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ABSTRACT: The Solar Decathlon is a contest among universities of the whole world that design and build self-

sufficient houses that operate using solar energy only. In 2012, like every 2 years, the competition will take place in 

Madrid in September. During the 17 days of the contest, the participating houses will be evaluated on different 

categories, including one of most important: energy efficiency. Among the 20 participants in this edition, for the first 

time, there is one Brazilian team with its own project called the “Ekó House”. This project is based on different 

energy efficiency strategies such as: - Photovoltaic Panels - Solar collector -Double glazing - Thermal insulation of 

walls- Shadings devices - Cross Ventilation - Chimney effect. As the competition takes place in Madrid, these 

strategies consider the local weather conditions for September. In this context a question still remains, What would be 

the energy behaviour of this house in Brazil? Or, in other words, what can we learn and apply for the Brazilian case 

from the Solar Decathlon experience? 

The main purpose of this study is to show, as an initial exploration, the different energy behaviour of the building in 

the different Brazilian climatic zones compared with the Madrid results. This target is achieved by simulating the 

“Ekó House” on EnergyPlus. This energy balance is given by the difference between photovoltaic generation and the 

energy consumption of the house considering a residential use.   

Keywords: energy efficiency, building simulation, Solar Decathlon.  

 

 

INTRODUCTION  

In recent years the importance of a concept of sustainable 

architecture and care for the environment is becoming a 

live motive in contemporary architecture. The use of 

innovative technologies integrated with the use of solar 

energy and passive strategies aimed at a reduction in 

residential consumption, are becoming integral aspects of 

architectural design [1].  

All this is aimed to reduce the energy consumption of 

residential buildings, which amounts to about 20% of 

total energy consumption worldwide [2].  

Founded in 2002 by the U.S. Department of Energy 

(DOE), Solar Decathlon is a contest in which universities 

from around the world meet to design energy self-

sufficient houses, by applying active and passive solar 

strategies and concepts of bioclimatic architecture.  

Since 2010, after the great success of the American 

edition in Washington DC, for the first time the contest 

was held in Madrid and took the name of Solar 

Decathlon Europe (SDE) [3]. 

During the 17 days of the contest, the participating 

houses will be evaluated on different categories, 

including one of the most important ones: the energy 

efficiency. 

This year, in September, the contest will take place in 

Madrid with 20 participating teams.  

Brazil will be represented, for the first time, by "Ekó 

House", a house designed by the Federal University of 

Santa Catarina and the Federal University of Sao Paulo 

[4].  

The entire project has been developed according to the 

climatic conditions in Madrid, in order to achieve the 

best result in the competition.  

But what the behaviour of Ekó House in Brazil would 

be? 

 

 

RESERCH CONTEXT 

This is work was inspired in some different paper 

analyzed. 

The houses participating of past Solar Decathlon contest, 

have been the subject of different energy study [5,6]. 

Other articles examined energy efficient design strategies 

for different climatic zones [7,8]. 

These two themes together form the starting point for this 

paper. 
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OBJECTIVE 

The objective of this research is to verify the energy 

behaviour of  "Ekó House" at different climate zones in 

Brazil without altering the project designed for the 

contest in Madrid. Once some chosen Brazilian cities 

simulating the house would have been selected, it will be 

then possible to check how the design of the house 

responds to the climate of Brazil [9] in terms of PV 

generation and electric energy consumption. 

 

 

HOUSE DESCRIPTION 

The name “Ekó House” connects “Ekó” - a native Indian 

word that means way of living and is also related to 

ecology - with house. For this reason, natural materials, 

and techniques of bioclimatic architecture are based on 

the house of the native Indian. 

 “Ekó House” is a rectangular small home, about 50 m
2 

(Fig. 1).  

The project includes a living area with a kitchen, a study 

area, a bedroom and a bathroom. The house has a main 

south-north direction that allows a higher solar energy 

gaining. 

 

 
Figure 1: Project “Ekó House” – image of Rovy Pessoa 

Ferreira.   
 

The materials used are mostly sustainable materials, such 

as wood and bamboo. Several passive systems have been 

used in order to increase the thermal comfort of 

inhabitants, such as: 

- automated blinds located on the southern facade; 

- reflecting pool; 

- bamboo vertical solar shadings on the eastern and 

western facades; 

- cross ventilation. 

48 photovoltaic panels were installed on the roof for 

meeting the electricity needs of the house. The panels are 

placed at an angle of 15 ° for achieving the best energy 

gain in the month of September in Madrid. 

Again on the roof, 4 solar collectors were installed, 

which allow hot water production. A HVAC air-

conditioned system was installed for cooling and heating 

the house. 

Finally, the rainwater harvesting is carried out through 

the wetland system. All electronic and domestic 

appliance inside the house are low energy consuming, 

such as lighting that uses LED lamps. 

 

 

METODOLOGY 

The methodology used for the energy analysis of “Ekó 

House” starts from the definition of some basic 

parameters. 

At first, the type of use of the house had to be 

considered. Due to its small sizes, the house has been set 

up to be used for a family of 2 adults, although the 

number of a typical Brazilian family is 3.1 people 

(according to the Brazilian Statistics Institute - IBGE) 

[10]. In agreement with the habits of this representative 

couple, it is possible you create an annual occupation 

schedule and use of various appliances in the house. It 

was defined as an area of indoor thermal comfort during 

the stay of residents who will be 23°-25°C according 

with the rules of the competition. 

After this first step, some Brazilian cities were chosen to 

be used as a place for testing behaviour in the house. 

These cities were selected according to two factors: 

- Bioclimatic zones (NBR 15220)(Fig. 2) [11]; 

- Solar Energy Generation (Fig. 3) [12]. 

 

 
 

 

Figure 2: Brazilian climatic zones (NBR 15220) [11].  
 

In agreement with these 2 parameters cities were chosen: 

- Belem, Bioclimatic Zone 8, Solar Energy Generation 

from 4.44 to 4.61 kWh / day; 

- Natal Bioclimatic Zone 8, Solar Energy Generation 

from 4.61 to 4.78 kWh / day;- Brasilia, Bioclimatic Zone 

4, global radiation from 4.78 to 494 kWh / day; 

- São Paulo, Bioclimatic Zone 3, global radiation from 

4.27 to 4.44 kWh / day; 
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- Curitiba, Bioclimatic Zone 1, global radiation from 4.11 

to 4.27 kWh / day; 

- Florianopolis, Bioclimatic Zone 3, global radiation 

from 3.94 to 4.11 kWh / day. 

 

 
 

Figure 3:Solar Energy generation [12].  
 

In order to run the simulations, a thermal model of the 

house was created. Simulations were performed with 

Energy Plus, version 7.0 [13]. 

 

1-Building envelope modelling 

First, it was decided to simplify the model of the house: 

- windows and solar shading elements in the façade have 

been simplified (Fig. 4); 

- - The roof has been created as a separate item, being a 

ventilated roof. 

 
Figure 4: Geometric model of “Ekó House”.  

 

The materials used have been reported in the model 

according to the sizes and their thermal characteristics: 

Insulation types and thickness (m): Space Loft Aerogel 

0,06m + 0,04 rock wool; 

Walls area and Thermal Transmittance (m
2
) (W/m

2
.K): 

(100m
2
) (0,22 W/m

2
.K);  

Floor area and Thermal Transmittance (m
2
) (W/m

2
.K): 

(55,62m
2
) (0,22 W/m

2
K) ;  

Roof area and Thermal Transmittance (m
2
) (W/ m

2
.K): 

(55,62 m
2
) (0,22 W/m

2
.K);  

Glazing area, Thermal Transmittance & Glazing Solar 

gain (m
2
) (W/m

2
.K) (SHGC): (21,91m

2
) (1,331 W/m

2
.K) 

(0,357 SHGC). 

 

2 - Household appliances modelling 

Once the model of the house was created, the next step 

was to create schedules used for each different appliance 

in the house (Table 1): 

 

Table 1: Consumption of appliances “Ekó House”.  

___________________________________________ 

Equipment     Day Consumption(kWh)    Power(W) 

___________________________________________ 
TV     0.09    92 

 Sound bar   0.15    150 

 Laptop     0.10    95 

 Cooktop   1.00    1000 

 Cabinet hood  0.40    400 

 Oven        3.50    3500 

 Refrigerator  0.07    67 

 Dishwasher    1.05    1050 

 Blender     0.40    400 

 Clothes Washer 1.22      1220 

 Clothes dryer  2.00    2000 

__________________________________________ 

 

3 – Lighting system modelling 

LED technology is used for all the lighting. LED was 

chosen because it delivers both lower energy 

consumption with lower heat emission compared with 

other commercially available lighting technologies.  

The same thing was done to the interior and exterior 

lighting (Table 2). 
 

Table 2: Lighting of “Ekó House”.  

___________________________________________ 

Lighting         Power(W) 

___________________________________________ 
Exterior Lighting        663 

 Interior Lighting        352 

__________________________________________ 

 

4 - Hvac system modelling 

The HVAC systems presents the following features: 

Heating system : 18 kW; 

Cooling system : 15.5 kW; 

 

4 - Photovoltaic system modelling 

The power production capability of Ekó House is 

provided with 48 photovoltaic panels model SPR 230 

WHT provided by Sun Power Corporation. The modules 

face south with a zero azimuth. The inclination of the 

panels is 15° for the best disengagement in the 

competition. 

 

 

PV Modules: Sun Power SPR 230 WHT. 
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PV panels area: 66.65 m2. 

PV efficiency: 18,1 %. 

Installed PV power: 11.04 kWp. 

 

For this initial research the solar collector systems have 

not been taken into consideration because the main 

purpose is to observe the energy balance between electric 

energy consumption and PV generation. 

“Ekó house” was simulated first for the climatic 

conditions of Madrid with the same orientation of the 

house in the contest, that is, with the main facade 

oriented to southward. 

In the Brazilian cities the house was simulated on all the 

four orientations. 

 

 

RESULTS 

The simulations performed show the results related to 

“Ekó House”’ s performances. 

First of all, the house was evaluated according to the 

conditions of Madrid, location of the contest. The annual 

consumption of the house lived by 2 people has been 

verified. 

As already mentioned, the temperature of comfort 

required for the staying of people within "Ekó House" 

will be of 23 ° -25 ° C. The results obtained for Madrid, 

as seen on the chart (Fig. 5), declare that more than half 

of the annual consumption is due to the cooling of the 

house. 

 
Figure 5: General consumption of “Ekó House” in Madrid.  
 

The consumption due to household appliances and 

lighting are the second and the third headings of the 

global consumption. The total consumption is 7613 kWh 

per year. 

Despite this consumption, the energy balance is positive 

with a photovoltaic power generation at 20450 kWh per 

year. The energy balance is 12877 kWh per year (Fig. 6). 

Once the results for Madrid were collected, it was then 

possible to analyze the results for the cities in Brazil. 

Starting with the city of Belem, the results of all 6 cities 

were evaluated. The house has been analyzed by 

orienting it at all 4 different orientations (in Madrid only 

the southern orientation was considered). This allows to 

evaluate the behaviour of "Ekó House" in a more 

complete form. 

 
  
Figure 6: Energy balance of “Ekó House” in Madrid.  

 

First, general data on the total consumption of the house, 

the PV production and energy balance were obtained. 

As seen on the chart (fig. 7), the results are different for 

each city. All obtained data was compared with that for 

the city of Madrid. 

 

 
Figure 7: Balance energy of “Ekó House” in Brazil. 

 

Consumption 

Concerning the consumptions, the results show that the 

house has a very different behaviour for all different 

cities. The energy consumption due to the use of air 

conditioner is the main cause for these big differences for 

each city. (Fig.8).  

In the cities of Belem, Natal and Brasilia, the total annual 

consumption is higher because of the higher 

consumptions required for cooling and maintaining the 

indoor comfort temperature within the 25 °. 

Where the climate is milder, like in the cities of Sao 

Paulo, Curitiba and Florianopolis, consumption appears 

to be much lower. 

The different orientation of the house does not show 

great differences from the point of view of consumption. 

In general, the house oriented towards north and west 

presents a higher consumption in all cities (Fig.7). 
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Figure 8: Total consumption in the 6 cities of Brazil.  
 

Where the climate is milder, like in the cities of Sao 

Paulo, Curitiba and Florianopolis, consumption appears 

to be much lower. 

The different orientation of the house does not show 

great differences from the point of view of consumption. 

In general, the house oriented towards north and west 

presents a higher consumption in all cities. 

 

Photovoltaic Production 

The photovoltaic energy produced by "Ekó House" in the 

different cities widely varies according to the different 

orientation of the house. 

The first data to be analyzed is that no cities in Brazil 

enjoy a production that gets close to photovoltaic energy 

production achieved by the house in Madrid (PV: 20450 

kWh/year). 

By analyzing the simulation results, it is evident that the 

production of photovoltaic energy is bigger in cities with 

northern orientation. This is evident for the cities of Sao 

Paulo, Curitiba and Florianópolis, while in the other 3 

cities the difference is less marked. 

In the cities of Brasilia and Natal energy production is 

higher if compared with the other 4 cities (table 3). 

 
Table 3: Photovoltaic generation of the “Ekó House” in the 

different Brazilian cities.  

___________________________________________ 

     CITY        Orientation     N        E        S        W 

                 (kWh/year)   

___________________________________________ 

 
BELEM      17707 17526 17538  17839 

 NATAL                        17520 18698 17210  16281 

BRASILIA    18613 18005 17217  17934 

 SAO PAULO    17278 16634 15218  15982 

 CURITIBA    16002 15435 14233  14896 

FLORIANOPOLIS  13856 13082 12177  13031  

__________________________________________ 

 

 

Energy balance 

The results concerning the energy balance of the house 

are the outcome given by the difference between the 

energy produced and the energy consumed. It is evident, 

therefore, that where the production of photovoltaic 

energy was higher and the consumption lower, then a 

better energy balance was obtained. In general, the 

northern and eastern orientations gave the best results in 

almost all cities. Data show different characteristics for 

the cities of Belem and Natal only. 

Overall, the best energy balance was registered in the 

city of Brasilia, while the worst one was in the city of 

Florianópolis. 
 

Table 4: Energy balance of the “Ekó House” n the different 

Brazilian cities.  

___________________________________________ 

     CITY        Orientation     N        E        S        W 

                 (kWh/year)   

___________________________________________ 

 
BELEM       7778  7882  7702   7918 

 NATAL                         7983  9115     7778   6988 

BRASILIA    10578   10250  9487      9997 

 SAO PAULO    10133  9752  8510   9033 

 CURITIBA    9284  9213  8146   8609 

FLORIANOPOLIS  7082  6554  5725      6358  

__________________________________________ 

 

 

CONCLUSION 

The objective of this paper is to demonstrate how "Ekó 

House" designed for the city of Madrid shows different 

behaviours, if placed in Brazil. 

Looking deeper at the results collected, the first striking 

aspect is how the house has a better performance in 

Madrid than in any other Brazilian city analyzed. 

The city of Brasilia is the only one able to achieve a 

performance closer to the one achieved by “Ekó House” 

in Madrid.  

Looking at the performance of the house in other 

Brazilian cities, it is possible to notice that in hot 

climates (Belem and Natal) consumptions are very high 

due to high amount of energy requested for cooling the 

House; in a more temperate climate (Curitiba, 

Florianopolis) consumptions are relatively lower. 

It is interesting to analyse the production of photovoltaic 

energy: as previously mentioned, the energy/power 

produced by the house is higher in the cities of Brasilia 

and Natal, as according to the map of solar power 

generation. The production of energy is much lower in 

the cities of Florianopolis and Curitiba. These data show 

that the partition of land in the Brazilian climatic zones 

does not correspond with the production of photovoltaic 

energy. This is evident in the cities of Sao Paulo and 

Florianopolis. Despite being in the same climatic zone 

(Z3), photovoltaic power generation is much higher in 

the city of Sao Paulo. 
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Simulating the house on different orientations shows that 

the performances of "Ekó House" are better in the eastern 

and northern orientations for the cities of Brasilia, Sao 

Paulo, Curitiba and Florianopolis, while in the cities of 

Belem and Natal there were no major differences 

noticed. This is so because in the city of Brasilia, Sao 

Paulo, Curitiba and Florianopolis the PV generation is 

better with northern orientation and the consumption is 

lower with eastern orientation; in Belem and Natal, the 

total annual consumption and the PV generation, is 

almost equal for all four orientations. 

Summarizing, among the different simulations 

performed, "Ekó House" shows better performances for 

the city of the contest, while it is not so efficient on the 

Brazilian territory. The house is designed for a colder 

and drier climate, as highlighted by the high consumption 

required for cooling the house on the Brazilian territory. 

The same PV production is not as efficient in the various 

Brazilian cities as it is in Madrid, due to the use of the 

same inclination of the panels. 

"Ekó House" is a house that will become a reference 

project for the Brazilian domestic architecture [14], but 

in order to achieve this goal it is necessary to adapt it to 

different Brazilian climatic conditions through design 

changes that improve its performance in different 

climatic zones. 
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