat is
provided by 22 m2 flat plate collectors and the institute
district heating network as back-up. 1.000 litre hot water storage acts as a buffer. Three borehole heat exchangers, each 80 m allow an effective re-cooling of the
waste heat of the adsorption chiller. The cold distribution is realised by the ventilation system, where the cold
is dissipated by a cooling register to the supply air of the
kitchen. During the winter the chiller is working as heat
pump, so the supply air is heated by
a preheating register.
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The average value of the specific collector surface of
all until the year 2006 installed solar air-conditioning
systems in Europe is about 3 m2/kW. A value from 3 to
3.5 m2/kW can be considered as a reference value for
thermal driven absorption and adsorption chillers [20].
But these values are only rough reference values and
can never replace the detailed design and simulation of
a system. The specific total costs of installed solar airconditioning systems in Europe are so far between 5,000
and 8,000 €/kW. For 2008 system prices of 4,500 €/kW
are being expected, in the future 3,000 €/kW are supposed to be reached.

A chillii® PSC10 with 9 kW
cooling capacity is working at
the training centre and office
building of Bachler, Austria:
The requested solar heat is
delivered by 40 m2 flat plate
collectors, which are mounted at the façade and on the
ground (photo on the left).

Good perspectives for small-scale
sorption chillers
In Europe and worldwide the energy consumption for
cold and air-conditioning is rising rapidly. Thermal cooling by solar energy or district heating or biomass could
be lead to a considerable reduction of energy consumption and CO2 emissions. In the small-scale capacity range
up to 30 kW several water/lithium bromide absorption
chillers, one ammonia/water absorber as well as two
water/silica gel adsorption chillers are market-ready
available in Europe. Different prototypes are under
development, especially air-cooled chillers. An assumption for single-effect sorption chillers is above all a very
high solar fraction (more than 70 %) or, even better a
complete solar heating system, because low COPs lead
rapidly to higher primary energy consumptions, if an additional heating system has to be used. For an economical operation of solar air-conditioning systems the additional invest
ment costs

Solar thermal

for the sorption chillers have to be further reduced,
which is absolutely expected at higher piece numbers.
At very low heat prices, for example at existing solar
thermal plant for the heating support, thermal solar airconditioning systems can nearly compete today with
common electrical compressor chillers. Because of the
general trend in Europe to larger solar thermal plants for
the heating support, small-scale sorption chillers offer
good opportunities to use efficiently the summery heat.
First system suppliers are acting on the market with
small-scale capacity solar cooling kits and during the
next few years more suppliers can be expected. 
Y
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The canteen of Fraunhofer
ISE, Germany is cooled by a
SorTech chiller with 5.5 kW
cooling capacity. The necessary driving heat is provided
by 22 m2 flat plate collectors
and the institute district
heating network as back-up.
Photo: Fraunhofer ISE
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