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Building sector is a major consumer in a society 

and the implications to economic, social and 

environmental issues regarding the energy consumption 

are very important. Facing high prices for heating the 

housing sector, a challenging task is to change the way 

of today building by designing and promoting energy 

efficient constructions in a cost effective and 

environmentally responsive direction. Almost half of 

the national energy consumption is in buildings, reason 

why the importance of passive design is strongly 

needed. Minimizing the energy consumption is possible 

with strong passive sustainable design, using local 

materials and specific climate data. When judging the 

costs of a new settlement, some 30% up to 50% is 

related to HVAC systems in case of commercial 

buildings, and 5% up to 10% in case of domestic 

buildings [1]. The potential for energy savings in the 

building sector is large: the primary potential is in the 

reduction in the use of HVAC systems since more than 

60% of the building energy consumption is used to 

condition the indoor environment [1]. It is generally 

accepted that buildings can be designed to be energy 

effective if their thermal insulation is increased, 

window size and lighting level decreased, shading 

devices properly installed and heating and cooling 

systems adequately designed, installed and maintained 

[1]. These energy savings features must be considered 

with reference to numerous constrains, such as added 

costs for materials, construction and maintenance, 

conformance to local building codes, occupancy life 

styles, aesthetics, construction practices and availability 

of equipment [2], [3]. Passive Houses are buildings 

with a very low service energy demand [4]. The total 

primary energy demand of certified domestic European 

Passive Houses may not exceed 120kWh/m
2
 per year 

(103,200 Kcal/m
2 

per year) for heating and cooling, hot 

water production and household energy consumption 

[4]. Furthermore the maximum heating and cooling 

load is minimized to a value of 10W/m
2
 which allows 

the passive tempering of such buildings (hence the term 

passive is used) [4]. The average energy demand for the 

tempering of Passive House is approximately only 10 

percent of the existing building stock in Germany and 

Romania. Hence they contribute significantly to the 

reduction of  fossil energy consumption and the related 

green house gas emissions [4]. Passive building design 

can be described as the utilization of the sun’s energy 

together with the characteristics of a local climate and 
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materials of the building, to directly maintain thermally 

comfortable conditions within built-environment, while 

minimizing the energy consumption[5]. This should 

include sufficient ‘tuned’ thermal mass corresponding 

to the insulation and window design [5]. Further, 

analysis of whole building permits ‘right’ sizing of 

building features, which can be implemented by 

placements of highest efficient external systems like 

windows and doors for effective utilization of natural 

day-lighting and ventilation. [5], [6], [7] 

;�����
����	��

Energy simulation software are useful tools for 

designing buildings in this century. They provide 

significant contribution dealing with climate mitigation 

and adaptation in regard to energy responsible planning. 

Architects should use energy simulation tools for 

dealing with better support by decision-making and 

energetically optimization in building design [8]. 

For designing a low-energy buildings and 

passive houses in practice there is need for a tool that:  

• is relatively easy to use and understand (for 

entire project team);  

• is relatively and conservatively accurate 

concerning the annual heating demand and 

heating load despite the simplifications in 

methodology; 

• has been proved to provide accuracy in 

comparison with real world buildings; 

• takes into account all the details that are 

important when dealing with very low energy houses 

and passive houses (thermal bridges, window 

fragmentation, thermal mass etc.);  

As an example, one possible simplified software 

package that addresses those issues has been compiled 

for passive houses and is called PHPP (Passive House 

Planning Package). PHPP2007 is primary validation 

and certification tool for Quality Approved Passive 

Houses. It utilizes ISO 13790 annual and monthly 

energy balance method and is calibrated for low-energy 

building requirements through comparison with detailed 

dynamic simulations and real life measurements. It 

relies heavily on other related European standards (ISO 

13370, ISO 6946, ISO 13789, ISO 10077-1, ISO 

10077-2, ISO 10211-2 etc). PHPP does not cover all the 

aspects of building modelling and optimization 

(especially in the case of non-residential buildings), for 

example daylight optimization, detailed HVAC 

scheduling, zoned cooling etc. Very important part of 

modelling quality is input data. If these involve a lot of 

uncertainty then the simulated results can deviate 

greatly from reality. So the input data has to be handled 

carefully and specified as accurately as possible. We 

have three large groups of input data: environmental 

conditions (weather data), geometric and physical 

properties of the building and involved material layers 

in very great detail and user behaviour data (free heat, 

equipment usage etc) along with scheduling info about 

HVAC system [9], [10], [11], [12]. 

=�����������������������

Weather data analyses should be the primary step 

for any energy efficient building or passive building 

design [13]. The analyses can provide important guides 

for building energy systems design and renewable 

energy system selections [13]. Usually weather datasets 

based on long-time measurements are used 

(representing average conditions). These can be directly 

measured yearly data (a real year statistically closest to 

average conditions) or constructed for example from 

different monthly measured datasets (statistically best 

matched months summed to form a typical year) [12].  

In Europe on should rely on statistically proven 

national datasets or datasets which have been 

constructed following the methods described in 

European standard ISO 15927-4. If no measured data 

for certain location exists then there is a possibility to 

use interpolated data generated from multiple closest 

measured datasets.  

Computer programs like Meteonorm (by 

Meteotest) can be used for that kind of interpolation 

purposes. Interpolated data has to be always used with 

caution. The simplified calculation use average monthly 

data derived from those hourly datasets [12].  

In this study, simulations where done for the four 

different climatic regions in Romania (conventional 

temperatures used in computing the heating demand: -

12°C, -15°C, -18°C, -21°C) for the city of Constanta, 

Oradea (Craiova), Cluj Napoca and Suceava. 
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Fig.1 Climate data for Constanta- 1
st
 climatic zone 

 

Fig.2 Climate data for Oradea- 2
nd

 climatic zone 
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Fig.3 Climate data for Cluj Napoca- 3
rd

 climatic zone 

 

Fig.4 Climate data for Suceava- 4
th

 climatic zone

 

>����������4
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Facade design studies, undertaking the manipulation of 

facade details, can be effective in determining their 

relationship with heating and cooling loads of a 

building as well as the associated indoor thermal 

environment [13]. In Fig. 5, the�building model used for 

the facade design studies in PHPP, is shown, as well as 

the construction properties for the house are listed in 

Table 1. These reflect typical practice in Romanian 

domestic mass housing market. 
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Fig.5. PHPP model for domestic house in Romania 

In this study we analyzed various parameters 

including U values of external walls, window to wall 

ratios (WWR), and orientations (indicated by large 

area window facing orientation). Four different U 

values of external wall: 0.1 W/m
2
K, 0.2 W/m

2
K, 0.3  

 

 

W/m
2
K, 0.4 W/m

2
K are employed to analyze heating 

loads for the residential house [13]. The orientation 

of the main facade is another important element to 

determine energy consumption of the building. Four 

orientations N, W, E, S have been examined in this 

study. 

Table 1.  

Building construction materials 

Building Elements Material U value 

External wall Concrete block and brick 0.78 W/m
2
K 

Glazing Double glazing 1.2 W/m
2
K 

Floor slab Concrete slab and sound insulation 2.3 W/m
2
K 

Roof construction Concrete tiles, mineral wool 0.6 W/m
2
K 

 

In the simulation, the heating setpoint is 20°C 

and cooling setpoint is 25°C. Single setpoint controls 

are used for heating and cooling. Heating is made 

available from November to March, and cooling from 

April to October. For the best facade design, the 

energy consumption of the house is taken as the 

criteria. In Fig. 2, the results of cooling and heating 

loads with the difference in U value for WWR = 0.1, 

south orientation are illustrated. The simulation 

results indicate that with the increase of U values of 

external wall, cooling loads decrease while heating 

loads increase [13]. The insulation double-edged 

effects on HVAC loads is the point of supply. 

Insulation, on the one hand, promotes the ability of a 

building to retain heat during the heating seasons; on 

the other hand it prevents the release of unwanted 

heat through the building envelope during the cooling 

seasons [13]. As shown in Fig. 6 the total energy 

consumption is reduced with the increase of thermal 

insulation. When the U value of the external wall is 

equal to 0.1 W/m
2
K, the lowest heating loads and 

total energy consumption are predicted [13].  

Thermal insulation of a building envelope 

offers a major contribution toward enhanced energy 

efficiency. Placement, type, and thickness of the 

insulation material are three major factors with 

respect to insulating the building envelope. 

Simulations are run with many variations of 
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thickness, the type and placement of the insulation 

material.  

External wall: There are thermal and practical 

considerations for insulation: For instance, insulation 

placement on the outside of the external walls. 

Furthermore, polystyrene boards have been chosen as 

material according their wide usage in Romania. 

According to the simulation results, EPS boards with 

0.38 W/mK have good energetic performance in the 

region as well. Different combinations of the 

placement and thickness (between 10-30 cm) have 

been simulated.  

Roof insulation: Roof insulation is one of the 

most important criteria in regard to energy 

consumption of a building, because this surface is 

exposed through greatest direct solar radiation. 

Mineral wool as insulating material, installed 

in different layers of the roof has been simulated with 

20 to 40 cm thickness. According to the simulation 

results, 40 cm mineral wool installed under the 

accessible surface of the roof has the best 

performance on heating load [8]. 

Floor slab insulation: Floor slab insulation is also a 

very important criterion in regard to energy 

consumption of a building in Romanian climate. XPS 

boards have been chosen as material. Different 

combinations of thickness (between 8-30 cm) have 

been simulated.

 

 

 

 

 

Fig.6. Insulation thickness for domestic house in Romania 

 

Windows quality and energy performance. 

The heat losses and gains of the windows have got a 

great impact on the energy balance of a low-energy 

and passive house. Therefore they have to be 

calculated very carefully. The U-value of the window 

is calculated using the quality of the glazing, the 

frame, the spacer and the installation. Basic 

characteristics of highly efficient (or super-insulated) 

windows are: triple glazing with two low-e-coatings 

(or another combination of panes giving a 

comparable low heat loss), “warm edge”- spacers in 

glazing units (e.g. swisspacer etc.) and super-
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insulated frames with Uf-values between 0,7 to 1,0 

W/(m
2
K). The thermal loss coefficients, Uw, of the 

whole window (including losses from glazing, frame 

and spacer effects) suitable for a standard like passive 

house is typically approx. 0,8 W/(m
2
K) or lower. For 

achieving this kind of thermal quality the inner and 

outer sides of window frames have to be thermally 

separated and the thermal properties have to be 

optimized through finite- element calculations 

(according to European standards EN ISO 10077-1 

and EN ISO 10077-2). This enables accurate product 

description and therefore coupling with building 

energy modelling allowing precise variant 

calculations. 

Low heat losses through the window will 

cause a further benefit that the interior surface 

temperature of a window, even in cold winter nights, 

will be only few degrees lower than indoor air 

temperature. This results in good thermal comfort 

even near the window [12] 

Up to this point, the requirements of 

minimizing the energy consumption has been 

identified through the optimum passive design. 

 The ameliorate construction properties for the 

building are listed in Table 2. 

 

  

Table 2. 

Optimum passive house design 

Building Elements Material U value 

External wall Concrete block and brick 0.1 W/m
2
K 

Glazing Triple glazing 0.7 W/m
2
K 

Floor slab Concrete slab, thermal insulation, 

thermal bridge free 

0.13 W/m
2
K 

Roof construction Concrete tiles, mineral wool, thermal 

bridge free construction 

0.1 W/m
2
K 

?���	��
��	��

To design an energy efficient building, 

previously mentioned aspects have to be taken into 

account throughout entire project and building 

process. Just a simple adapting to those aspects do 

not assure reaching the passive house or low-energy 

standard – the heat losses, energy use and indoor 

climate has to be calculated/simulated (predicted) 

from the start to enable the optimization and 

therefore economically feasible solutions to increase 

energy efficiency [12]. The whole design process can 

be summarized into two steps. Firstly, an analysis of 

local climate data is of primary importance in order 

to make use of the local climate condition for 

promoting passive homes [13]. Secondly, the 

application of passive design methods and advanced 

facade designs to minimize the load requirement 

from heating and cooling through building energy 

simulations [13]. 
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