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Abstract— Electricity is the main source used in the refrigeration pro-

cess of environments and machines. Global warming and the expansion 

of the tropical belt increase the demand for refrigeration. The use of 

solar-assisted air conditioning has a great potential, especially in sub-

tropical regions with high solar radiation contributing to demand´s ful-

fillment and reducing electricity from non-renewable sources. It has 

cooling potential in buildings reducing electricity´s peak demand, eco-

logical footprint reducing carbon emissions and building´s thermal load 

using ecological refrigerants. Also benefits the urban microclimate ab-

sorbing solar irradiation into the rooftop. The objective of this article is 

to survey the factors that influence the selection of components for a 

solar-assisted cooling system in buildings under different climatic con-

ditions using an exploratory methodology based on the bibliography 

and on a survey of the state of the art describing the fundamental aspects 

and components of this technology, its function, and benefits. Non-ther-

mally driven applications were also considered, such as conventional 

steam compression chiller, driven by electricity and compression cycle 

by photovoltaic energy. Different cooling systems at full load are com-

pared. The research was applied in a school building in the city of Rio 

de Janeiro, concluding that solar-assisted refrigeration is an energetic 

and environmentally competitive alternative compared to compressors 

powered by electricity in conventional refrigeration systems. 

 

I. INTRODUCTION 

The cooling process of environments present an in-

creasing energy demand due to global warming, desertifica-

tion, and the expansion of the tropical belt as Figure 1. In 

subtropical regions, a high supply of solar radiation and a 

high demand for cooling occur simultaneously.   

 

Fig.1. Tropical Belt. 
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The solar cooling provides a significant potential of an 

electrical energy reduction for air-conditioning in buildings, 

arranges fossil fuel savings and decreases peak demands of 

electrical energy. 

Furthermore, solar cooling decreases the ecological 

footprint of tropical cities due to achieving carbon emission 

reduction and using environmentally friendly refrigerants. 

The solar array yields thermal load reduction of the build-

ing.  

Finally, it impacts in a positive way the urban micro-

climate through absorbing the solar irradiation on the roof 

as in Figure 2. 

 

Fig.2. Thermal Solar Array and Split Coolers with Com-

pressor Operation. 

 

Solar cooling systems (SCS) have the advantage that 

the maximum solar radiation corresponds to the maximum 

cooling demand in residential buildings.  

SCS offer potential to reduce electricity consumption 

for building cooling and environmental footprint due to re-

duction in carbon emissions and use of ecological 

refrigerants. In addition, the technology has a positive im-

pact on peak electricity demand associated with conven-

tional cooling, the need for transmission and distribution 

networks, and the ability to cool at night using thermal stor-

age.  

The following are factors that influence the selection 

of components for a solar-assisted cooling system in build-

ings.  

The basic characteristics of equipment supported by 

solar energy in buildings, conventional compression equip-

ment powered by electricity and photovoltaic energy. 

1.1. Solar Energy 

Brazil receives solar energy in the order of 1013 MWh 

per year, which is about 50.000 times the country’s annual 

consumption of electricity, as in Figure 3 [2].  

The country has an average solar radiation of 5 

kWh/(m² day) and a cooling demand up to 200 W/m².  

In Europe, where the most solar cooling systems are in 

operation, the average solar radiation is around 3 

kWh/m²/day.  

 

II. KNOWLEDGE BASE 

In system modeling the recommendation of the tech-

nology is a function of the characteristics and survey of 

which techniques are available and are more efficient for the 

specific case. It is necessary to determine the correlation be-

tween solar energy supply and cooling demand. Solar en-

ergy can be converted into cooling using two principles: (1) 

Heat generated by solar thermal collectors can be converted 

into cooling using thermally driven chiller using physical 

sorption phenomena in a thermodynamic cycle; (2) electric-

ity is produced in photovoltaic modules and can be con-

verted into cooling using steam compression cycles. Figure 

4 shows the first principle, heat-driven cooling systems that 

are usually applied for residential comfort cooling and so-

called LowEx concepts. The second principle – solar elec-

tricity driven cooling (PV cooling) – is not commercially 

widespread, but frequently used to run solar driven refriger-

ators for cooling medicine in remote, sunny regions [2]. 
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Fig.3. Annual average solar irradiance in Brazil. 

 

 

 

Fig.4. Schemes of SCS driven thermally and electrically [1], [8], Adapted. 

 

Brazil’s National Electric Energy Agency has passed 

a law requiring energy distributors to inject generated 

electricity into the grid. Brazil receives solar energy in the 

order of 1013 MWh per year, which is about 50,000 times 
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its annual electricity consumption. Its average solar radia-

tion is 5 kWh/(m²day) and a cooling demand of up to 200 

W/m². In Europe, the average solar radiation is about 3 

kWh/(m²day) and the cooling demand is only 40-70 W/m². 

These data show the good conditions for solar refrigeration 

applications in Brazil [3]. 

2.1. Solar Thermal Collector 

In Brazil a variety of solar thermal collectors is avail-

able in the market, and several are used in refrigeration sys-

tems.  The appropriate type of collector depends on the se-

lected cooling technology and local conditions, especially 

radiation availability. The general types of stationary col-

lectors are shown in Figure 5

 

Fig.5. Types of stationary solar collectors, applicable in refrigeration [1]. 

 

The flat collector is applicable in the temperature 

range of up to 90°C. Heat losses are minimized by enhanced 

insulation and an additional convection barrier (Teflon 

sheet) between the glass cover and the absorber. The use of 

solar air collectors in the construction of flat plates is lim-

ited to descant cooling systems since this technology re-

quires the lowest driving temperatures (from approx. 50°C) 

and allows under special conditions the operation without 

thermal storage. To operate thermally driven chillers with 

solar heat, high-quality flat plate collectors (selective 

coating, improved insulation, high stagnation safety) [3]. 

Figure 6 shows two principles of vacuum tube collectors. 

On the left, the classic principle is shown, requiring a vac-

uum-tight seal. In the center, the principle of the thermos is 

shown [1].  On the right the application of the heat tube 

principle. The tube is protected from freezing and stagna-

tion. There is a variety of vacuum tube collectors, for exam-

ple, collectors with direct flow of the collector fluid through 

the absorber tube. The glass tube can follow the traditional 

principle, sealed at both ends, or the thermos principle. [4]. 
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Fig.6.  Different constructions of vacuum tube collectors [1]. 

 

Henning [5] raised the characteristics and Reichhardt 

[3], the costs of thermally driven refrigerators in the Brazil-

ian market. 

2.2. Photovoltaic 

A photovoltaic (PV) system consists of an arrange-

ment of components to absorb and convert sunlight into 

electricity. The largest PV systems are connected to the net-

work while the small ones normally don’t. It is possible to 

operate a cooling system using a PV system. Two technical 

solutions can be used for SCS with photovoltaic systems: 

(1) Electricity-based system, connected to the grid, for indi-

rect operation of the chiller with energy compensation. The 

investment cost is about €3,000/kW (material only, 2017); 

(2) Electricity-based system for direct coupling with chiller 

for cooling food and medicines being sometimes the only 

solution in remote areas [3]. Figure 7 shows a comparison 

between a direct coupling photovoltaic system and a solar 

thermal system, indicating the COP (performance coeffi-

cient) and the efficiency of each system. The COP of the 

solar system/sorption can be increased using a collector 

with greater efficiency, for example, some special types of 

vacuum tube collectors have a maximum efficiency of 60% 

to 90°C of water temperature. Normal flat plate collectors 

with selective coating have efficiency at this temperature 

level of only 40% [3]. 

 

Fig.7.  COP comparison and efficiency between a direct coupling photovoltaic system and a solar thermal system [6]. 

 

2.3. Cooling Systems 

SCS uses heat in a heat-driven cooling process. Within 

SCS, there are two main processes: (1) closed cycles, where 

thermally driven absorption and adsorption produce chilled 

water for use in ambient conditioning equipment (air 

handling units, fan coils, chilled beams, etc.); Open cycles, 

also called desiccant evaporative cooling systems (DEC), 

typically use water as a refrigerant and a desiccant as a 

sorbent for direct air treatment in a ventilation system. For 

closed cycle systems, Figure 8, there are two types of 
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sorption processes: adsorption and absorption-based sys-

tems. Based on closed cycle sorption; the basic physical 

process that underpins both technologies consist of two 

chemical components, serving as refrigerant and sorbent. 

The water from the chiller is produced and transferred to the 

decentralized units such as fan coils, chilled ceiling, or 

AHU [1].  The efficiency of closed cycle systems may vary 

depending on the driving temperature. 

 

 

Fig.8.  Closed cycle system at the left and open cycle system at the right. 

 

While closed cycle systems produce chilled water 

open cooling cycles produce air conditioning directly. Ther-

mally driven open cooling cycles are based on a combina-

tion of evaporative cooling and air dehumidification by a 

descant (a hygroscopic material that absorbs moisture), Fig-

ure 6. The supply air is cooled and dehumidified directly in 

an air handling unit (AHU) [7]. Desiccant cooling systems 

are an option with centralized ventilation systems offering 

the ability to pre-condition the air that enters a room. Open 

cycle SCS offers humidity management as well as space 

cooling. Solar thermal cooling does not use refrigerants 

(CFCs and HCFCs, used in electric compression chillers). 

Recent technology is desiccant cooling (DEC) where air is 

conditioned directly, e.g., cooled, and dehumidified, exploit 

the potential of sorption materials for air dehumidification - 

such as silica gel. In an open cooling cycle, this dehumidi-

fication effect is used for two purposes: to control the 

humidity of the ventilation air in air-handling units and re-

duce the supply temperature of ventilation air by evaporat-

ing cooling [5]. 

2.3.1. Absorption Chiller 

Absorption chillers use heat to provide cooling. Ther-

mal compression of the refrigerant is obtained using a liquid 

refrigerant/sorbent solution and a heat source, thus replac-

ing the electrical energy consumption of a mechanical com-

pressor. For chilled water above 0°C, as it is used in air con-

ditioning, a liquid H2O/LiBr solution is applied with water 

as a refrigerant. Most systems use an internal pump that 

consumes little electricity.  The main components of ab-

sorption chillers are shown in Figure 9. Absorption cycles 

are originating from the fact that the boiling point of a mix-

ture is higher than of a pure liquid. 
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Fig.9. Scheme of an absorption chiller [1]. 

 

The thermal coefficient of performance (COPth) is the use-

ful cold ratio per heat unit: 

𝐶𝑂𝑃𝑚 =   𝑄𝑐𝑜𝑙𝑑/𝑄𝑑𝑟𝑖𝑣𝑒                      (1) 

Where COPm = thermal coefficient of performance, Qcold 

is the useful cold, and Qdrive, driving heat. 

 

An absorption cycle includes the following steps [1]:  

The refrigerant evaporates in the evaporator, thereby 

extracting heat from a low-temperature heat source. This 

results in the useful cooling effect. 

The refrigerant vapor flows from the evaporator to the 

absorber, where it is absorbed in a concentrated solution. 

Latent heat of condensation and mixing heat must be ex-

tracted by a cooling medium, so the absorber is usually wa-

ter-cooled using a cooling tower to keep the process going.  

The diluted solution is pumped to the components 

connected to the driving heat source, desorber, where it is 

heated above its boiling temperature, so that refrigerant va-

por is released at high pressure. The concentrated solution 

flows back to the absorber. 

The desorbed refrigerant condenses in the condenser, 

whereby heat is rejected at an intermediate temperature 

level. The condenser is usually water-cooled using a cool-

ing tower top reject the “waste heat”. 

The pressure of the refrigerant condensate is reduced 

and the refrigerant flows to the evaporator through an ex-

pansion valve.  

Figure 10 shows the processes of the thermal absorp-

tion cycle.  

The left arrangement presents the steam pression as a 

function of the steam temperature in an absorption cooling 

cycle process [1]. On the right we can see the detailed func-

tional scheme of a single-effect absorption chiller "Carrier" 

[9].  

The required temperature of the heat source is usually 

above 85°C and typical COP values are between 0.6 and 

0.8. Until a few years ago, the smallest machine available 

was a Japanese product with a cooling capacity of 35 kW 

(10 TR).  

Recently, refrigeration products in the small and me-

dium capacity range have entered the market. In general, 

they are designed to operate with low driving temperatures 

and therefore applicable to stationary solar collectors. 
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Fig.10. Thermal absorption cycle [9]. 

 

2.3.2. Conventional Compression Chiller 

The most common cooling process applied in air con-

ditioning is the steam compression cycle. The process 

employs a chemical refrigerant, for example, R134a. A 

system's schematic drawing is shown in Figure 11. 
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Fig.11. Schematic design of a steam compression chiller 

[7]. 

 

In the evaporator refrigerant evaporates at low tem-

perature. Heat extracted from the external water supply is 

used to evaporate the refrigerant from the liquid phase to 

the gaseous phase.  

External water is cooled than cooling energy becomes 

available. The key component is the compressor, com-

pressing the refrigerant from a low to a higher pressure and 

temperature in the condenser [8]. 

For a conventional electrically charged steam com-

pression chiller (COP) it is defined as follows: 

𝐶𝑂𝑃 = 𝑄𝑐/𝑃𝑒𝑙                                           

(2) 

Where Qc = cooling capacity [kW] and Pel = electric-

ity input [kW]. 

 

3.   Case Study "Escolinha Tia Percila" 

It is intended to equip the spaces of an elementary 

school with an air conditioning system assisted by solar en-

ergy. The school was founded in 1991 by the Street Chil-

dren Foundation, a Swedish organization founded in 1993 

to finance projects for needy children in several countries 

and in Rio de Janeiro, the favelas of Babilônia and Chapeu-

Mangueira.  

This case study was carried out within an NGO “Rev-

olusolar” to obtain environmental benefits from solar en-

ergy, together with GIZ (German Corporation for Interna-

tional Cooperation) whose mission in Brazil is to 

strengthen the role of renewable energy sources. 

At first, the technical and structural conditions of the 

school building were verified and then data was collected. 

The solar coverage rate was calculated using the HVAC 

Load software [14] determining the cooling load support-

ing the analysis of different SCS systems, the inventory and 

budget for the installation enabling the technical, eco-

nomic, and environmental evaluation and the return on in-

vestment.  

The building analysis provided information on energy 

efficiency potential. At the same time, measures were iden-

tified to reduce electricity consumption. The city of Rio de 

Janeiro is in Brazil´s southeastern with geographic coordi-

nates 22°48'43" S and 45°11'40" W. It has a tropical savan-

nah climate bordering a tropical monsoon climate. It pre-

sents long periods of heavy rain from December to March. 

Temperatures above 27°C are normal throughout the year 

and above 40°C are common during summer [10] as Table 

1. 

Table 1. Climate data for Rio de Janeiro. 

Month  Temperature 

[oC] 

Humidity 

[%]  

Pressure  

[mb] 

Precipitation 

[mm] 

Sunshine-

hours [h] 

January  30,2  79  950,5  137,10  211,9  

February  30,2  79  951,4  130,4  201,3  

March  29,4  80  951,9  135,8  206,4  

April  27,8  80  953,8  94,9  181  

May  26,4  80  955,1  69,8  186,3  

June  25,2  79  957,0  42,7  175,1  

July  25,0  77  957,9  41,9  188,6  

August  25,5  77  965,5  44,5  184,8  

September  25,4  79  955,2  53,6  146,2  

Oktober  26,0  80  952,6  86,5  152,1  

November  27,4  79  951,5  97,8  168,5  

Dezember  28,6  80  950,3  134,2  179,6  

Average  27,3  79,1  953,6  89,10  181,82  
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The building has five floors with a terrace that offers 

space for solar thermal installations. The eleven rooms have 

a usable area of 240 m² and an average ceiling height of 2.8 

m. The façade is southeast oriented and has a large window 

area. The canteen is located on the first floor and the perfo-

rated bricks allow convection heat to leak through via stack-

effect during meals. Figure 12. 

 

 

Fig.12. “Escolinha Tia Percilia”, canteen and classrooms. 

 

All equipment and characteristics of the school's 

building materials were inventoried and classified by age, 

condition and energy consumption using specific cata-

logues, making it possible to determine the building's en-

ergy efficiency. Classrooms and administration rooms have 

windows, air conditioning and fans. The annual electricity 

consumption is 15,700 kWh and the annual cost is around 

€2,000 (2017). Refrigeration costs represents 61% as can be 

seen in Figure 13. Table 2 lists air conditioners installed and 

monthly consumption. 
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Fig.13. Electrical consumption by device in school and monthly Eletrical Consumption in kWh over the year in School Tia 

Percila. 

 

Table 2. Air conditioning units installed and power consumption. 

Room Brandt Model COP 

(*) 

Power 

(kW)* 

Consumption 

(kWh)** 

Service 

(h/m)*** 

Service 

(h)*** 

Consumption 

(kWh/month) 

-2.1 Elgin ERF30000 2.72 2.3 67.8 22.0 6 298 

-1.1 Elgin ERF30000 2.72 2.3 67.8 22.0 6 298 

-1.2 Consul CCO10B 3.02 0.7 20.4 22.0 6 90 

0.1 Gree GJE10AB 3.03 0.7 21.4 22.0 7 110 

0.2 Elgin ERF30000 2.72 2.3 67.8 22.0 6 298 

2.1 Consul CCM12D 3.08 0.8 23.9 22.0 7 123 

Total        1217 

*Manufacturer's technical data sheet; **Energy consumption researched "Procel" [11]; ***Daily operating time. 

 

Weather and operating time impact electricity con-

sumption which is low in January and July due to school 

holidays. In winter consumption is low. Cooling a dense en-

vironment in compliance with the NBR 16401-3 standard is 

a challenge. The users´ misbehaviours leads to the waste of 

energy, hence education and awareness are needed. There 

must be a renewal of the air to avoid the concentration of 

toxic gases and odors. Due to the lack of resources to install 

exhaust fans, the programmed opening of the windows was 

adopted, and the consequent thermal loss was considered in 

the calculation of the cooling load. In the canteen, the air is 

renewed through perforated bricks. Analysing the build-

ing’s thermal behaviour, the calculation obtained infor-

mation about the maximum cooling demand during the hot-

test average day. The thermal load was calculated using the 

building simulation program "HVAC Load Explorer" [14]. 

The input data for the external and internal cooling load 

must be defined and added. The main influencing factors 

are shown Figure 14. 
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Fig.14. External and internal cooling loads [12]. 

 

Table 3 lists the dimensions of the spaces considered. Table 4 shows information for the case of 0.4% of unattended days 

corresponding to the worst probability [7] of meteorological data input “Escolinha Tia Percila”, Rio de Janeiro. 

 

Table 3. Relevant spaces for the cooling load calculation and, metereological data input [7]. 

No. Room a(m) b(m) h(m) A(m2) V(m3) Latitude 29,695 

-2.1 Classroom 6 6 2.4 36.0 86.4 Longitude 43,17W 

-1.1 Classroom 6 6 2.9 36.0 104.4 Altitude 50m 

-1.2 Classroom 4.4 6 2.9 26.4 76.6 Pressure 101,22kPa 

0.1 Office 4.4 3.3 2.85 14.5 41.4 Average Wind 

Velocity 

4,8m/s 

0.2 Laboratory 5.7 6 2.85 34.2 97.5 Wind Direction 150o (0 N; 

50W) 

2.1 Office 4.3 6 2.7 25.8 69.7 Dry-Bulb 

Temperature 

37,3oC 

       Wet-Bulb 

Temperature 

25,4oC 

       Relative Humidity 79% 

 

The total floor space of 170 m² and the average ceiling height of 2.76m was considered. The school has 5 floors covered 

by external walls with thermal transmission factor of 1,8 W/(m²K) and windows of 2,7 W/(m²K). The windows are obstructed 

mainly North and South; have no curtains. The following data was set within the HVAC Load Explorer, Table 4. 
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Table 4. Software extract "HvacLoadExplorer" - Layers of the outer wall. 

Layer Sp Heat 

(Btu/(Lb.F)) 

Conductivity 

(Btu.in/(hr.ft2.F) 

Thickness (In) Density (Lb/Ft3) 

Plaster 0,64 0,24 0,050 124,9 

ceramic brick 0,52 0,22 0,12 99,9 

Plaster 0,64 0,24 0,050 124,9 

 

The ground floor has a constant temperature of 20°C. 

Solar installations on the terrace and a tree provide shade. 

Considering the air renewal of 30 m³/h per person, 110 stu-

dents demand 3,300 m³/h. With a total volume of 469 m³ in 

the spaces, air renewal is 7.0 l/h. The classrooms are occu-

pied from 7h30-11h00 a.m. and 1h30-5h30 p.m. The two 

offices from 7h30-5h30 p.m. Considering an emission of 97 

W per person, 110 people produce at a thermal load of 10.7 

kW, lighting 15 W/m² in 170 m² producing 2.6 kW. Other 

devices produce 3.6 kW totalizing 17 kW.  In Brazil the 

temperature is set between 18- 20 °C. The simulation was 

performed with two internal temperatures, 20 °C and 26 °C. 

The projected internal temperature of 26 °C. The high cool-

ing load between the two temperatures stands out according 

to Table 5. The internal air temperature (Ti) is the most ob-

vious indicator of thermal comfort [7]. 

 

Table 5 - Conditions of internal thermal comfort in relation to summer ambient temperatures [13]. 

Internal Con-

ditions 

Relative Umidity 

(%) 

62 56 50 44 66 60 54 48 70 64 58 52 

Wet-bulb Tempera-

ture (oC) 

19,5 19 18,5 18 20,5 20 19,5 19 21,5 21 20,5 20 

External Tem-

perature 

Dry-bulb Tempera-

ture (oC) 

24,5 25 25,5 26 25 25,5 26 26,5 25,5 26 26,5 27 

Dry-bulb Tempera-

ture (oC) 

29 32 35 

 

Figure 15 shows the daily thermal behaviour of the building in the worst-case scenario: Total cooling load (Btu/h) with 

Ti=26 °C and 20 °C during 24 h. summer. With an internal temperature of Ti = 26 °C, the maximum cooling load is 125,560.2 

BTU/h (~36.8 kW; with Ti=20 °C, 157. 687.9 BTU/h (~46.2 kW).  At the end, the total cooling load is compared with Ti = 

26 °C and Ti=20 °C. 
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Fig.15. HVAC Load Explorer Output. 

 

The Simulation for the different indoor air temperatures shows that the total cooling load increases up to 9.6 kW for a 

temperature variation ΔTi = 4°C.  Figure 16 shows the different thermal behavior of both indoor air temperatures during a 

summer day (worst-case scenario). Table 6 shows the results of the maximum cooling loads for the two ambient temperatures. 

Table 6. Maximum cooling loads to the two ambient temperatures. 

Indoor Set Point Temperature 

Ti [OC] 

Maximum Cooling Load [kW] Specific Cooling Load [kW(m²)] 

20 46.2 272 

26 36.8 216 

 

The applied system is like an auditorium at the University of Guaratinguetá [3]. It is a closed cycle process combining 

different subsystems as shown in Figure 13 and technical characteristics related to the simulated cooling load for a Ti=26°C. 
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Fig.16.  Schematic diagram of the system selected for the school and technical components of the different subsystems. 

 

The heat production subsystems mainly consist of 80 

m² solar thermal collector fields, which serve the hot water 

tank with inlet and outlet temperatures of 88 °C and 83 °C. 

The cold production system contains a 35-kW absorption 

chiller and a cooling tower. The thermal compressor of the 

absorption chiller is served by the heat provided by the hot 

water tank. The load subsystem consists of a cold-water 

tank, the distribution system and 8 fan coil units. Figure 17 

shows that cooling throughput meets demand during the 

day. At 12:00 the cooling capacity is almost twice as high 

as the demand. During the day the cooling load and solar 

gain occur simultaneously.  

 

Fig.17.  Expected correlation between cooling demand and yield in summer [3]. 
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Figure 18 shows the total monthly demand for ex-

pected cooling and available thermal energy production 

(8760 h) in the case of the University of Guaratinguetá. The 

solar yield was calculated with a constant average daily col-

lector efficiency of 0.38 m² and a constant chiller COP of 

0.7 [3]. 

 

Fig.18. Total monthly cooling demand. 

 

Predicted total monthly cooling demand and available 

yield of thermal energy (8760 h). Solar yield is calculated 

with a constant daily average collector efficiency of 0,38 m² 

collector array and a constant Chiller COP of 0,7 [4]. 

From table 7, the investment cost for the cooling sys-

tem studied is R$ 3,000/kW. The cooling system has been 

sized to cover a thermal load of 35 kW. R$ 105,500 were 

the total investment costs. The return on investment is 15.8 

years to 20 years.  

Table 7. Electricity consumption and operating cost between the existing and the proposed system. 

Electricity Consumption & Operation Cost 

Component Solar Assisted System Existing Cooling System 

4 x Water Pumps 360 W  

Wet Cooling Tower Fan 280 W  

35 kW Absorption Chiller 210 W  

8 Fan Coil Units 600 W  

5 x Window Air-Conditioner  35.8 kW 

Total 1450 W 35.8 kW 

Total (1 Year) 2152 kWh* 9577 kWh** 

Operation Cost (1 Year) by 0.898 

R$/kWh (RJ) 

1930 R$ 

 

8600 R$ 

 

To estimate emissions of CO2 per kWh of cold produced, a conversion factor of 0.28 kg CO2 per kWh of electricity was 

applied [1], Table 8. 

Table 8. CO2 savings per year calculated with conversion factor of 0.28 kg CO2 per kWh of electricity. 

Electricity Consumption per Year (kWh) CO2 – Emissions (kg) 

Solar Assisted System 2152 603 

Existing System 9577 2682 

CO2 Saving per Year  2079 
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The substitution for a SCS system presents an environ-

mental gain in the emission of CO2 and elimination of 

greenhouse gases by ecological refrigerants. Water con-

sumption of the wet cooling tower, in this case 50 l/d can be 

gotten by treated rainwater. 

 

III. RESULTS 

The low operating cost of SCS compensates for invest-

ment in cooling buildings and contributes to reducing the 

consumption of electricity from non-renewable sources by 

increasing its share in the energy grid, encouraging the Gov-

ernment to practice sustainable public policies in accord-

ance with ESG standards. In this way, SCS proves to be a 

sustainable energy alternative in providing environmental 

conditioning of buildings using solar energy. SCS and PV 

systems combined make up one of the furthered technolo-

gies, as the current trend is directed towards electrical sup-

ply in all facilities. Furthermore, the need of back systems 

is in high demand and will expand to general building tech-

nologies [15]. 
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