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Abstract 

Almost all the domestic water in Brazil is heated with an electrical heater directly by the end 

consumer. A typical heater has an effect of 5 400 W and when the whole population takes a 

shower in the evening it causes big peaks in the electrical grid. This consumption peaks could 

be reduced by simple and cheap solar collector system.  

Different system technologies and the most important parts of a solar collector system are 

described in the technical background. In Lajeado almost every system is a self-circulated 

system because of the simplicity and the lower costs.  

Solar cooling as an alternative to the vapor compressor chillers has been studied. The cooling 

demand is biggest when the sun shines; this makes the sun perfect as a source to cooling. 

The ab- and adsorption chillers as a method in the future have been discussed in this paper; 

however it has only been studied briefly because small scale chillers using the technology 

can not be found on the market yet.   

A number of different systems have been dimensioned after the existing conditions of 

Lajeado, the town where the project has been carried out in. Prizes and costs for both 

installation and materials come from the local solar collector supplier. With this as a 

background; several systems for various hot water demands has been dimensioned and 

costs and repayment time been calculated. A study of all the systems shows that, if the hot 

water demand increases and the systems get bigger, the profitability grows and the 

repayment time becomes shorter, down to three years. In almost every case the repayment 

time was under eight years, which makes solar heating attractive and the profit is good for 

the southern Brazil.  
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Sammanfattning 

I Brasilien värms nästan uteslutande allt varmvatten med en elektrisk värmare direkt hos 

slutkonsumenten. En typisk värmare är på 5 400 W, och när folk kommer hem från jobbet 

framåt kvällen skjuter elkonsumtionen i höjden. Den här förbrukningstoppen som 

uppkommer skulle kunna reduceras avsevärt med hjälp av enkla och billiga solvärmesystem.  

Olika systemprinciper och de viktigaste delarna beskrivs i teknisk bakgrund. Främst används 

självcirkulerande system, detta på grund av enkelheten och de lägre kostnaderna. 

Solkyla som alternativ till den traditionella kompressorkylmaskinen har studerats. 

Kylbehovet är som störst när solen skiner som mest och detta gör solen perfekt att använda 

för kylning. Framtidens metoder som ad- och absorption med hjälp av solfångare har 

diskuterats. Detta har dock bara studerats ytligt eftersom småskaliga kylmaskiner som 

använder den här tekniken inte finns på marknaden.  

Ett antal olika system har dimensionerats efter de rådande förhållandena i Lajeado, staden 

där projektet gjorts. Priser och kostnader på såväl installation som material är tagna från en 

lokal leverantör. Med detta som bakgrund har system dimensionerats för en rad olika 

varmvattenbehov. För dessa har kostnad och återbetalningstid räknats ut. Bland de olika fall 

som studerats såg man att när varmvattenkonsumtionen ökade, och systemen blev större, 

ökade lönsamheten och återbetalningstiden kunde bli så kort som tre år.  I de allra flesta 

fallen hamnade återbetalningstiden på under åtta år vilket gör solvärme både attraktivt och 

lönsamt i södra Brasilien.  
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Prefatory note 

During the autumn of 2007 the seeking for an attractive final essay started. We received 

information about a project abroad, in Niger, about electrifying two rural villages totally 

screened off from the electric grid. An application for scholarship from MFS, Sida, was 

handed in, it got approved and the planning started. Time from both us and many others 

was sacrificed to the preparatory work and the project seemed to be realized.  The security 

risks were, in late autumn of 2007, fairly violence but under control. It was only the northern 

parts of Niger that was affected and we thought it was out of danger.  Unfortunately, in 

January 2008, the situation was growing worse and we had to terminate the mission in late 

January.  

Consequently we was forces to, with a short amount of time, find a new project. The 

alternatives were to find a new mission abroad or do a project in Sweden and handle back 

our scholarship. After discussions with the international department of the University of 

Halmstad, the professors Odorico Konrad and Göran Sidén, we came up with a solar energy 

project carried out in southern Brazil with the new subject solar cooling as the main point. 

Brazil got plenty of solar energy and a growing cooling demand. The new plans were 

approved by Sida and the new preparatory work began.  

After a literature view in the subject solar cooling and the Brazilian energy situation we 

discovered two things. First of all, solar cooling is a very new and complex subject and with 

lack of information and few real studies in the subject, we could not carry out a project on 

our level.  Second, the biggest energy problem in Brazil is not the ac-systems; it is the 

electrical showers and the peaks in the electrical grid they cause. The angel of approach was 

therefore changed to show sustainable alternatives for the electrical showers and a good 

housekeeping with exergy. The solar cooling part is not completely erased but is much 

smaller compared to the solar heat part.  

We want thank our instructor in Sweden Professor Göran Sidén, our instructor during our 

field studies in Lajeado Professor Odorico Konrad, Professor  André Jasper, his wife Katja and 

their two dogs for letting us use their house for projecting and Roberto Ammes at Thermosol 

in Lajeado for prizes and demonstration of solar collectors. We also want to thank everybody 

at the University Univates who was taking care of us, Sida for the scholarship and the 

University of Health Sciences in Jönköping for giving us their two remaining scholarships.  

 

Halmstad in May 2008 

Ola Hedenberg 

John Wallander 
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1. Introduction 

The developing countries cannot walk in the footsteps of the western world, our energy 

comes mostly from combustion of fossil fuels. Many of the developing countries are 

advancing very fast and cannot do the same mistakes we have done, lock themselves to the 

limited, fossil fuels. Instead they have to place reliance in renewable energy. The source of 

almost all renewable energy is the sun and there is no lack of it. Big parts of the developing 

countries lie in parts of the world where the energy from the sun is much higher compared 

to the western world. 

1.1 Background 
The Project will be carried out in the southern parts of Brazil, more exactly in the town of 

Lajeado.  

Brazil is the fifth biggest country in the world; both in number of inhabitants and in area, and 

their economy is advancing. The demand for hot water and to be able to control the indoor 

climate increases therefore drastic. With the climate of the country in mind the possibilities 

to use clean energy from the sun is extreme. The demand for hot water is constant over the 

year, the cooling demand is coincide with the time when the sun shines the most, and the 

electricity prices are high compared to the income. To be able to heat the domestic water 

and at the same time cool down the indoor air with the sun would be a huge advantage for 

the environment. [1] 

At present the water is heated with electricity but this is a waste of energy with good quality, 

exergy. The comfort cooling is made by electrical driven vapor compressor chillers.  

A closer inspection of the electricity situation in Brazil shows that the AC-systems are not the 

main problem; it is the electrical shower heater. Almost every Brazilian household have it 

and big peaks in the electrical grid is the consistency when the whole population takes a 

shower at the evening. [2] 

1.2 Purpose 
The purpose is to illustrate the possibilities of solar power compared to electricity. We 

intend to show both an environmental and economical view of the advantages when the 

electrical heater is compensated with solar collectors. In a part of the project the new 

subject solar cooling is illuminated. It can have big advantage in the future if the technique 

works.  



 
8 

1.3 Aim of the Project 
The aim of the project is to do a complete study that shows how the solar collector 

technique works and how it can be applied in a climate like southern Brazil. Both solar 

heating and cooling will be studied.  The project will show the economical advantages the 

solar system has compared to electricity and gas. 

1.4 Method 
A literature review over solar heating and cooling will be done and technical description will 

be written.  There will be a comparison between the present common Brazilian systems and 

solar systems and the use of domestic water will be inspected. Weather data from a local 

weather station will be collected and assimilated after our needs.  

The flow, efficiency and temperatures from the electrical shower device will be tested and 

measured.  

An object for projection will be selected when we arrive at the sight. Here different systems 

will be suggested and economical calculations will be done. The projection will be done with 

information from a local solar collector supplier.  

The conclusions will be discussed at the end of the project.  

1.5 Delimitations  
A geographical delimitation has been done to the town of Lajeado in southern Brazil. The 

weather data and the solar collector supplier are from that area.  

No bank loans, inflation, payments or rents has been considerate in the economical 

calculations.  

The technical delimitation has been done to self-circulated systems, this because low costs 

and fast payments is a demand. Otherwise no one will invest in a solar collector system. The 

self-circulated systems are also the most common in Brazil.   
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2. Lajeado 

Lajeado is located in the state of Rio Grande do Sul in the very south of Brazil. In the this 

parts of the country the climate is temperate which means that the summers are hot and 

the winter can be very cool, temperatures near 0oC is no impossibility. The town of Lajeado 

is a calm small town with about 68 000 inhabitants divided on a 90 km2 area. These figures 

can be compared to Halmstad which has 89 000 inhabitants divided on a 1 700 km2 area. The 

big city Porto Alegre is located 120 kilometers southwest of Lajeado and connects the state 

with the rest of Brazil through the airport and its many buss connections. Because of the 

location 3300 km south of the equator, solar collectors should be placed to north. The 

currency in Brazil is Real, 1 R$=100 centavos. 

Univates is the name of the University of Lajeado and they got about 10 000 students. Brazil 

is a pretty segregated country with the rich parts of the population in the south and the poor 

in the north. Therefore, the standard of living is proportionately high in the town.  [15, 16] 

 

Figur 1. Map of Brazil  
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3. The energy profile of Brazil 

Brazil has two big main energy sources, hydro power and petroleum. The Oil consumption 

per day is 2,1 million barrels and the production is 1,59 million barrels per day. [5] The 

biggest renewable energy sources are hydro power, sugar cans and solar energy. 43 % of all 

energy comes from renewable sources and 75 % of all electricity comes from hydro power. 

The rest of the electricity is 21,7 % thermo electricity and 2,2 % nuclear. [3]  The hydro 

power plant, a long time the world’s biggest, Itaipu, produces 20% of all the Brazilian 

electricity, about 14 000 MW. Other smaller energy sources are natural gas and coal.  2006 

Brazil was the second largest producer of bio fuels, user of bio mass and producer of hydro 

power. [4] 

The ethanol production 2006 was 18 billion liters, that is almost half of the total world 

production and the production is expected to increase. An alcohol program was created 

1975 in connection to the energy crises with the aim to bring up the development of 

renewable energy. [3]Today, 40 % of the cars drive on ethanol from sugar canes and 85 % of 

all the cars sold in the past years are flexible-fuel cars. In the largest city of Brazil, Sao Paulo, 

a law was created in 2007 that says that all new buildings over 800 m2 must have solar 

collectors and in the city of Betim all new public buildings gets solar collectors. 2006 Brazil 

was the sixth largest producer of solar heat in the world with 3,1 million m2 solar collectors 

and an effect of 2,2GW. [4]  



 
11 

4. Technical background 

4.1 Solar radiation 
The sun radiate with a power of 3,8*1026 W. Only a fraction of this, 170*1012 W, reaches the 

earth, which is about 15 000 times more then we consumed in 1990. If you divide the power 

with the area of the atmosphere you get the solar constant, 1370 W/m2. One part of the 

light will be reflected back to the space and another part will be absorbed by the air, carbon 

dioxide, dust and pollution. The radiation which reaches the surface is about 1000 W/m2 in 

the best conditions.  

The shorter the way is for the solar radiation through the atmosphere, the higher the 

intensity will be and more energy can be collected. The yearly radiation is also influenced by 

the latitude of the surface. At the equator are the best conditions with an angle of approach 

near 90o and the distance through the atmosphere is shortest. In the desert areas the 

radiation is about 2 200 kWh/m2year, in Lajeado 1 300 kWh/m2year and in southern part of 

Sweden 1 000 kWh/m2year at a horizontal surface. If the surface is tilted towards the sun 

the collected energy will increase. The optimal angle between the collector surface and the 

sun is 90o. 

The solar radiation is divided into direct and diffuse. The direct solar radiation is the one that 

hit the surface without any obstacles such as clouds. The diffuse solar radiation is the energy 

that hits the surface trough clouds and other materials in the atmosphere. The biggest 

amount of energy is therefore in the direct solar radiation. [6,7] 

Below is a diagram which shows the solar radiation for Lajeado compared to the south part 

of Sweden.  

 

Diagram 1. The solar radiation in Lajeado compared to the South part of Sweden 
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4.2 Solar collectors 
The solar collector is the most important part of the system and that part which absorbs the 

energy from the sun and converts it to heat. This heat can be used for heating houses and 

tap water. Most of the research is put at this part and the development has made the solar 

collectors both cheaper and more efficient. The technique builds generally standard VVS- 

technique which makes it easy and cheap to mount and install. This chapter will deal with 

the most common solar collectors, flat and evacuated tubes, some system techniques and 

other important parts of a solar heating system. [6] 

4.2.1 Flat solar collectors 

The flat solar collector is the most common type of solar collectors, partly because of the low 

price and partly because the technique is well know and had been on the market for a long 

time. The absorber is the part in the construction which collects the energy from the sun, 

which makes it to the most important part. Just under the absorber is a diffusion lock which 

protect from dust from the insulation. The insulation has the purpose of keep the heat inside 

the solar collector and minimizes the heat leakage. On top of all this there is cover glass to 

protect from the cold wind and to protect the absorber. A convection lock can be used here 

to reduce the reflections and because of that get higher efficient. If the convection lock isn’t 

properly attached the effect can be the opposite and lead to less absorption. The figure 

below shows the structure of a traditional flat solar collector. [6] 

   

Figure 2. 1. Absorber 2. Cover Glass 3. Frame 4. Insulation 
 5. Connection for heat carrier 

4.2.2 Evacuated solar collectors 

Heat losses in a solar collector are the biggest cause of low efficiency. To insulate the 

collector is therefore very important. In an evacuated solar collector the insulation of the 

vacuum is used to minimize the heat losses from the collector. The absorbing material is 

placed in a tube which is insulated with vacuum. Because of the low pressure in the tube the 

cylindrical shape is necessary. The insulation compared to a flat solar collector is much 
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better, which make the efficiency higher, especially in higher temperatures. This makes them 

extra favorable in warm climates. The reason why this technique isn’t used as much as flat 

collectors is because of the higher price, and sometimes the higher efficiency isn’t enough to 

pay back the higher investment. Chinas entrance in the market have forced the prices down 

and made them more attractive in the market. The basic system with pipes, heat storage 

and other peripheral equipment is the same things that are used in other systems. This 

makes the evacuated tubes as easy to install.  

There are two types of evacuated solar collectors.  

One of them uses dry heat exchange, often called heat-pipe. This means that the solar 

collector has a closed circuit where the heat is changed over to the heat carrier.   

 

Figure 3. Evacuated tube, Heat-pipe 

In the other principle the heat carrier is led along the absorber and absorbs the heat in that 

way. Efficiency and prices for the two different techniques is almost the same.  [6,8] 

4.3 Efficiency 
The efficiency describes the difference between brought energy and used energy in a 

system. In a solar collector it is the difference between the energy in the solar radiation and 

the energy absorbed in the solar collector. There are many different factors that makes the 

efficiency vary. The choice of material and insulation is very important to get high efficiency, 

because if there are big heat losses the efficiency will decrease. The operation conditions are 

also a big factor. You endeavor to keep the incoming temperature as low as possible to 
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minimize the heat losses. The efficiency will vary over the year because of the different 

temperatures during the seasons.  

To define the heat produced in a year by a solar collector is a complex process, but there are 

some formulas to make it easier to get an approximate result. You need some information 

about the solar collector such as the insulation, U-value, and the optical efficiency, ηo. The 

optical efficiency is a number that describes how much of the solar radiation, I, the solar 

collector can absorb. This depends in the cover glass transmittance and the absorbers 

absorbance, a typical digit for this two together is 0,8. As mention before there are heat 

losses which depends on the temperature difference between the solar collector and the 

surrounding air. The temperature difference multiplied with the U-value gives the heat 

losses. Together it gives the “Karlssons formula” and shows used power in the solar 

collector.  

P = I *ηo – U * (Tcollector – Toutside) [W/m2] 

I= solar radiation [W/m2] 

ηo= efficiency  

U= U-value [W/m2,K] 

Tcollector = temperature collector [K] 

Toutside = outside temperature [K] 

The efficiency is the used energy divided with the brought energy. 

η =P/I 

This is a momentary efficiency during current circumstances. If you instead are interested in 

the yearly production from the solar collector you will have to integrate the formula over the 

number of operating hours. This will give you the formula below. G is total solar radiation in 

a year and t is the number of operating hours. E is the total absorbed energy in a year.[7]  

E = G *ηo – U * (Tcollector – Toutside) * t [kWh/m2yr] 

4.4 System techniques  
There are solar systems in more or less sophisticated versions. The more advanced systems 

are used in for example Sweden where the protection from ice accretion is important. In 

warmer countries simpler and cheaper systems can be utilized.  

4.4.1 Direct and indirect solar heating systems 

In a direct solar heating system the water that you use, for example in the shower, is used 

directly as the heat carrier in the solar collector circuit. This technique is often used in pool 

systems where the pool water goes directly through the solar collectors. In indirect systems 

a heat exchanger is used and the solar heating circuit is closed. This means that the water in 

the solar circuit and the used water are separated and an anti-freeze liquid can be mixed 
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into the solar circuit water. This also means that a pump which pumps around the water in 

the solar collector circuit is necessary. 

4.4.2 Self-circulated systems 

Self-circulated systems builds on the principle that cold water is heavier than hot and 

therefore sinks. The heat storage is placed over the solar collectors and when the water in 

the solar collectors gets hot it rises and the colder heavier water is forced down. The heat 

storage and the solar collectors should be placed as near each other as possible because the 

circulation force is proportionately weak. The circulation continues until there is no 

difference in temperatures between the solar collectors and the heat storage. No pump or 

control system is necessary. This makes the system simple and the costs get lower. The 

system fits well in areas where it is no risk of ice accretion and is therefore a good choice in 

Brazil. 

4.4.3 Pump-circulated systems 

Means that a pump is circulating the heat carrier and the heat storage can be placed 

wherever you want. Temperature sensors are placed in the solar collectors and the heat 

storage and a control unit regulates the pump.  This system is more expensive but the 

efficiency can be raised because of the control unit choosing the optimum flow after the 

present circumstances and therefore optimizes the heat exchange from the solar collectors.  

4.4.4 Drained systems 

In a drained system the heat carrier do not has to be mixed with an anti-freeze liquid. Just 

like in a pump-circulated system there is a pump, temperature sensors and a control unit. 

When the pump is shut of the solar collector is drained and the water runs into a drain- 

container which is placed on a frost protected location. The solar collector therefore needs 

to be placed so that all the water can run down in the drain-container when the pump stops. 

[6]  

4.5 The heat storage 
A heat storage is used to save the collected heat energy to the time when there is a demand. 

The heat storage volume should have the proportions 50 to 100 liters per m2 solar collector 

depending on the design of the system. A storage that is too small compared to the collector 

area gets hot very quick and the efficiency of the solar collectors goes down. On the other 

hand, if a too large tank is used it takes too long time for the temperature to reach the 

demanded temperatures (50 - 70°C). 

There are heat storages with or without a heat exchanger depending on if you have a direct 

or an indirect system. In Brazil the direct system is the most common type and therefore 

tanks without heat exchanger. 

The best is to have a vertical heat storage because of the difference in temperatures, the 

solar collectors works in that way with the lowest temperatures possible. However in Brazil 
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the horizontal tank is often used because of the direct system which is not depended on the 

difference in temperatures like the indirect system with a heat exchanger. [6] 

The heat storages the retailer Thermosol in Lajeado got comes from the Brazilian 

manufacture Transsen in volumes from 50 to 2500 liters. They also got tanks with heat 

exchanger. [14] 

4.6 Heat exchangers 
In indirect solar collector systems where the solar collector liquid should not be in contact 

with the used water a heat exchanger is utilized.  The heat can be changed with a tube 

battery inside the heat storage or with an external flat heat exchanger. The tube battery is a 

flanged helical copper tube which most commonly is placed inside the tank from the 

manufacture.  The exterior area of the tube battery should according to the rule of thumb be 

20 to 25 % of the solar collector area. A flat heat exchanger is constructed of many thin tight 

fitting plates of stainless steel which makes the efficiency higher compared to a tube battery.  

[6] 

4.7 Chillers 

4.7.1 The vapour compression chiller (VCC) 

A VCC can also be called heat pump depending on the demand, heat or cooling. The vapour 

compression chiller has a condenser, a throttle valve, an evaporator and a compressor. The 

compressor increases the temperature and the pressure of the refrigerant which goes to the 

condenser. In the condenser the refrigerant condenses, heat is generated and the 

refrigerant goes to the throttle valve where the pressure is reduced.  Finally the refrigerant 

gets to the evaporator where it is evaporated and a cooling effect is received. [10] This is the 

way an ordinary refrigerator or an air condition works.  [8] 

 

Figure 4. Schematic figure of a vapour compressor chiller 
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4.7.2 Sorption chillers 

Sorption in this case means a substance quality to under certain circumstances bind 

vaporized material and under other conditions emit them again. [9] There is both ab- and 

adsorption chillers and the technique has the advantageous of being noiseless, has long 

durability, cheap to maintain and is environmentally friendly. [12] The technique was 

common in for example refrigerators during the first half of the 20-century, one of the 

earliest patents is from 1909, but got replaced when the VCC, electric motors, and power 

stations got cheaper and more reliable. The introduction of CFC-gases as a refrigerant also 

contributed the fall of the sorption chillers. [12] The absorption chiller is the most common 

and is often used to make cold water from the heat generated by industrial processes. [8] 

Today only about fifty solar-assisted air-condition installations is to be found. These are pilot 

constructions in larger buildings, the technique is accordingly new and in its development 

stage. The sorption chillers that are on the market today are adapted for industrial processes 

and not for solar collectors. [8] The only smaller machine prepared for solar collectors and 

domestic use and is almost ready to be released on the market is ClimateWell’s model 10.  

4.7.3The Absorption chiller 

An early example of using the absorption technique is the refrigerator invented by the 

Swedish inventors von Platen and Munter. Nowadays the technique can be found in 

industrial processes and in smaller refrigerators for caravans and hotels. [8, 9] 

The absorption chiller works with fluids, most common water, and performs the functions of 

a VCC. In an absorption chiller the mechanical energy or the electricity the compressor in the 

VCC needs to make the process going is replaced with heat. The compressor in the VCC is 

replaced with an absorber, generator and circulation pump which perform a absorption-

boiling-process. Instead of the compressor sucking out the refrigerant from the evaporator 

the absorption solution, most common litium-brom or ammoniac, sucks it in to the absorber. 

The recently formed rich solution is pumped to the generator where there is high pressure. 

The solution gets hot, the water vaporizes and goes to the condenser and the absorption 

solution runs back to the absorber to over again suck up water, you got a circulation of the 

absorption solution. [9] 
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Figure 5. Schematic figure of an absorption chiller 

4.7.4 The adsorption chiller 

In the adsorption chiller the capillary attraction of a porous solid is used to in a mere 

mechanical way suck up the vapour, instead of using the chemical affinity like in an 

absorption chiller.  Some examples of working pares common in an adsorption chiller is 

water/silica gel (prepared silicic acid), water/zeolite, ammoniac/charcoal and 

methanol/charcoal. The adsorption chillers found on the market uses the water/silica gel 

working pare. In the absorption chiller there is a continuous loop of the absorption solution. 

In an adsorption chiller the solid has to be warmed or cooled alternately to be able to adsorb 

or emit the refrigerant. The lapse is therefore periodic with time. [8] 

The sequence of operation: 

1. The refrigerant has recently been adsorbed in the right compartment and is driven 

off to the condenser by heat. 

2. The refrigerant condenses in the condenser and heat is taken away by the cooling 

water. 

3. The condensate is sprayed in to the evaporator and evaporates under low pressure. 

In this step the useful cooling effected is received. 

4. The refrigerant vapour is adsorbed in to the left compartment and heat is rejected by 

cooling water.  [8] 
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Figure 6. Schematic figure of an adsorption chiller 

4.7.5 ClimateWell 

The big difference between the ClimateWell 10 and an ordinary absorption chiller is its inner 

store where the energy is saved chemically in litium-klorid, the machine is divided in to two 

barrels, both working like separate absorption chillers and it is optimized for solar collectors. 

ClimateWell 10 uses all three states of the refrigerant, gas, liquid and solid; the energy is 

stored in the solid state. The machine uses LiCl as a refrigerant instead of the more common 

litium-bromide or ammoniac, this because it works better in a solar collector system. Being 

divided into two barrels means that the CW 10 can give and receive energy at the same time, 

in other words; it can work as a cooling machine, a heat pump or both at the same time. It is 

working with temperatures between 50 and 90°C (120° for shorter periods), this makes it 

optimized for solar collectors. 

A heat sink is necessary for the CW 10; otherwise the evaporator and the condenser can not 

work. Examples of heat sinks are: a pool, pre-heating of the domestic water, a cooling tower, 

air cooled condenser or a geothermic heat sink. The best choice, if it is possible, is to use a 

pool or pre-heated domestic water as heat sink, in that way the waste heat is used. The 

maximum cooling power of the CW 10 is 10 kW per barrel or 20 kW if both barrels are 

discharged at the same time, the heating power is 25 kW. Its maximum storage capacity is 

60 kWh cooling or 76 kWh heat and the electrical COP is 714 in cooling mode and 1786 in 

heat mode. [13] 
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5. Solar cooling – the future? 

It is no doubt about the potential for solar cooling in southern Brazil, there is both sun and a 

cooling demand and at the same time. In the industrial countries the cooling demand has 

increased during several decades and the development countries are expected to follow. Big 

buildings like hotels, hospitals and universities are the first immediate targets for the solar 

cooling technique because the sorption chillers available on the market today are big and 

deliver a large amount of cooling effect. It is therefore the about fifty pilot projects in the 

world are in big buildings. The technique to make cool out of heat works, now it just has to 

be adjusted for solar collectors.  

The defects and errors found on the present solar-assisted air-conditioning systems are in 

the hydraulic- and control systems and in some cases the theoretical economic profit has not 

occurred in reality.  It is shown that to obtain an economic sustainable system the hydraulic- 

and the control systems have to be as simple as possible and their structure should be very 

well planned. Further more, it has been shown that the energy savings not every time shows 

up when changing from a vapour compressor chiller system to a solar-assisted air-condiition 

system. This because of the COP, cool effect divided with the input heat, for the sorption 

chillers often in under 1. If fossil fueled back up-systems is used, the solar-assisted air-

condition system has be used very often to be able to save energy. The department of solar 

heating and cooling at the international energy agency has realized a book in the subject 

solar cooling, Solar-Assisted Air-Condiiton in Buildings, where pitfalls and suggestions 

necesserary when dimensioning are described. [8] 

One of several test and development projects concerning machines with effects about 20 

kW and are developed for solar collectors is the ClimateWell 10. The product is at the time 

of writing tested in Spain where the climate is like in southern Brazil. If it works as expected 

it has big potential for both bigger single family houses, block of flats, and so on. [13] 

Designing a solar-assisted air-condition system a simulation program, like TRNSYS, should be 

used to obtain the most correct values as possible. Parameters counted with in a air-

condiiton system should be the floor area of the building, the volume, how many persons 

are in the building, the air changer per hour and the volume air changed per hour. If some of 

the data is not to be found simpler methods can be used. One important part of the system 

is naturally the solar collector system and a rule of thumb describing the solar collector area 

can be seen here:  

Acoll = Q�low, design / G * ηdesign * COPthermal, design 

Where Q�low, design is the nominell cooling capacity, G is the total solar radiation on the solar 

collector, ηdesign is the efficency of the solar collector under design conditions and COPthermal 

is the thermal coefficient of performance under design conditions of the cooling system. [8] 
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6. Field studies, Lajeado 

All prices will be given in Real, R$, and the exchange rate is 1 R$ = 3,5 SEK (2008-04-14) 

6.1 Thermosol 
The local solar collector supplier is named Thermosol and is run by Roberto Ammes. They 

have some different solutions to heat your domestic water. The primary product line is 

mostly quite simple self circulated systems and they sell solar collectors from three different 

markets, Austria, China and Brazil.  Heat storage and other necessary equipment are also 

found at Thermosol.  

Product & Brand Size 
Price 
R$ Price SEK Manufactured in 

Heat storage 
    Transsen, 5 year warranty 400 l 1450 5075 Brazil 

 
600 l 1600 5600 Brazil 

Transsen, 10 year warranty 400 l 1600 5600 Brazil 

 
600 l 1900 6650 Brazil 

Solar collectors 
    Transsen TRG 1,7m2 730 2555 Brazil 

Transsen TR 1,7m2 550 1925 Brazil 

Greenonetec 2m2 1300 4550 Austria 

Vacuum, unknown brand 20  tubes 1800 6300 China 

Installation + material 
    

  
1300 4550 Brazil 

Table 1. Prices from Thermosol 

6.1.1 Transsen 

Transsen is a Brazilian company which supplies, among other things, solar collectors and 

heat storage tanks. The models which is supplied by Thermosol is TR and TRG, the difference 

between these solar collectors is that TRG is delivered with thicker pipes, this rise the quality 

but also the price. The efficiency for these collectors in Brazil is according to Transsen 53 %. 

This is the efficiency that will be used in the calculations.  

6.1.2 GreenOneTec 

The Austrian brand is named GreenOneTec and is a big supplier of solar collectors; they sell 

about 100 different models in eight product lines. Thermosol has one of GreenOneTecs flat 

collectors and is the best product in the segment of flat solar collectors at Thermosol. On 

this collector we do not know the efficiency in the conditions in Brazil, but according to 

Thermosol it should be better than Transsen. The efficiency is therefore estimated to 55 %.  
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6.1.3 Chinese evacuated tube collectors  

Thermosol also evacuated tubes delivered from China. Information about both the 

manufacturer and the solar collector is missing; therefore these collectors will not be a part 

of our dimensions. [14] 

6.2 Background fact  

6.2.1 The house 

The house is a two story building at about 100 m2 which stand with the front to north, the 

angle of the roof is about 25-35 degrees and this makes the fundamental conditions good for 

solar collectors. Today the water is heated with a gas burner and there is no heat storage. 

For cooling a traditional compressor driven air conditioner is used in one of the bedrooms. 

The family consists of Prof. Dr. André and Katja. The daily hot water demand is estimated to 

125 liter. 

6.2.2 Demand 
 

 

 

 

 

  

The incoming and outgoing temperatures of the water was tested and measured in a house 

with an electrical shower device. 

Incoming water temperature: 22 oC 

Outgoing water temperature: 43 oC 

The difference in temperature, ΔT = 21oC. 

To calculate the energy which is needed to raise the temperature this formula is used.  

Q = c * m* ΔT 

 c= specific thermal capacity, 4180 J/kgK 

m = mass [kg] 

ΔT = temperature difference [oC]  

To find out the energy which is needed to raise the temperature of 125 liters of water 21oC 

you calculate according to this.  

Q = 4180 * 125 * 21 à Q = 10 972 500J à Q = 10,97 MJ à Q = 3 kWh  

Hot water demand Liter/day Comment 

Shower 110 30 minutes shower 

Do the dishes 5   

Washing - The washing machine use cold water 

Others 10 Dish, washing hands etc.  

Totally 125 Hot water demand per day.  

Table 2. The numbers in the table is estimated in corporation with the owner. 



 
23 

To provide the demand of hot water 3 kWh of energy is needed every day. This is the 

number that will be used in the calculations and also to compare with use of gas electricity.  

6.3 The dimensions  

6.3.1 The system today, gas burner 

The gas burner which is used today supply the house with hot water in the showers and the 

taps. Hot water in the taps is not very common in Brazil, most of the population use cold 

water for washing and dishing.  

The specifications of the gas burner are mentioned below: 

Gas: L.P Gas 

Flow: 18l/min, 76,8 MJ/h 

Efficiency 80% 
Table 3. The specifications of the gas burner 

With this and some information about the gas it is easy to calculate the amount of gas which 

is used daily.  

LPG: 

Energy content: 12,1 kWh/kg 

Density: 2,01 kg/m3 

Price: 30,6R$/ tube(13kg) à 2,35 R$/kg [17]  

The price for heating the water with the gas burner is calculated below 

3 kWh is the amount of energy needed per day, the efficiency of the gas burner is 80 %. 

3/0,8 = 3,75 kWh 

The energy content of liquefied petroleum gas is 12,1 kWh/kg. In kg you need: 

3,75/12,1 = 0,31 kg/day 

0,31 kg/day * 2,35 R$/kg =0,73 R$/day 

0,73 R$/3 kWh = 0,24 R$/kWh 

The price will be 0,24 R$ per kWh or 0,73 R$ per day.  

6.3.2 The most common system, electrical heating 

The superior most common way to heat shower water in Brazil is with an electrical heater. It 

uses an electric resistor in the very end of the shower mouthpiece which turns warm and 

heat the water. A normal electric heater of this kind use the power of about 5 400 W.  

In order to fairly compare the electrical heater with the other options the water flow and 

temperature raise were tested in order to calculate the efficiency.  
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The water flow was measured to 3,6 liter/minute and the temperature raise to 21 oC. 

Since household which use this type of system often only use hot water in the showers the 

consumption of hot water will be less, but on another hand the comfort will not be the 

same. Things such as do the dishes and wash the hands will have to be done with cold water.  

This makes the water demand 110 liters per day instead of 125 liters.  

To heat 110 liters of water 21 oC one will theoretical need 2,69 kWh. 

Q = 4180 * 110 * 21 = 9 655 800 J à Q = 2,68 kWh 

In reality there are some losses.  

30,5 minutes = 0,509 h 

5 400 W * 0,509 h = 2,75 kWh 

This gives the efficiency of 97,5% 

η = 2,68/2,75 à η = 97,5% 

The electricity costs 0.42 R$ per kWh [Appendix 4] 

Per day this system will cost 1.16 R$ 

6.3.3 Solar heating 

In this section a couple of different system will be dimensioned to existing circumstances. 

The options that will be presented here will all build on self circulated system with flat solar 

collectors. This will make the systems cheaper and more attractive on the market. The 

economical calculations will not use changed price of the electricity or possible interest.  

A Formula to calculate the payback time has been made. 

 
Derivation and explanation in Appendix 1. 

All numbers used in this section will be accessible in the appendixes. All calculations are built 

on a horizontal solar collector and therefore no consideration is shown to tilt angle or point 

of the compass.  

In this case dimensions will be made for two Transsen systems and one GreenOneTec. 

The Transsen system 

The hot water demand is like calculated earlier, 3 kWh/day. The system will be composed of 

a heat storage tank with the capacity of 400 liters, one or two solar collectors with the area 
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of 1,7 m2 each. The installation cost will be added to this. Because of some differences in the 

quality and warranty two systems will be shown here.   

System 1 

Product Price R$ Price SEK 

Heat storage 400 l, 10 years warranty 1 600 5 600 
Transsen TRG 1,7 m2 x2 1 460 5 110 
Installation 1 300 4 550 
Totally 4 360 15 260 
Table 4. Prices for Transsen system 1 

The yearly coverage for this system will be 100%. [Appendix 2] 

According to the payback formula the payback time will be 16,3 years for this system. 

System 2 

Product Price R$ Price SEK 

Heat storage 400 l, 5 years warranty 1 450 5 075 
Transsen TR 1,7 m2 550 1 925 
Installation 1 300 4 550 
Totally 3 300 11 550 
Table 5. Prices for Transsen system 2 

The yearly coverage for this system will be 87%. [Appendix 2] 

According to the payback formula the payback time will be 14,2 years for this system. 

GreenOneTec system 

This system will use one Transsen 400 liters hot storage tank and one GreenOneTec solar 

collector with the area of 2 m2. The installation cost is the same as before. 

System 

Product Price R$ Price SEK 

Heat storage 400 l, 10 years warranty 1 600 5 600 
GreenOneTec, 2m2 1 300 4 550 
Installation 1 300 4 550 
Totally 4 300 15 050 
Table 6.  Prices for GreenOneTec system 

The yearly coverage for this system will be 94%. [Appendix 2] 

According to the payback formula the payback time will be 17,1 years for this system. 

6.3.4 Conclusion 

As you can see the payback times are long, this depends of the low consumption of hot 

water but also because of the gas burner which gives an advantageously price. In this case it 

is not economical profitable to install solar heating. But in the aspect of environment it is a 

profit because the gas which is used is a fossil fuel. In next section some systems for bigger 

consumers will be analyzed and comparisons with electrical heating will be made.  
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6.4 General dimensioning in southern Brazil  
In Brazil it is common to live at home longer, which generally makes the families bigger. In 

this section a number of different systems adapted to four or six persons will be 

dimensioned. This to show how the profit will raise when the hot water consumption is 

bigger and the systems is bigger. Row house is quite common in Brazil and a system together 

with the neighbors will also be analyzed. In the winter time the solar system may not cover 

the hot water demand, and then an ordinary electrical heater will be used. The reason why 

we use a horizontal surface in our calculation is because the optimal angle varies during the 

year. I summer time a lower angle is needed since the sun raise higher and during the winter 

the angle needs to be higher to get the best efficiency. The system is therefore built with an 

angle which optimizes it for specific conditions. In the cases below an angle adapted to the 

winter is recommended since there are over-production in the summer 

6.4.1 Household, 4 persons 

A couple of systems adapted to four persons with an estimated hot water demand of 250 

liters per day will here be shown.  

The first system is a Transsen system with two solar collectors and an area of 3,4 m2. The 

heat storage will be a 400 liters Transsen tank. 

Product Price R$ Price SEK 

Heat storage 400 l, 10 years warranty 1 600 5 600 
Transsen TRG 1,7 m2 x2 1 460 5 110 
Installation 1 300 4 550 
Totally 4 360 15 260 
Table 7.  Prices for Transsen system, 4 persons 

The yearly coverage for this system will be 87%. [Appendix 2] 

According to the payback formula the payback time will be 5,4 years for this system. 

The second system will use two GreenOneTec collectors with a total area of 4 m2. The heat 

storage will be a 400 liters Transsen tank.  

Product Price R$ Price SEK 

Heat storage 400 l, 10 years warranty 1 600 5 600 
GreenOneTec, 2m2 x2 2 600 9 100 
Installation 1 300 4 550 
Totally 5 500 19 250 
Table 8.  Prices for GreenOneTec system, 4 persons 

The yearly coverage for this system will be 94%. [Appendix 2] 

According to the payback formula the payback time will be 6,3 years for this system. 

As we can see the payback times are shorter this makes the systems more attractive. In 

appendix 3 more systems are shown.   
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6.4.2 Household, 6 persons 

A couple of systems adapted to six persons with an estimated hot water demand of 375 

liters per day will here be shown.  

The first system is a Transsen system with three solar collectors and an area of 5,1 m2. The 

heat storage will be a 600 liters Transsen tank. 

Product Price R$ Price SEK 

Heat storage 600 l, 10 years warranty 1 900 6 650 
Transsen TRG 1,7 m2 x3 2 190 7 665 
Installation 1 300 4 550 
Totally 5 390 18 865 
Table 9. Prices for Transsen system, 6 persons 

The yearly coverage for this system will be 87 %. [Appendix 2] 

According to the payback formula the payback time will be 4,4 years for this system. 

The second system will use two GreenOneTec collectors with a total area of 4 m2. The heat 

storage will be a 600 liters Transsen tank.  

Product Price Price SEK 

Heat storage 600 l, 10 years warranty 1 900 6 650 
GreenOneTec, 2m2 x2 2 600 9 100 
Installation 1 300 4 550 
Totally 5 800 20 300 
Table 10.  Prices for GreenOneTec system, 6 persons 

The yearly coverage for this system will be 74%. [Appendix 2] 

According to the payback formula the payback time will be 5,2 years for this system. 

More systems adapted to six persons are shown in appendix 3. 

6.4.3 Row house, 10 persons 

In this example a row house which contains three families will be analyzed. The number of 

persons is 10 and the hot water demand is estimated to be the same as in earlier 

calculations. This will give a daily consumption of 625 liters of hot water.  

The cheapest Transsen system is shown below 

Product Price R$ Price SEK 

Heat storage 600 l, 5 years warranty x2 3 200 11 200 
Transsen TR 1,7 m2 x5 2 750 9 625 
Installation 1 300 4 550 
Totally 7 250 25 375 
Table 11.  Prices for Transsen system, 10 persons 

The yearly coverage for this system will be 87%. [Appendix 2] 

According to the payback formula the payback time will be 3,6 years for this system. 

The most expensive GreenOneTec system is shown below. 
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Product Price R$ Price SEK 

Heat storage 600 l, 10 years warranty x2 3 800 13 300 
GreenOneTec, 2m2 x5  6 500 22 750 
Installation 1 300 4 550 
Totally 11 300 39 550 
Table 12.  Prices for GreenOneTec system, 10 persons 

The yearly coverage for this system will be 94%. [Appendix 2] 

According to the payback formula the payback time will be 5,1 years for this system. 

More systems adapted to ten persons are shown in appendix 3. 

6.4.4 Conclusion 

As you can see in the calculations and examples the payback time will drop when the 

consumption is rising and the size of the systems are rising. If a solar collector system has a 

payback time in less than five years it is very competitive on the market.  

According to the diagram below you can see how much money you will save compared to 

electrical heating if the solar system works 15 years. It is easy to see that the profits will 

increase for the bigger systems; here it can be at good idea to add some advanced 

equipment such as pumps, heat exchangers, control centrals etc.  

Even in comparison with gas systems the solar heating will be cheaper after a while, except 

from the smallest systems.  

 

Diagram 2. Savings in a 15 year period 

 

 

If you compare an electrical system with a solar system for six persons you will get a saving 

of, 20 000 – 8 000 = 12 000 R$ in a fifteen year period. Divided per year this is over 800 R$ 

per year.  
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7. Discussion 

The electricity production in Brazil is rather clean and environmental friendly, this is not an 

excuse to waste.  Today almost all hot water to the showers is heated with an electrical 

heater. The potential to replace the electrical heater with solar heating in Brazil is enormous. 

The sun is shining during the day and most of the hot water is consumed in the evening. This 

gives the solar collector one more advantage since it can spend the whole day heating the 

water. When the water has been used in the evening the temperature in the tank is rather 

low which is good for the efficiency since solar collectors works good with low temperature 

in the heat storage. The use of solar collectors is also good for the environmental, 25 % of 

the electricity is made from non renewable sources. 

From an economic point of view it is very attractive to replace electrical heating with solar 

collectors. As seen in the calculations and the appendixes the payback time can be as short 

as 3 years while in less favorable circumstances the payback time can be almost 10 years. If 

you count in a 15 years period these payback times are very good. For the most of the 

families the investment cost is rather high and bank loan is required. In this project we 

haven’t counted with that but the interests will not make it unprofitable.  

The system which was dimensioned for two persons and gave a payback time of 17 years 

was almost the worst possible circumstances. The water consumption was low which gives 

expensive parts such as heat storage and installation long payback time. The matter that gas 

was used made this case even worse. The only good thing is that the fossil gas is replaces 

with an environmental friendly alternative.  

Very big consumers of hot water such as multi-storey buildings and hotels can with 

advantage use solar collectors and complete them with gas burners. This will give an even 

faster payback time than many other examples. 

When it comes to comfort cooling for regular family houses, the alternatives, using the sun 

as the main energy sources, is few. The sorption chillers on the present market are adapted 

for industrial processes and are therefore more suitable for larger buildings. Obviously, the 

potential for the solar cooling technique is huge because the cooling demand is biggest 

when the sun shines the most. Nowadays the technique is in a development stage and 

expensive and has to be much cheaper, if it should become established on the Brazilian 

market.    

To sum up everything you can say that to get rid of the enormous peak in electricity 

consumption in the evenings something has to be done. Solar energy is not only profitable 

but also an environmental friendly way to cut the peak and reduce the electricity dependent.  
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Appendix 1  

A formula has been made too easier calculate the payback time for the different systems. Derivation 

and explanation will follow.  

The energy that is needed to heat water, expressed in kWh. 

 

The investment coast, I is added to the formula.  

 

To get the final formula you have to add some parameters, numbers of days in a year, the systems 

yearly coverage, electricity price. 

 

Pt = Pay-Off time 

I = Investment 

m = Mass of water used 

ΔT = Difference of temperature  

Cy = Yearly coverage 

ep = Electricity price or Gas Price 



Appendix 2 GreenOneTech
Total radiation 

[kWh/m2]

Radiation 

[kWh/m2/day]

Used Radiation 

[kWh/m2/day]

2 m
2 

[kWh]

4m
2 

[kWh]

6 m
2 

[kWh]

8 m
2 

[kWh]

10m
2 

[kWh]

January 152 4,9 2,695 5,39 10,78 16,17 21,56 26,95

February 136 4,9 2,695 5,39 10,78 16,17 21,56 26,95

March 113 3,6 1,98 3,96 7,92 11,88 15,84 19,8

April 88 2,9 1,595 3,19 6,38 9,57 12,76 15,95

May 66 2,1 1,155 2,31 4,62 6,93 9,24 11,55

June 56 1,9 1,045 2,09 4,18 6,27 8,36 10,45

July 66 2,1 1,155 2,31 4,62 6,93 9,24 11,55

August 83 2,7 1,485 2,97 5,94 8,91 11,88 14,85

September 95 3,2 1,76 3,52 7,04 10,56 14,08 17,6

October 121 3,9 2,145 4,29 8,58 12,87 17,16 21,45

November 150 5 2,75 5,5 11 16,5 22 27,5

December 167 5,4 2,97 5,94 11,88 17,82 23,76 29,7

Efficency: 55%

Size per unit: 2 m
2

All radiation is on a horizontal suface.



GreenOneTech yearly coverage in Lajeado
2 Persons (3 kWh) 6 Persons (9 kWh)

2 m
2

4 m
2

2 m
2

4 m
2

6 m
2

4 m
2

6 m
2

6m2 8m2 10m2

January 100% 100% 90% 100% 100% 100% 100% 100% 100% 100%

February 100% 100% 90% 100% 100% 100% 100% 100% 100% 100%

March 100% 100% 66% 100% 100% 88% 100% 79% 100% 100%

April 100% 100% 53% 100% 100% 71% 100% 64% 85% 100%

May 77% 100% 39% 77% 100% 51% 77% 46% 62% 77%

June 70% 100% 35% 70% 100% 46% 70% 42% 56% 70%

July 77% 100% 39% 77% 100% 51% 77% 46% 62% 77%

August 99% 100% 50% 99% 100% 66% 99% 59% 79% 99%

September 100% 100% 59% 100% 100% 78% 100% 70% 94% 100%

October 100% 100% 72% 100% 100% 95% 100% 86% 100% 100%

November 100% 100% 92% 100% 100% 100% 100% 100% 100% 100%

December 100% 100% 99% 100% 100% 100% 100% 100% 100% 100%

Total 94% 100% 65% 94% 100% 79% 94% 74% 87% 94%

4 Persons (6 kWh) 10 Persons (15kWh)



Appendix 2 Thermosol  TRG/TR
Total radiation 

[kWh/m2]

Radiation 

[kWh/m2/day]

Used Radiation 

[kWh/m2/day]

1,7 m2 

[kWh]

3,4 m2 

[kWh]

5,1 m2 

[kWh]

6,8 m2 

[kWh]

8,5 m2 

[kWh]

10,2 m2 

[kWh]

January 152 4,9 2,597 4,4149 8,8298 13,245 17,66 22,075 26,4894

February 136 4,9 2,597 4,4149 8,8298 13,245 17,66 22,075 26,4894

March 113 3,6 1,908 3,2436 6,4872 9,7308 12,97 16,218 19,4616

April 88 2,9 1,537 2,6129 5,2258 7,8387 10,45 13,065 15,6774

May 66 2,1 1,113 1,8921 3,7842 5,6763 7,568 9,4605 11,3526

June 56 1,9 1,007 1,7119 3,4238 5,1357 6,848 8,5595 10,2714

July 66 2,1 1,113 1,8921 3,7842 5,6763 7,568 9,4605 11,3526

August 83 2,7 1,431 2,4327 4,8654 7,2981 9,731 12,164 14,5962

September 95 3,2 1,696 2,8832 5,7664 8,6496 11,53 14,416 17,2992

October 121 3,9 2,067 3,5139 7,0278 10,542 14,06 17,57 21,0834

November 150 5 2,65 4,505 9,01 13,515 18,02 22,525 27,03

December 167 5,4 2,862 4,8654 9,7308 14,596 19,46 24,327 29,1924

Efficency: 53%

Size per unit: 1,7 m
2

All radiation is on a horizontal suface.



Transen, yearly  coverage i Lajeado

1,7 m
2

3,4 m
2

3,4 m
2

5,1 m
2

5,1 m
2

6,8 m
2

8,5 m2 10,2 m2

January 100% 100% 100% 100% 100% 100% 100% 100%

February 100% 100% 100% 100% 100% 100% 100% 100%

March 100% 100% 100% 100% 100% 100% 100% 100%

April 87% 100% 87% 100% 87% 100% 87% 100%

May 63% 100% 63% 94% 63% 84% 63% 76%

June 57% 100% 57% 86% 57% 76% 57% 69%

July 63% 100% 63% 94% 63% 84% 63% 76%

August 81% 100% 81% 100% 81% 100% 81% 97%

September 96% 100% 96% 100% 96% 100% 96% 100%

October 100% 100% 100% 100% 100% 100% 100% 100%

November 100% 100% 100% 100% 100% 100% 100% 100%

December 100% 100% 100% 100% 100% 100% 100% 100%

Totaly 87% 100% 87% 98% 87% 95% 87% 93%

2 Persons (3 kWh) 4 persons (6 kWh) 6 Persons (9kWh) 10 persons (15 kWh)



Appendix 3 - Pay back time
Green

One 

Tec

Chinese 

evacuated 

tubes

Istall-

ation

Total cost 

(R$)

Yearly 

Coverage

Pay back 

time

400 l, 5 yr 400 l, 10 yr 600 l, 5yr 600 l, 10 yr TR 1,7 m
2

TRG 1,7 m
2

2m
2

20 tubes

Price per Unit (R$) 1450 1600 1600 1900 550 730 1300 1800 1300

2 Persons (125l)

System 1 1 1 1 3300 87% 8,1 years

System 2 1 2 1 3850 100% 8,2 years

System 3 1 1 1 3450 87% 8,5 years

System 4 1 2 1 4000 100% 8,6 years

System 5 1 1 1 3480 87% 8,6 years

System 6 1 2 1 4210 100% 9,0 years

System 7 1 1 1 3630 87% 8,9 years

System 8 1 2 1 4360 100% 9,3 years

System 9 1 1 1 4050 94% 9,2 years

System 10 1 1 1 4200 94% 9,6 years

4 Persons (250l)

System 1 1 2 1 3850 87% 4,7 years

System 2 1 3 1 4400 98% 4,8 years

System 3 1 2 1 4000 87% 4,9 years

System 4 1 3 1 4550 98% 5 years

System 5 1 2 1 4000 87% 4,9 years

System 6 1 3 1 4550 98% 5 years

System 7 1 2 1 4300 87% 5,3 years

System 8 1 3 1 4850 98% 5,3 years

System 9 1 2 1 4210 87% 5,2 years

System 10 1 3 1 4940 98% 5,4 years

System 11 1 2 1 4360 87% 5,4 years

System 12 1 3 1 5090 98% 5,6 years

System 13 1 2 1 4360 87% 5,4 years

System 14 1 3 1 5090 98% 5,6 years

Heat Storage Transen



Green

One 

Tec

Chinese 

evacuated 

tubes

Istall-

ation

Total cost 

(R$)

Yearly 

Coverage

Pay back 

time
400 l, 5 yr 400 l, 10 yr 600 l, 5yr 600 l, 10 yr TR 1,7 m

2
TRG 1,7 m

2
2m

2
20 tubes

Price per Unit (R$) 1450 1600 1600 1900 550 730 1300 1800 1300

System 15 1 2 1 4840 87% 6,0 years

System 16 1 3 1 5390 98% 5,9 years

System 17 1 1 1 4050 65% 6,7 years

System 18 1 2 1 5350 94% 6,1 years

System 19 1 1 1 4200 65% 6,9 years

System 20 1 2 1 5500 94% 6,3 years

System 21 1 1 1 4200 65% 6,9 years

System 22 1 2 1 5500 94% 6,3 years

System 23 1 1 1 4500 65% 7,4 years

System 24 1 2 1 5800 94% 6,6 years

6 Persons (375l)

System 1 1 3 1 4550 87% 3,7 years

System 2 1 4 1 5100 95% 3,8 years

System 3 1 3 1 4850 87% 4,0 years

System 4 1 4 1 5400 95% 4,1 years

System 5 1 3 1 5090 87% 4,2 years

System 6 1 4 1 5820 95% 4,4 years

System 7 1 3 1 5390 87% 4,4 years

System 8 1 4 1 6120 95% 4,6 years

System 9 1 2 1 5500 79% 5,0 years

System 10 1 3 1 6800 94% 5,2 years

System 11 1 2 1 5800 79% 5,2 years

System 12 1 3 1 7100 94% 5,4 years

10 Persons (625l)

System 1 2 5 1 7250 87% 3,6 years

System 2 2 6 1 7800 93% 3,6 years

System 3 2 5 1 7550 87% 3,7 years

Heat Storage Transen



System 4 2 6 1 8100 93% 3,8 years

System 5 2 5  1 8150 87% 4,0 years

System 6 2 6 1 8880 93% 4,1 years

System 7 2 5 1 8450 87% 4,2 years

System 8 2 6 1 9180 93% 4,3 years

System 9 2 3 1 8400 74% 4,9 years

System 10 2 4 1 9700 87% 4,8 years

System 11 2 5 1 11000 94% 5,0 years

System 12 2 3 1 8700 74% 5,0 years

System 13 2 4 1 10000 87% 4,9 years

System 14 2 5 1 11300 94% 5,1 years





Appendix 5 Wheather data Summary
2003 2004 2005 2006 2007 2008 Avarage

January 99,6495 163,2145 168,7575 146,945 139,666 192,1995 151,7387

February 114,6125 141,6005 130,4505 129,4035 131,6595 167,234 135,8268

March 118,5055 129,901 124,709 117,138 103,8275 83,332 112,9022

April 0 91,286 76,0795 93,0275 90,029 87,6055

May 0 64,016 70,0665 64,3575 0 66,14667

June 0 59,4895 53,82 54,79 0 56,03317

July 57,839 67,1025 73,675 63,72 0 65,58413

August 86,379 84,927 73,8115 80,562 88,9165 82,9192

September 93,2445 81,0715 78,588 103,3625 118,0815 94,8696

October 123,0454 140,2955 101,3025 120,703 119,651 120,9995

November 146,9405 137,937 149,331 126,586 191,1585 150,3906

December 146,7315 160,7305 167,582 164,6675 196,6025 167,2628



Solar radiation

Lajeado Sothern Sweden

January 151,7387 15

February 135,8268 25

March 112,9022 58

April 87,6055 115

May 66,14667 155

June 56,03317 156

July 65,58413 166

August 82,9192 130

September 94,8696 80

October 120,9995 42

November 150,3906 21

December 167,2628 10

1292,279 973
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