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Abstract - The aim of this work is to study the integration of solar air conditioning 

solutions in Algerian buildings and to assess the economic and environmental benefits, 

for that reason, two solar air conditioning systems were investigated, the first one is a 

solar driven absorption cooling system, the second is a solar desiccant cooling system, 

the study was carried out under three different climates; the hot and humid climate of 

Algiers, the hot and moderated climate of Constantine, and the hot and dry climate of 

Bechar. TRNSYS software was used for the simulation. Energy consumption and cost in 

addition to performance indicators and impact on environment were investigated and 

compared with a conventional vapor compression machine. The results revealed that 

solar air conditioning systems are perfectly adaptable to the Algerian climate with an 

important annual economy, and that solar desiccant cooling systems are more efficient 

under dry climates than humid climates. 
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1. INTRODUCTION 

The building sector knows a high energy consumption especially in recent years 

where comfort needs become indispensable. Algeria is going through a period marked 

by large construction projects of residential buildings and administration on the one 

hand, and on the other hand there is a large renewable energy development program 

undertaken by the Ministry of Energy and Mines, in addition to this; the political 

circumstances in the exporting countries of oil makes interesting the economy of fossil 

fuels for financial interests. 

The warm climate that marks the country requires huge amounts of energy for cold 

production ensuring the comfort of people, and since the maximum cooling demand 

occurs with the maximum intensity of solar energy received by the earth, it would be 

interesting to use solar energy for air conditioning which is the subject of this study. 

Solar energy can be integrated in different ways in the cold production systems, 

whether by electricity generated by photovoltaic panels, or by the direct use of solar 

thermal energy in the systems that produce cold from the heat, in this work we are 

interested precisely by the absorption and desiccant cooling systems because of their 

commercial availability and performance that are evolving since they are the subject of 

several studies that researchers published in the literature either on solar absorption 

cooling system [1, 5] or solar desiccant cooling systems [6, 12]. 

For the Algerian climate, no deep study was made in that way, this is why this paper 

aims to study the integration of such cooling systems in the Algerian buildings under 

multiple Algerian climate as the example of the hot and humid climate of Algiers, the 

hot and moderated climate of Constantine, and the hot and dry climate of Bechar. 

Numerical modeling is very important to predict the behavior of these systems, and 

since the TRNSYS software is a strong tool for simulating multiple solar applications 
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and used by several researchers working on solar cooling technologies, it was selected 

as a simulation environment in this work. 

2. SYSTEM DESCRIPTION AND MATHEMATICAL MODELING 

2.1 The solar absorption cooling system 

The absorption cycle is a closed heat-driven cycle; it exchanges only heat energy 

with its surroundings with no need for important mechanical energy, in our case the 

source of heat is the hot water, figure 1 gives a description for the system when coupled 

with a solar heat loop. 

The cold production is based on the evaporation of water in the evaporator at low 

pressure, the water vapor is then drawn into the absorber thereby diluting the H2O / LiBr 

solution, the absorber is cooled in parallel with the condenser through the cooling tower, 

the solution is then continuously pumped into the generator where it is heated by hot 

water coming from the storage tank, the steam generated goes to the condenser, the 

water in the liquid phase after passing through an expansion valve, returns to the 

evaporator and exchanges heat with cold water stream to feed cooling coils. 

A data file containing technical performances supplied by the Yakazi designer was 

implemented in the simulation program, the technical data is listed in the Table 1. 

 
Fig. 1: Solar absorption cooling system 

Table 1: Absorption chiller data 

Data Value Unit 

Cooling power 8.6 kW 

Chilled water minimum temperature 6.67 °C 

Chilled water flow rate 2.9 m3/h 

Inlet hot water temperature 85 - 90 °C 

Hot water flow rate 1.2 m3/h 

Cooling water flow rate 2.6 m3/h 

Nominal COP 0.7 - 

The solar energy is converted into thermal energy by the flat-plate solar collector 

field and the water is the heat transfer medium in the circuit integrated with the hot 

water circuit that includes the storage tank, the hot water can flow then through the 

generator of the absorption chiller, The flat plate collector is modeled by a quadratic 

approach according to Duffy et al., [13]: 
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And the hot water storage tank is modeled according to the following equation: 
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2.2 The solar desiccant air handling unit 

Desiccant cooling is based on the air properties and its phase-change potential, 

based essentially on a desiccant wheel playing the role of a dehumidifier and 

evaporative coolers called also humidifiers, the system needs heat source for 

regeneration of the desiccant wheel by removing moisture content continuously, the 

heat source in this case is the solar energy that, hot water coming from the storage tank 

flows in the solar heat exchanger, a second heat exchanger is also used as a backup 

energy source that is based on gas combustion, the operating principal is described 

below: 

Step 1-2: The air is dehumidified through the desiccant wheel, it results in a 

reduction of moisture content and an increase in its temperature. 

Step 2-3: The air passes through the rotary heat exchanger, it is cooled by the air 

passing through the upper cladding defined by the point 5, resulting in significantly 

temperature. 

Step 3-4: The air passes through the process humidifier, its humidity increases until 

the desired humidity of the supply air and its temperature decreases due to the 

evaporation of water.
 

 

Fig. 2: Solar desiccant cooling system 

Step 5-6: The return air from the building (regeneration air) is humidified, its 

humidity increases and temperature decreases. 

Step 6-7: The regeneration air cooled in the return humidifier passes through the 

rotary heat exchanger and cools process air. 

Step 7-8: Regeneration air passes through the solar heating coil where its 

temperature increases. 

Step 8-9: If the solar heating coil becomes insufficient, the auxiliary heating coil 

heated by the backup boiler turns on. 
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Step 9-10: The desiccant wheel is regenerated and its moisture is evacuated by the 

hot air stream. 

For the desiccant wheel modelling, a simplified model based on adsorption 

isotherms is used:
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The model was experimentally validated by Panaras et al., [12]. 

All heat exchangers were modeled by considering the minimum heat rate and 

efficiency as:  

)TT(CQ in,2in,1minheat             (8) 

The evaporative coolers (humidifiers) were assumed to be adiabatic: 
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2.3 Building description 

In order to create cooling loads, a 200 m2 office building model is coupled created 

under Trnbuild modelling software. The building is occupied and conditioned from 9 

am to 5 pm, supposed to be occupied five days a week, with a schedule for lighting and 

other internal elements that generate heat gains. The solar cooling systems are supposed 

to ensure the building air conditioning during all the cooling period that occurs from 

May to September. The same building is simulated under each climate conditions. 

3. SIMULATION RESULTS 

Let analyses the performances of the solar absorption and desiccant systems under 

the different climates, the criteria that allow us to do this is the coefficient of 

performance, which is the ratio  between cooling production and energy consumption. 

By comparing monthly COP  values for the absorption system, it can be found that 

for Algiers COP  has the lowest value while the weather is relatively less warm 

compared to the two other cities, this decrease was due to the high humidity because 

Algiers climate is humid so the wet bulb temperature is high this is the parameter 

involved in the evaporative cooling through the cooling tower, however, for the city of 

Bechar where the wet bulb temperature is low, the value of the COP  is higher and stays 

between 0.63 and 0.68 against 0.57 and 0.62 for Algiers. Constantine values are 

between those of Bechar and those of Algiers because the climate is moderate between 

dry and wet. 

Now let discuss the solar desiccant COP , for Bechar the coefficient of performance 

is very satisfactory, it reaches the value of 0.8, which coincides with the lowest value of 

the absolute humidity ratio that occurs in July, it can be seen that the value of the cop is 

inversely proportional to the value of the absolute humidity ratio of the ambient air, the 
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explanation is that when the ambient air is filled with moisture, the desiccant wheel 

absorbs a lot of water vapor and regeneration requires then a warmer air and therefore 

greater thermal energy, this proportionality can in addition be checked for the city of 

Constantine and especially the city of Algiers where the cop is between the values of 

0.32 and 0.40, this value is usually encountered in the literature for maritime 

climates[10], Algiers has a weak cop when compared to the case of Constantine or 

Bechar. 

It can be seen so that desiccant cooling solution is more effective in dry climates 

than humid climates. 

  

Fig. 3: Cop value for 

solar absorption cooling
 

Fig. 4: Cop value for 

solar desiccant cooling
 

The following figures summarize the amounts of purchased energy consumed for 

each scenario, these energies are natural gas for combustion in the backup boiler and 

electricity used in additional units of the absorption system (solution pump and pumps 

water) and desiccant system (low desiccant wheel motor, small pumps, fans and 

humidifiers). In order to put in worth the use of these systems; a comparison was made 

against a conventional vapor compression system and the required energy is also 

quantified. 

For the city of Algiers on figure 5, the use of solar energy system requires 623.74 

kWh for auxiliary thermal energy and 219.60 kWh electrical energy, against 2324.37 

kWh and 91 kWh for solar desiccant, it is obvious that the desiccant system consumes 

nearly three times more of thermal energy than the absorption system, this high 

consumption can be explained by the fact that the climate is humid and that removing 

moisture needs more energy to regenerate the desiccant wheel. The conventional system 

consumes 801 kWh of electrical energy.  

It can be deduced that for the same cooling needs that the absorption si2  more 

profitable and its use is more economical in the city of Algiers and similar climates. 

Figure 6 depicts the energy consumption for the city of Constantine, the absorption 

cooling system consumes 701.84 kWh of naturel gas and 250.20 kWh of electricity, this 

energy is greater than desiccant system which consumes 1653.24 kWh of gas and 105 

kWh of electricity the parameter defining the system more economical is the cost, which 

will be shown in figure 6, the electrical energy into vapor compression consumes 1000 

kWh. 
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Fig. 5: Thermal and electrical 

Energy consumption for Algiers 

Fig. 6: Thermal and electrical 

Energy consumption for Constantine 

For the City of Bechar on figure 7 the absorption system consumes almost the same 

amount energy (1143.56 kWh and 1158.82 kWh) for both absorption and desiccant 

system, this reduction in consumption for desiccant cooling system can be explained by 

the reduction of regeneration energy due to the dry air so the desiccant wheel does not 

have lot of moisture to absorb which leads to a reduced amount of moisture to remove, 

however the electricity consumption for the conventional system is considerably large 

with 1753 kWh against 1000 kWh and 801 kWh for Constantine to Algiers respectively. 

 

Fig. 7: Thermal and electrical 

Energy consumption for Bechar 

In terms of energy cost, and assuming that in Algeria 1 kWh of electricity costs 

nearly 6 times a 1 kWh that results from natural gas consumption, lets introduce the unit 

U  that represents the cost of one electrical kWh, so the cost on one natural gas kWh 

will be 0.16 U . 

For the cities of Algiers, Constantine, and Bechar respectively the solar absorption 

system consumption costs 318.68, 362.16, and 392.88 U , the desiccant cooling 

coupled with solar energy costs 462.84, 369.48 , and 293.46 U , while conventional 

vapour compression system costs lot of money 801, 1000, 1753 U . The results are 

shown on figures 8, 9, and 10.
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Fig. 8: Energy cost for 

solar absorption cooling
 

Fig. 9: Energy cost for 

solar desiccant cooling
 

 

Fig. 10: Energy cost 

for vapor compression
 

Now for the impact on environment, the amounts of CO2 avoided using the solar 

cooling systems have been investigated compared to the conventional system. CO2 is 

responsible of global warming and climate unbalance, this gas is released every time 

that we use fossil energy, either directly due to natural gas combustion in our case 

which release 0.285 g for each kWh, or indirectly when using electricity which is 

produced by gas combustion with an energetic yield of 0.35. 

We can observe that in Algiers solar absorption cooling system allows to save more 

CO2 than other systems, for the moderated climate of Constantine CO2 amounts are 

almost the same for both systems, and for Bechar the larger amount saved is when using 

solar desiccant cooling system. 

4. CONCLUSION 

In this work we have contributed to the economic and environmental study solar air 

conditioning systems coupled with the Algerian climate. 

Simulation results have evaluated the performance of these systems; the coefficient 

of performances can reach the value of 0.82 for desiccant cooling under the dry and hot 

climate which is rare for a single stage system. 

The energy costs of these systems is remarkably less than the use of conventional 

systems, more than 83 % of money could be saved for the desiccant system and 78 % 
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for the absorption system in Bechar, respectively 63 % and 61 % for Constantine, and 

also 30 % and 41 % for Algiers. 

 

Fig. 11: CO2 saved amounts 

For the impact on the environment, the use of the solar cooling systems can save lot 

of carbon dioxide, it was found that the solar cooling facilities are an environment 

friendly ways to ensure comfort, these solutions are a highly promising alternatives 

conventional vapor compression systems which, despite their strong performances 

remains a major consumer of fossil fuels and a large pollutant because of the strong CO2 

releases as we have just seen in the paper, in addition to this added they contribute to 

ozone layer destruction because of fluids refrigerants. 

For climate compatibility, the results showed that desiccant systems are more 

efficient under dry climates in terms of energy consumptions, while they play also a role 

in humidifying under humid climates. 

In parallel with renewable energies use, it is recommended to adopt energy policy in 

our buildings through insulation thermal, economic electrical appliances, windows 

shades … because that the rational use of energy is essential in Algeria, where the 

economy depends on oil and gas in order to conserve fossil energy reserves to ensure 

long financial prosperity for future generations.
 

NOMENCLATURE 

cA , Collector’s area, m2

 
minC , Minimum flow rate

 
1a , Linear heat loss coefficient, W/m2.°C

 

COP , Coefficient of performances

 
T , Temperature, °C

 
auxQ , Auxiliary power, kW

 
pC , Specific heat, kJ/kg

 
1f , 2f , Potential functions

 
dI , Incident radiation per unit area, W/m2

 

m , Mass flow, kg/s

 
sQ , Solar power, kW w , Absolute humidity, kg eau/kg as 

 , Efficiency F , Correction of isopotential function 

amb , ambient; env , environment;  

h , hot; c , cold; sat , saturation 

2a , Quadratic heat loss coefficient, 

W/m2.°C 

 , Collector’s yield  
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