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1. Introduction  

Climate changes becoming more apparent with each passing day and one of the biggest challenges is 

reduce house energy consumption (Eurostat, 2014). So develop high energy efficient buildings that 

allows to assure the interior comfort with low energy consumption. 

To satisfy such needs, efforts in the international community have been making efforts to create building 

methods that effectively reduce energy consumptions in buildings. One off the recognized systems is 

the “Passive House” norm, an international voluntary certification method that support a specific design 

and define a limit to maximum energy per square meter in a year allowed for heating and cooling 

buildings, total consumption whilst maintaining the interior comfort year-round.    

The purpose of this a master’s thesis in civil engineering at Instituto Superior Técnico was to evaluate if 

the possibility International norm “Passive House” being applied in the Portuguese climate, with its 

temperate climate, and the benefits in the overall sustainability of the building.  

 

2. Passive House  

2.1. Building principals  

The standard was created by Austrian physicist, Dr Feist in 1991 (Feist, 2016), by the principle of 

minimizing the energy needed to keep the temperature of a certain space. Habitable spaces can´t be 

closed boxes, air must be renovated, and natural light needs be present, among other requirements, so 

technologies where developed to ensure low energy needs with good comfort conditions. 

Six main principles are presented in Figure 1 and 2, were developed to generate heat by passive sources 

and maintain it (Papadopoulos, 2016). The first one is a continuous layer of isolation, creating and 

thermal envelope throughout every habitable space in the building. The second is using this space as a 

thermal storage by using isolated material with a high thermal energy conservation has batteries to store 

passive energy when it is available, so it can be used later. The sun is our most consistent and abundant 

source of energy. Solar gains must then be used or avoided to promote interior comfort.  

To achieve this proper shading solutions must be dimensioned taking benefit of the angular differences 

the sun has throughout the year. Finally, to minimize heat loss through ventilation high energy efficient 

houses use air heat exchangers that promote heat exchanges between hot exhaust air and cold intake 

air.  

To ensure that no heat is lost throw unwanted ventilation, air tightness throughout every outside surface 

in the building must be achieved, this is especially important in junctions between different construction 
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materials. To achieve all these requirements proper materials must be used, particularly windows that 

must allow solar radiation to pass through them while maintaining high isolation and airtightness. 

 

  

Figure 1 – Building Principles for higher 

efficiency               
Figure 2 – Technologies used in Passive Buildings 

 

2.2. The passive house standard 

Despite these theologies being usually used to produce “Passive houses”, the norm is based not in 

prescriptive building methods but rather in performance criteria that ensure low total primary energy 

consumptions as well as the interior comfort (Passive House Institute, 2015). The main criteria are: 

• Primary energy demand: maximum 120 kWh/m2/year.  

• Space heating/cooling demand: maximum 15 kWh/m2/year or 10 W/m2 for peak demand. 

• Airtightness: maximum 0.6 h-1 @50 Pa in the blower door test.  

• Thermal Comfort: maximum 10% of the hours for over 25 °C 

• Renewable Production of 60 kWh/m2/year of primary energy 

 

3. Case study 

A house (villa) was chosen in the Belas, Sintra because is good example with several measures already 

considered. The building chosen was a house of project Lisbon Green Valley just north of Lisbon, as 

shown in Figures 3 and 4.  

This example was selected as a as stating point because it was projected to be energetically efficient 

from conception and it’s already far superior in this matter than the Portuguese average. The house has 

227,4 m2 of net living space and has five bedrooms and five bathrooms between a main and upper floor. 

There is also a garage in an underground level. 
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          Figure 3 – West façade of the case study                           Figure 4 – East façade of the case study                           

 

The construction details show that there was an effort to minimize heat conduction through outside 

building envelope as ETICS were used in the outside contours of the living space, present in Figure 5 and 

building elements were projected assure an insultation layer as shown in Figure 6. This barrier was also 

created between the main floor pavement and the garage.  

 

 

Figure 5 – constructive detail in plan of the wall isolation                Figure 6 – constructive detail in elevation 

 

The overall thermal resistances of the walls, structural thermal bridges, ceiling and windows are 

approximately 3,0; 2,2; 2,8 and 0,9 m2·°C/W. The equipment chosen to climatize the building was a heat 

pump in junction with solar thermal collectors to gain heat and air conditioner cool the environment. 

 

4. Modelling 

4.1. Assessment model 1  

The first model used the equations of heat and cooling loads of this house proposed by Portuguese 

Agency for Energy (ADENE) in the energy assessment and certification. In spreadsheet model is 

introduced characteristics and areas of the materials that compose every building element in the project.  

Heat gains and losses are then calculated according with the outside stipulated temperatures, total areas 

of outside elements, and solar exposure to the different materials and building occupation. Heat gains 

and losses are also estimated through the amount ventilation predicted. The final energy needs are then 

transformed in primary energy necessities to the efficiency of systems used. Energy used in the heating 
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of water for residential proposes is also calculated according to the building typology and the consequent 

habitants expected. 

Total energy primary energy for the climatization is obtained with the sum of both necessities and the 

subtraction of eventual renewable energy produced. The result of this estimation was 44,5 kWh/m2/year 

for heating and cooling needs.  

 

4.2. Assessment model 2 

The other estimation uses a computer software to model heat gains and losses in all surfaces in the 

project, year-round (a more dynamic analysis). Secondly, ventilation related heat losses, solar gains 

according to the latitude of the location, interior heat generated are also estimated. Finally, an energy 

analysis tool is applied to determine the annual energy consumptions based on the heating and cooling 

system (Kamel e Memari, 2019). To apply this technology the case study was modelled in Revit (2018), 

a BIM software that among other uses can make energy analysis of buildings - Green building studio 

cloud service that uses DOE2 simulation engine (Jangalve et al., 2019). 

The first step of the process was model the architecture of the building in the software, this includes 

every aspect any surface must be design very faithfully elements like walls, ceilings, pavements, doors 

and windows using the architecture tools available in Revit.  

The design must be very precise. Each component must be detailed by all the materials that compose 

it. Specific elements like windows or doors were edited, from existing ones in the software library, to 

have the dimensions, thermal and radiation properties of the existing ones. More detailed pieces such 

as stairs, garage ramps, gates were design as single objects in a specific material. Most materials 

weren’t available in the Revit library, so they were added with all their thermal properties.   

The habitable area was defined by the definition of spaces inside that is going to heated and cooled and 

was defined the type usage. These defined the hours of usage as well has the heat generated by 

activities inside. Natural conditions such as local topography, to define the ground level were recreated 

and the weather files with real data from a nearby station was used to complete the energy model shown 

in Figure 7. 

Besides the final result, some variations to building parameters were also simulated. The total energy 

needed for cooling and heating the building were 62,7 kWh/m2/year, presented in Figure 8. 

 

 

  Figure 7 – Snapshot of the energetic model in Revit                            Figure 8 – Energy analysis Result 
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4.3. Models results comparation 

There is a considerable, but not drastic, difference in the results obtained in both models. The model 1 

seems to produce lower values of energetic needs. The different results between models are justified 

by the divergent approach taken to calculate the same variable. In the first case the model uses a 

prescriptive methodology basing the estimation in previous results. In the computer simulated case the 

calculations are based on the simulation of year-round heat exchanges between the interior and exterior 

of the livable space. 

Contrasting outside climatic factors also come into play. The model uses in Belas a constant temperature 

of 20,1ºC for 4,0 months to interpret summer and 10,1ºC for 5,8 months in winter. In the dynamic model 

a nearby weather station with real annually updated temperatures. 

Besides the comparison between both models the dynamic model was further tested to display its 

capabilities. A simulation with every characteristic of the building being the worst energetic decision and 

another one being the best.  

The results were 329,0 kWh/m2/year and -44,6 kWh/m2/year. These results show how different 

consumptions off the same building can be with only technologies used in construction varying. It’s worth 

knowing that these simulations are calculating heating and cooling needs throughout the year by always 

keeping the house interior in a comfortable temperature and that in the best-case energy production by 

solar photovoltaic panels is being taken in account. 

To better explain what these values mean an economic estimation of what are the costs of keeping at a 

comfortable temperature a poorly, modernly and highly isolated house in a temperate climate, the last 

one being also energy productive. The energy costs per kWh used were 0,22 €/kWh, the price in Portugal 

and 0,2 €/kWh the average price in the European Union (Eurostat, 2018). The results of this study are 

presented in Table 1. 

 

Table 1 – Energetic and economic analysis of different types of wall technologies 

Model 
Energy Necessities Annual Cost Monthly Cost 

kWh/m^2/year kWh/year (PT) € (EU) € (PT) € (EU) € 

Model 1 44,6 10 113 2225 2022 185 116 

Model 2 62,7 14 262 3138 2852 262 238 

Max Dynam -40,8 -9 281 -2041 -1856 -170 -155 

Min Dynam 329,0 74 837 16 464 14 968 1372 1247 

 

5. Economic analysis  

These dynamic simulations after the model is complete allow not only get a value for the expected 

energetic needs of the building but also, test a large number of alternative solutions with the associated 

outcomes (Jrade, 2014). 

Once the simulations were done all the solutions, proposed in the dynamic model, and respective costs 

were compiled into an economic analysis of each constructive possibility and compared with the 

solutions used in the case study as it was built. To evaluate the impact of each building alternative has, 

the final energy demands after each variation were registered, keeping all other parameters as they 
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were originally modelled. The analysis of the different wall technologies simulated are presented in the 

Table 2. 

Table 2 – Energetic and economic analysis of different types of wall technologies 

Walls 
Performance 

Total 
Difference 

Financial 
Analysis 

Cost Payback 

kWh/m2/year kWh/year €/year € years 

Uninsulated 74,4 2661,4 585,5 8 972 11,8 

R2Cinder 
Blocks 

69,8 1615,0 355,3 9 629 17,7 

R13 Metal 
Panels 

68,1 1228,3 270,2 14 160 6,4 

R13 Wooden 
Panes 

65,1 545,9 120,1 16 048 - 

BIM 62,7 0,0 0,0 15 901 - 

R10+R13 
Metal 

62,1 -136,5 -30,0 18 503 86,6 

R22 ICF 
blocks 

60,8 -432,2 -95,1 16 501 6,3 

SIP Panels 60,7 -454,9 -100,1 22 830 69,2 

R38 Wood 60,6 -477,7 -105,1 45 245 279,2 

 

The same analysis was made for: Building orientation with 8 possibilities, walls and ceilings 

technologies, ventilation quantities, house sensors and controllers, HVAC systems and finally windows, 

different lengths of shadings and window to wall ratios in the four major directions. In general, the 

solutions chosen in the case study have payback times with in 20 years of the cheaper alternatives, but 

there are also some more expensive solutions that have payback times within 10 years that could be 

good investments.  

  

6. Discussion of results 

6.1. Is the Passive House certification reached? 

For a building be classified as a passive house must fulfill the four criteria presented in point 2. The 

dynamic model (model 2) was used to test these options, progressively optimizing the energy efficiency 

of the building so the different criteria were reached. 

The first criteria achieved was the 120 kWh/m2/year of primary energy used for all usages in the building. 

To test this hypothesis a plug-load was calculated from the household appliances, and their respective 

energy efficient, expected to be in a house with this typology. The value of this parameter was 24,4 

kWh/m2/year therefore the final energy used annually by the building was estimated to be 87,9 

kWh/m2/year, which results in 126,58 kWh/m2/year of primary energy. To reduce this number to a value 

below the certification limit the measures used were the rotation of the building from west to south and 

the installation shadings in the south facing windows. This reduction in energy consumption of 10,8 

kWh/m2/year resulting in a primary energy consumption of 111,0 10,8 kWh/m2/year. 

The second criteria that needs to be matched is 15 kWh/m2/year for heating or cooling necessities. The 

value estimation made by the Revit energy analysis is 62,7 kWh/m2/year. To reduce this value house 

direction, window shadings, HVAC system, house sensors and controllers, walls and ceilings (the last 

two with little effect) were all set to the most energy effective solution possible. The annually heating and 
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cooling loads reached a minimum of 37,5 kWh/m2/year. The major cause of lower values being 

unobtainable is the impossibility of simulating air heat exchangers to achieve a more efficient ventilation.  

The third criteria are a result of 0.6 air renovations per hour in the blower door test at a positive and 

negative pressure of 50 pascals. This result is unachievable because the minimum ventilation required 

in households by the Portuguese legislation is 0.4 air renovations at regular air pressure. As there are no 

controlled ventilation options possible in this software, the mechanisms that would ensure the minimum 

regulatory ventilation naturally would most certainly fail the passive house criteria. 

The last criteria are the maximum of 10% of the time at a temperature over 25ºC. This limit is over 

satisfied since this simulation doesn’t predict any time where the building is not properly climatized. 

The criteria introduced in 2015 version of passive house that includes the of energy production was also 

satisfied. Using the dynamic model (model 2), a percentage of roof area was calculated to supply part of 

consumption of primary energy in 60 kWh/m2/year, this value was then confirmed through a projected 

output calculation of 20 320 W solar panels with an annual output of 37,8 kWh/m2/year. 

 

6.2. Location implications 

To analyze the implications of the location variation in the energy necessities for heating and cooling a 

building the location of the energetic model was changed to four more locations within continental 

Portugal that have the widest spectrum of climate conditions possible (Table 3).  

The locations were chosen to have the most extreme heating and cooling seasons (figure 9) according 

to the Portuguese Meteorology Institute, where from 1 to 3 degrees of severities rise for winter and 

summer (Ferreira e Pinheiro, 2011). The annual energetic final consumptions in the four locations are 

estimated (Table 4). 

 

Table 3 – Winter and Summer severities in the locations used  

Location Belas Lagos Serpa Montalegre Alijó 

Summer  1 1 3 1 3 

Winter 1 1 1 3 3 

 

Table 4 – Annual energetic final consumptions in the locations used 

Figure 9 – climatic zones in Portugal                      
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This great variation in coolder climates and small variation in hotter ones, shows that this building 

performs better in more cooling demanding climates because the variation between the analysis in Belas 

and Serpa, where temperatures are much higher in the summer, is 3,1 kWh/m2/year. In a heating 

demanding climate the annual energy needed ascends to a three times higher value shows that different 

options of construction technologies show be used. 

 

6.3. Sustainability contribution 

To quantify the implications in a building’s sustainability of the energetic efficiency the LiderA, a 

sustainability certification tool, was used (Pinheiro, 2019; Ferreira e Pinheiro, 2014). Three “Resources” 

and two “Environment Management” programmatic areas are related with energy.    

The proposal improvements allow the LiderA global classification increased from E (that is the standard 

average case of the Portuguese Building Stock) to B that is an increase of 25 % from usual practice. 

With the classification of A in the LiderA being achieved in the case the Passive House energy criteria 

were all fulfilled. 

 

6.4. Opportunities and limitations 

Some promising opportunities emerge from the use of BIM software in the energetic analysis of 

buildings. The first one being the possibility of the integration of several construction projects being 

integrated in one document, resolving overlapping issues and errors, and producing more accurate 

results. Secondly, this method of calculating energy demands is or will be more accurate than traditional 

methods because the methodology is more realistic than prescriptive calculations. Finally, the possibility 

of generating with ease the energy savings or costs several constructive solutions have, adapted to an 

individual model, is an essential tool to the future of building projection. 

However, some issues present difficulties to this approach that need to be resolved. The first one is the 

steep learning curve to use this type of technology. The drawing tools in Revit can be used as an 

architecture design program, which makes them very capable, but difficult to create an energy model 

that is realistic. The second remark would be the lack of calibration the software has for more atypical 

buildings. The software isn’t prepared to simulate very low consumption buildings, as the “Passive 

House” certification requires.  

Although the program is useful to calculate energy lost or gained by transmission from exterior to the 

interior, energy exchanged to through ventilation doesn’t seem to have solutions to be controlled, which 

has a high influential in reducing energy demands to such low numbers, once the thermal isolation is 

appropriate.  

The final limitation would be the lack of control on how certain elements are being calculated. Among 

other parameters, the production of energy through solar photovoltaic panels should be varied by 

individual number of panels and not by roof area percentage.  
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7. Conclusions and future work 

The main goal of this thesis was to evaluate the viability of an existing house in Belas, Sintra comply with 

high demanding energetic criteria of the “Passive House” norm. For this purpose, is used Revit as a tool 

for the model, link to energy model analysis, create scenarios to evaluating the solutions and discuss the 

consequent impacts in the building sustainability.  

The energy analysis capabilities of the BIM software were tested by comparing the existing case study 

energy performance in this model and the in the model developed by the for the Portuguese energy 

certification of scheme. The results were different but within a reasonable interval considering the 

difference approaches and data used in both cases. To test the limits of the BIM simulation, maximum 

and minimum cases of energetic performance were also tested. 

To reach the different criteria of the “Passive House” several building technologies were simulated 

varying parameters in the dynamic model created in the software. The criteria of total primary energy 

consumption, of 120 kWh/m2/year and 60 kWh/m2/year of renewable demand were reached. The 15 

kWh/m2/year for heating or cooling needs were unobtainable majorly because of lack of options in the 

software parameters to simulate heat exchangers in the ventilation system, an essential technology to 

achieve such low energetic needs, even in temperate climates. 

The inside temperature is set to cooled or heated year-round, so the 10% of the time above 25º Celsius 

was also met. The air tightness requirement of passing a blower door test of 0.6 air renovations per hour 

at 60 Pascals was also impossible to simulate but the incapability of adding controlled ventilation to the 

software predicts that the criteria won’t be satisfied. 

To better understand the viability of sum of these solutions an economic analysis of all the options for 

the different parameters of building technology was develop. Most options had reasonable payback 

times, but some had payback times under 10 years, which make them a great investment. This analysis 

shows the potentialities of a dynamic analysis, that not only shows the estimate of energetic necessities 

but also simulates a variety of other possibilities.  

These results indicate that although these types of simulation are improving the quality of their results, 

the software is not yet calibrated for cases of such high energy efficient buildings and be increasingly 

developed. Other limitations these programs still have is the high work load and imply a learning curve 

needed to use this technology just to calculate energy needs. The opposite is true if the BIM software 

was already used to solve other aspects of the building project, in this case the same model can be used 

for several uses including the energy analysis. 

The sustainability impacts were then quantified by LiderA, the Portuguese sustainable assessment 

system (Pinheiro, 2019). The level obtained by just changing the parameters related with the measures 

used to improve the energetic performance of the building. The final global level obtained was a class B 

and would be A if the building would have achieved all criteria of the “Passive House”. 
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Recommended future work following this thesis: 

• Use other energy analysis tools, such has Energy Plus or a more recent version of Revit, would 

be to evaluate the same building; 

• Comparison between various buildings energetic needs, varying between building types and use, 

using model 1 and model 2 (dynamic model);  

• A year-round monitoring of the building used in the case study to confirm the results reached in 

this thesis; 

• Development of project guidelines, for the several climates in Portugal, for low energy 

consumption buildings. 
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