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SUMMARY 
 
In last years the international market of air conditioning pointed out a growing interest for solar cooling. This kind 
of interest was encouraged by the introduction of small size absorption chillers suitable for residential 
applications. The aim of this work consists of a comparative evaluation of these systems to assess their respective 
potentialities. Such comparison allows to point out qualities and limits of each system, giving some indications to 
anyone who would like to enter the solar cooling market. 
Finally, even though recent publications presented some of these combined systems (absorption chiller – solar 
panels) as already operating, the paper underlines how important technical aspects are yet unsolved. Therefore at 
the Industrial Engineering Department laboratories a research project was developed, aimed to investigate the 
behaviour of a solar field absorption machine. 
 

 
 
 
 
 
 

 
 
 
 
 
 

INTRODUCTION 
 

In last years the consumption of energy for air 
conditioning knew a dramatic increase, due to higher 
comfort condition requirements. Besides the wide use 
of compression machines fed by electric energy 
increases the demand peaks of electric power in 
summer (figure 1). Greenhouse gases emissions 
raising with energy consumption and refrigerant fluid 
losses, make worse the vicious circle linked to the 
climatic change. 

 
 

Fig.1 – Historical evolution of summer and winter 
demand peaks of the Italian net   

 
In this context the possibility of using solar energy for 
residential cooling finds its better applications, taking 
into account of the maximum contemporaneity 
between availability of solar radiation and cooling 
demand. Nowadays, absorption chiller result, in fact 
,one of the more promising technologies for the 
energy saving in the refrigeration field. However the 
need of using small volume technical spaces and, at 
the same time, limited solar collector surfaces , imply 
more research efforts to improve the technical and 
economical feasibility of these kind of systems. 
This article, by giving a recognition on the state of the 
art of the sector and reporting some data and results 
about a system realized at the laboratories of the 

Industrial Engineering Department of the University 
of the Study of Perugia, underlines how the research is 
now in the precompetitive development phase near to 
its commercial evolution.  
 
STATE OF THE ART OF ABSORPTION 
CHILLERS  
 
Thanks to the interesting applicative aspects 
highlighted, the industry has began to insert, in the 
international market, little size absorption chillers (6 – 
17 kW of chilling power), designed to be fed by solar 
energy. Through an in-depth market research, a group 
of absorption chillers have been individuated, 
satisfying the above stated requirements and so able to 
enter soon the market. Low power absorption chillers 
are not very common and there are no data available 
about their real perfomances in long periods 
applications. Therefore, only systems in 
precompetitive development were chosen because 
they are ready to be commercialized. 
 
Group I 
   This chiller (figure 2), produced in Sweden, has an 
operating process that is based on a cycle of charge 
and discharge of two similar barrels, each one 
constituted by two heat exchangers (reactor – 
condenser, evaporator – absorber) which, alternating, 
are able to give or store energy. The working fluid is a 
solution of H2O-LiCl. 
In the charge phase the water evaporates in the reactor 
and condenses in the upper heat exchanger that now is 
working as condenser. During the discharge phase the 
water evaporates in the upper heat exchanger, that 
now is working as evaporator, and condenses in the 
reactor, that now is working as absorber. This chiller 
can also operate with the inverse cycle, in this way it 
can be utilized during winter to produce heat. 
However, this kind of configuration introduces 

winter 
summer 



significant complication in the plan layout and raies 
maintenance costs. 
 

 
Fig.2 – Picture of the Swedish chiller. 

 
As shown in figure 3, the charge power increases if 
the temperature of the hot source increases and if the 
temperature of cooling water diminishes. 

 
Fig.3 – Charging power vs hot feeding fluid 

temperature and of the cooling water temperature 
(Ths). 

 
Ratings of this chiller are showed in the table 1. 
 

Typology Capacity Maximum 
power 

COP 

Summer 56 kWh 10/20 kW 68% 
Winter 76 kWh 12,5/25 kW 85% 

Tab.1 – Ratings of the Swedish chiller. 
 
Group II  
The second system, investigated at the Technische 
University of Berlin [1] and nowadays in the 
production phase, is a classic absorption chiller that 
uses H2O-LiBr as working fluid. Ratings of this chiller 
are showed in the table 2. 
 
 
 
 
 
 
 
 
 

Nominal chilling capacities kW 8,8 10 
Temperature  
(in-out) °C 12-6 18-15 

Flow  m3/s 3,61*10-4 8,05*10-4 chilled 
water Pressure drop 

mbar 350 

Temperature  
(in-out) °C 85-75 72-62 

Flow m3/s 3,33*10-4 3,33*10-4 
Hot water 

Pressure drop mbar 200 
Temperature  
(in-out) °C 35-27 35-27 

Flow m3/s 7,22*10-4 7,22*10-4 cooling 
water Pressure drop 

mbar 320 

electric net V 230 V ~ 1 ph 50 Hz 
Pump of the  
absorber W 70 electric 

need 
Pump of the  
refrigerant 

W 50 

Tab.2 – Ratings of the absorption group realized at the 
Technische Universität of Berlin  

 
This chiller, actually, seems to be the most promising 
one for the simplicity of the hydraulic system and the 
possibility of solar energy feeding. From the economic 
point of view, a preliminary analysis, showed a high 
ratio between initial investment and kW produced. 
However, if this chiller is fed by solar energy it needs 
of a control system of the working fluid solution 
concentration because the LiBr mix may cause 
encrustations which can compromise the inner parts of 
the machine. 
 
Group III 

The German producer, is going to put in the 
international market a 15 kW absorption chiller. It is a 
system with tested performances but it requires a 
feeding solar power of 21 kW unsuitable with the 
residential applications. 
It is made up of two separate where evaporator-
absorber and generator-condenser are positioned. This 
chiller realizes the classic absorption cycle and utilizes 
H2O-LiBr as working pair. Ratings of this model are 
presented in table 3. 
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Chilling power (kW) 15 
COP 0,71 

T in (°C) 17,5 
T out (°C) 11 
Flow (m3/h) 1,9 
Pressure drop (mbar) 350 

 
 
Chilled water 

Nominal pressure.  (bar) 6 
Power in (kW) 21 
T in (°C) 90 
T out (°C) 80 
Flow (m3/h) 2,0 
Pressure drop (mbar) 250 

 
 
Hot water 

Nominal Pressure bar 6 
Cooling power  (kW) 35 
T in (°C) 30 
T out (°C) 36 
Flow (m3/h) 5 
Pressure drop (mbar) 900 

 
 
Cooling water 

Nominal pressure. (bar) 6 
Length  (mm ca.) 1500 
Width    (mm ca.) 7500 

 
Dimensions 

height        (mm ca.) 1600 
Tab.3 – Ratings of the German chiller. 

 
 
Group IV 
An absorption chiller, working with the H2O-LiBr 
pair, with a nominal refrigerant power smaller than the 
others (table 4), is already in the production phase by a 
Spanish company. This model is very compact and it 
is available also with an incorporated cooling system 
that removes the heat from the machine. 
 

 Chilling Cooling 

Tin  11 °C 42 °C 

Tout  9 °C 47 °C 

Flow (m3/s) 3,33*10-4 5,55*10-4 

 

Water 

circuit 

Pressure drop 0,3 bar 0,4 bar 

Heat to the 

generator  (90°C) 

 

6,7 kW 

Tin (°C) 90 

Flow (m3/s) 3,33*10-4 

Hot 

circuit 

Pressure drop 0,2 bar 

Average courrent absorbed  

(A) 

1,2 

Average electric power (W) 286 

Tab.4 – Ratings of the Spanish chiller. 
 

 
Fig. 4 – Spanish machine, connection motor - chiller. 

 
The particularity of this machine consists of the 
rotating generator. An electric motor is coupled with 
the generator and during the cycle it rotates with a 
constant speed equal to 260 rpm (figure 4). The effect 
that this rotation induces is an improvement of the 
mass and heat transfer process. In this way, increasing 
the efficiency of the system, weight and bulk decrease.  
 
Group V 

This is a Japanese model whose ratings of which are 
presented in table 5. The peculiarity of this system is 
the absence of the internal circulation pump and so the 
total independence of the refrigerant process from any 
electric feeding; this compromises, however, the 
power output of the system 
 
CHILLING POWER                     17,4  [kW] 
CHILLED WATER 
Tout                  9        [°C] 
Tin                 14      [°C] 
Flow                                          0,83    [l/s] 
Max Pressure at the Evaporator  98      [kPa] 
HOT WATER 
Tout                 82      [°C] 
Tin                 88      [°C] 
Flow                                          1,157  [l/s] 
Max Pressure at the generator     295    [kPa] 
Thermic need                    29,1   [kW] 
COOLING WATER 
Tout                34,5   [°C] 
Tin                29,5   [°C] 
Flow                                        2,22    [l/s] 
Max circuit pressure            295     [Pa] 
COP 0,6 

Tab. 5 – Ratings of the Japanese chiller. 
 

The independence from the electric feeding, makes 
interesting a in depth analysis of the internal processes 
of this system where the coefficient of performance 
(COP) depends only by the ratio (freezing power 
produced – thermic feeding power).  
Therefore, this absorption chiller was the object of the 
study at the laboratories of Industrial Engineering 
Department of the University of Perugia, through a 
proper experimental plant fed by solar energy and 
monitored by a real time acquisition system. 
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SOLAR COOLING PLANT OF THE 
UNIOVERSITY OF PERUGIA 

 
The absorption system fed by solar energy realized 

at the laboratories of Industrial Engineering 
Department of the University of Perugia [2][3], 
allowed the performance evaluation of the absorption 
chiller with different climatic conditions as incident 
solar energy and the average temperature of the 
external air.  
The solar energy collectors’ system is made up of 15 
evacuated tubes panels with an effective surface of 30 
m2. The collectors are orientated towards the south 
direction with a tilt angle of 20°, they are disposed on 
three strings each one composed by 5 modules. This 
kind of disposition has been chosen because it is 
characterized by best performances and minimum 
pressure losses of the circuit. 
The circulation of water in the solar circuit is given by 
a pair of twin pumps that are positioned in the 
laboratory immediately after the heat exchanger. The 
plant of the solar circuit is presented in figure 5. 

 
Fig. 5 – Solar absorption system of the University of 

Perugia; plant of the solar circuit. 
 
The mixture of water and glycol of the solar circuit 
cannot be directly used to feed the absorption chiller; 
for this reason there is an heat exchanger that allows 
the thermal energy transfer from the circuit solar 
mixture to the water that is sent to the users. 
As illustrated in figure 6, the heat transferred by the 
exchanger is stored in a 600 l first tank (S). This tank 
is connected, by another independent circuit, with a 
second tank (boiler B) of major capacity (1500 litres) 
that contains a group of three electric resistances (30 
kW) for thermal auxiliary energy. 
The storage system described  can work in three 
different ways: 
1 storing in the tank and mixing with the boiler; 
2 chiller direct feeding without storage 
3 fan-coils feeding for winter operating. 
The three operating cases are described as follow: 
 

 
Fig. 6 – Solar absorption system of the University of 

Perugia; plant of the system. 

 
Fig.7 – Solar absorption system of the University of 

Perugia: picture of the tank. 
 
Case 1.  Storing in the tank and mixing 

with the boiler 
In this case the solar energy is given to the tank by 

the heat exchanger. The twin pumps (group 1, SC-S in 
figure 6) allow the water circulation between the tank 
and the heat exchanger. Another couple of twin pumps 
(group 2 S-B, in figure 6) allows the mixing between 
the tank and the boiler. the switch of these two groups 
is automatically regulated by an electronic control 
when the tank temperature reaches the limit manually 
imposed. If the temperature in the tank falls down 
under the limit imposed on the thermostat the two twin 
pumps groups switch off automatically. The water in 
the boiler, finally, is sent to the chiller by the third 
pump (group 3). 
 
Case 2.  Chiller direct feeding without 

storage  
    The plant runs this operating case if the temperature 
inside the collectors reaches a limit established and 
fixed on the electronic control; when this happens a 
system of electric valves is activated, allowing the 
circulation of the fluid directly to the chiller (figure 8). 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8 –  Solar absorption system of the University of 
Perugia; operating way scheme in case 2. 
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Case 3.  Fan-coils direct feeding for winter 
heating  

   This configuration (figure 9) is used for winter 
heating utilizing three fan-coils: a 9 kW one and a 
couple of 3,5 kW each. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9 –Solar absorption system of the University of 
Perugia; operating way scheme in case 3. 

ANALYSIS OF SYSTEM PERFORMANCES  
In table 6 the results of some days of tests are reported 
with different climatic conditions and for different 
operating configurations of the system. 
In each measurement the switch on time of the chiller 
is changed: in relation with the temperature of feeding. 
In fact, it needs a starting period higher than 30 

minutes when this temperature is lower than 88°C. 
The same period is requested if the period of inactivity 
is longer than 3 – 4 days. 
The tests effectuated allowed to verify the 
functionality of the installation and the acquisition 
system. The different operating way for the system are 
continuously analyzed to identify the best operative 
configuration and, therefore, to obtain the maximum 
use of the solar source with a minimum use of electric 
resistances and a major COP of the absorption chiller. 
Next tests, therefore, will be done with some different 
temperatures fixed in the electrical controls, in the 
thermostats and in the refrigerant water but above all 
trying to maintain, the same weather and operating 
conditions at the aim of obtaining comparable results. 
However, preliminary tests gave a daily value of COP 
between 0,35 and 0,46 (table 6). Values lower than the 
nominal 0,6 but, in any case appreciable, considering 
that they are obtained with a feeding solar system that 
cannot supply constant thermal power. 

 
 
 
 
 
 
 

 
 
 
 
 

Typology Time T min  
°C 

T max 
°C 

rad 
min  

W/mq 

rad 
med  

W/mq 

rad 
max 

W/mq 

Resistance  
kWh 

Solar  
kWh 

kWh tot. 
really give to the 

system 

 Total solar 
fraction % 

COP 

11.00-17.00 28 35 444 870 1109 40.2 58.9 85.2 69.2 0,45 

11.00-17.00 27 37 232 910 1118 80.0 67.6 142.4 47.5 0,43 

Mod. I 
One room  

tank 
boiler 11.00-17.00 25 37 357 864 1126 38.0 68.9 106.9 64.5 0,43 

15.00-18.00 27 38 289 640 837 nc 27.6   0,42 

13.00-17.00 25 36 456 557 1073 - 14.3 14.3 100.0 0,41 

11.00-17.00 25 33 289 965 1150 93.8 78.8 145.4 47.4 0,42 

11.00-17.00 25 32 208 915 1269 43.1 64.5 107.6 59.9 0.40 

11.00-17.00 28 30 464 906 1135 66.7 73.0 122.0 55.2 0,41 

Mod. I 
Tank and boiler 

thermally 
separated 

11.00-17.00 21 35 411 875 1186 79.4 65.2 144.6 45.1 0,42 

11.45-17.00      - 73.4 73.4 100.0 0,38 
Mod. II 

Direct solar 
11.50-14.30 27 35 167 695 1135 - 33.8 33.8 100.0 0,37 

Tab. 6 – Energy and climatic data of each measurement. 
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Fig. 10 – Solar absorption system of the University of Perugia; efficiency of the system expressed by Solar Fraction   
Index SFI (%). 

 

In figure 10 the efficiency of the solar plant is 
reported, expressed in percent values of the 
covered requirements (SFI) of the chiller. The 
graph highlights, particularly, how the group 
worked principally in the months of June and July, 
when the request of cooling of the laboratories 
were higher ( in August the laboratories are almost 
not operative) and in these periods of maximum 
operating it is possible to see the highest values of 
solar fraction covering (higher than 35%). It is 
underlined that the greater potentiality of this 
technological solution has the best performances 
when more freezing power is required. 
Therefore, it appears that the system can be fed 
only by solar energy exclusively during the hottest 
hour of the day (from 12:00 to 16:00). In these 
conditions it receives a power of about 15 – 18 kW 
at a temperature of about 70°C and it presents a 
COP of 0,35. 
At nominal working conditions of the chiller (in 
terms of exchanged powers), collectors can give 
average values equal or upper than those evaluated 
in the design phase, achieving solar fraction even 
greater than 60 %. 
 

Conclusions 
 
In the present work the research state of the art on 
absorption chillers systems of small size fed by 
solar energy for the residential sector was 
conducted. It is underlined that the introduction of 
this kind of systems in the market of the cooling air 
is yet in a phase of precompetitive development.  
However, this phase is next to an end as the 
analysis done on these systems, by the University 
of Perugia, showed that the solar cooling 
technology is mature to become an answer to the 

high level of electric consumption due to the 
summer air cooling and to contextual problems of 
reducing greenhouse gases emissions.  
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