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Abstract 
 

In our team, we have considered this report as the way for learning and understanding what is 

integrated energy design. 

The report consists of three main chapters: 

1) Project goals 

2) Team work process 

3) Design process:  

i. Regulations 

ii. Model simulation: original model, modified model 

4) Conclusion 
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1. Introduction 
ZE+hytte is an energy efficient house designed for SDE 2012. It is designed as a residential 

building for two people. The building consists of 64.8m2 heated floor area; sunspace (buffer 

zone) facing south and technical room. And the total area is estimated be approximately 74m2.   

The analysis task of the project will be analysis by four steps: 

 Regulation study 

 Setting up energy targets 

 Original project analysis 

 Simulations for improving the performance 

 Analysis of the performance 

 Suggestions for follow up 

 

2. Project goals 
The house will be designed according to the Norwegian passive house standard. The design of 

the house should reduce the heating load as much as possible. 

 

3. Team work 
The group of three engineering students from the Klimax course and four students from the 

Integrated energy design course cooperated in order to improve the performance of the building 

during the conceptual stage of the design process. The cooperation process began with series 

of discussions during which the concept of the project and its main parameters were introduced 

in the team. 

Team work process: 

Energy target           Analysis of the original design (engineer / architect)           Communication 

(engineer + architect)           Engineer simulation with suggestions           Architects analysis of 

the model (1)          Engineer energy budget          Architect analysis (2), poor architectural 

(comfort) design from the architect point view           Engineer suggestions (e.g.: improving 

building envelope)          Future work (simulation with better performance of building envelope in 

order to improve both energy performance and architectural quality)                     

  

Circulation process

 
 Architectura

Repeat team working process 
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4. Design process 

4.1 Regulations 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Regulations from SDE and Norwegian standard 

Trondheim: 19-21°C 

Madrid: 22-24° 

Table 2: Insulation requirements 
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4.2 Original Design 

4.2.1 Energy calculation 

Heated floor area: 64.8 m2  

Window area: 26.7 m2  

Windows area:42.6 % of heated floor area  

Window location: west, east, north, skylights 

Buffer zone: sunsapce facing sunsapce facing south (windows) 

Comfort boundary:  

RH: 40-60% 

Comfort temperature: 19-21ºC (Trondheim); 22-24 ºC  (Madrid) 

Lighting level: 500 lux 

Internal gain: 3.2 W/m2  

Occupancy: 16/07/52  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

  

Figure 1: Original model 

Figure 2: Trondheim location 
heating/cooling load 

Figure 3: Madrid location 
heating/cooling load 
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Energibudsjett
Energipost Energibehov Spesifikt energibehov

1a Romoppvarming 1579 kWh 21,1 kWh/m²

1b Ventilasjonsvarme (varmebatterier) 129 kWh 1,7 kWh/m²

2   Varmtvann (tappevann) 3349 kWh 44,7 kWh/m²

3a Vifter 329 kWh 4,4 kWh/m²

3b Pumper 710 kWh 9,5 kWh/m²

4   Belysning 876 kWh 11,7 kWh/m²

5   Teknisk utstyr 1314 kWh 17,5 kWh/m²

6a Romkjøling 10039 kWh 133,9 kWh/m²

6b Ventilasjonskjøling (kjølebatterier) 39 kWh 0,5 kWh/m²

Totalt netto energibehov, sum 1-6 18364 kWh 244,8 kWh/m²

Heating load in Trondheim is 37.6kWh/m2a. In Madrid, the heating load is 20.4kWh/m2a.  

 

For heating purpose the engineer get figure of 22.7kWh/m2 a. Total energy is 244.8kWh/ m2 a. It 

is different than the figure architect got.  

 

Mismatch reasons: 

 The U-values we have used are different from the ones used by engineers 

 Operation schedules are different 

 

4.2.2 Daylight 

 

Average daylight factor 13.2%. Luminance is quite even in side the room, between approx. 200-

300lux. 

 

 

 

 

 

 

 

 

 

 

 

We will put focus on optimizing the window size and location design. And in Ecotect, analysis of 

hourly temperature, the programme could not recognize the south window. So we decided to try 

the model without sunspace on the south position. 

  

Figure 4: Energy budget for the original solution from Engineer  

Figure 6: Daylight factor average. Figure 5: Illuminous (Lux) 
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4.3 Modified 

4.3.1 Energy calculation 

After the analysis of the original model, the engineer suggestion us to reduce the window sizes 

to 7-15m2. 

Window location: south, west and skylights 

Window sizes (12% of heated floor area):  

South window: 6.4 m
2; west window: 1 m

2; skylight: 1 m
2
. 

Comfort boundary:  

RH: 40-60% 

Comfort temperature: 19-21ºC (Trondheim); 22-24 ºC  (Madrid) 

Lighting level: 500 lux 

Internal gain: 3.2 W/m2  

Occupancy: 16/07/52  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Modified model 

Figure 8: Trondheim 
heating/cooling loads 

Figure 9: Madrid 
heating/cooling loads 
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Energibudsjett
Energipost Energibehov Spesifikt energibehov

1a Romoppvarming 570 kWh 7,6 kWh/m²

1b Ventilasjonsvarme (varmebatterier) 99 kWh 1,3 kWh/m²

2   Varmtvann (tappevann) 3349 kWh 44,7 kWh/m²

3a Vifter 329 kWh 4,4 kWh/m²

3b Pumper 187 kWh 2,5 kWh/m²

4   Belysning 876 kWh 11,7 kWh/m²

5   Teknisk utstyr 1314 kWh 17,5 kWh/m²

6a Romkjøling 732 kWh 9,8 kWh/m²

6b Ventilasjonskjøling (kjølebatterier) 39 kWh 0,5 kWh/m²

Totalt netto energibehov, sum 1-6 7495 kWh 99,9 kWh/m²

 

Heating load for Trondheim is 27kWh/m
2
a. According to the Norwegian passive house standard, we 

should achieve 27kWh/m
2
a. 

 

 

 

 

 

 

 

 

 

In comparison  with the data from the engineers , the General difference: Heating/cooling demand. Which 

is due  to the reduction of the window area to 12% of heated floor area. And they also use better U-value 

in this case: 

Wall: 0.12; Roof: 0.08; Floor: 0.08; Windows: 0.5 

4.3.2 Daylight 
 

But on the other hand, as can be seen from the analysis the reduction of the glazed area resulted in 

uneven distribution and low day light levels for both Trondheim and Madrid, with the effect being even 

Figure 10: Norwegian passive house requirement 

Figure 11: Energy budget from engineer 
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more pronounced in Trondheim. This is one of the conflicts between fulfilling energy demand and 

architectural quality (comfort). 

 

 

 

 

 

 

Possible error: 

We also found out that there could be an error during the simulation of the model in Ecotect from the 

beginning. After we set up the operation schedule, we found out that the during few winter days, when the 

thermal zone is not in the comfort band, the temperature will be lower than 0°C. We did not take this fact 

into consideration  at the beginning, so the result might be that we have an increased heating load. We 

think this is the main reason for the mismatch of the  heating loads from Ecotect simulation with the 

engineers calculation. 

 

4.4 Renewable energy supply 
 

The PV-panels covers 50 m
2 
of the roof and is assumed to cover the annual electricity demand. The area 

of the solar collector equals about 5 m
2
. When situated in Norway this is estimated to cover two thirds of 

the draw water, and the value will be even higher when situated in Madrid. Air to water heat pump is 

chosen to cover the rest.  

5. Conclusion 

The window size is reduced to 12%. This is done both to satisfy the demand in TEK10, and will strongly 

affect both the demand for cooling and heating in the building in positive direction. 

The U-values is reduced in the roof, floor, walls and windows. This combined with the reduction of 

window-size nearly eliminates both heating and cooling demand, leaving only about 600 kWh needed 

for heating. This is a small amount throughout the whole year, and is assumed to be covered by the 

solar collector on the roof. The small cooling demand is also neglected. A simulation of the building with 

opened windows shows a cooling demand of zero kWh/year, and therefore tells us that with a user that 

open the windows when needed don’t have use of air condition.  

The entire energy consumption of the building over a year is simulated to be about 7495kWh, and with 

our assumption of use of passive ventilation, solar shading and solar capture, the consumption will be 

about 4600 kWh. 

Figure 12: Madrid location luminance  Figure 13: Trondheim location luminance 
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In order to produce the amount of electricity the cabin is using through the year, it is necessary to install 

about 46 m2 solar panels. If we want the cabin to be an Energy+ building, it is recommended to install 50 

m2 solar panels, and 5 m2 of solar collectors. 

Opposed to the Trondheim climate, the Madrid climate will demand more cooling and less heating. 

However, as climate data on this was unavailable, we have not been able to quantify this. 

 

Further challenges can be looking at actual technical solutions, including distribution systems, demand-

regulating technical equipment and lighting. Combining heat sources such as surplus solar heat with the 

heat pump can create better system efficiencies. Installing transparent solar cells in window shadings 

can provide more energy.  

 

All this has to be measured against a satisfying indoor climate, which is the sole foundation for living 

inside a house. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


