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The advantages of wood in  
positive-energy construction 

1. Introduction 

The domain of energy consumption is witnessing a worldwide trend whose aim is to  

reduce primary energy consumption and greenhouse gas emissions, particularly those of 

CO2.Construction is, besides the fields of transport and industry, one of the main users of 

the prime energy from fossil sources, which makes this sector highly responsible for the 

implementation of climate-environmental policies. Buildings are responsible approxi-

mately for 35% to 40% of CO2 emissions and are thus closely linked to climate changes 

(Vine [1]). However, it is important to set out that residential buildings forming 70% of 

the total buildings’ surface consume and are responsible for 63% of the total energy de-

mand required to satisfy the demands of the hosing stock (Itard and Meijer [2]). A major 

part of the energy in EU residential buildings is used for heating (67%), the rest for elec-

tricity (lighting, cooking, operation of the electricity users) and sanitary hot water. The 

reason for high energy consumption lies in the age of the buildings and their very high 

thermal transmissions through the building envelope.  

The fields of architecture and construction still offer numerous possibilities of reaching 

the goals set by directives on energy efficiency in buildings. Looking for alternative, eco-

friendly solutions in residential and public building construction remains our most vital 

task, whose holistic problem solving requires knowledge integration. The main goals in 

the past was mostly focused in energy efficiency of new buildings, however the new 

buildings add annually only 1% or less to the existing stock [3], the other 99% of build-

ings are already built and produce about 24% of the energy-use induced carbon emis-

sions. About 2/3 of the existing buildings are over 30 years old and about 40% are older 

than 50 years, [3].  According to 2004 EU statistics, more than 50% of the housing stock 

in EU-25 was built prior to 1970, with a share of 33% dating from the 1970-1990 period 

[3]-[5]. This is an important observation given that most national building regulations 

that mandate thermal properties of building envelopes were introduced after year 1970 

[6], therefore the buildings built until 1970 were mostly without any thermal insulation 

and with a very high thermal transmittance of the envelope. 

Gross energy use in Slovenia, as stated in EU energy and transport in figures, is divided 

into three sectors. Transport, the biggest energy consumer (40%) is followed by build-

ings (36%) in the second place and by industry (24%) in the third. According to the 2009 

data issued by the Statistical Office of the Republic of Slovenia, the largest share of the 

energy consumed in households was taken by heating (65.7%), followed by hot water 

supply (15.9%), with the remaining part (18.4%) used for lighting, cooking and opera-

tion of other electricity users, [8].The current state of the housing stock in Slovenia is 

partly a consequence of frequent changes in the legislation in the past. A considerable 

number of legislative modifications on energy efficiency in buildings have been adopted 

since 1970 when the first Slovenian regulation on thermal insulation in construction en-

tered into force, which is nevertheless 18 years later as compared to Germany where 

DIN 4108 came into effect back in 1952 [9].Until 1984, the focus was only on thermal 

transmittance of the building envelope with first demands, fairly minimal in comparison 

to the existing ones, referring to the energy use for heating in buildings being introduced 

only after that year. As seen in Table 1, 97% of the multi-family buildings in Slovenia 

prove to be energy-inefficient. In 2002, 2008 and 2010, three regulations on energy effi-

ciency in buildings introducing progressively stricter demands were adopted.  
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Table 1: Energy use in the building and thermal transmittance of the external wall according to the year of 

construction, [10]. 

Year of construction  1965 1968 1970 1977 1980 1987 1995 2000 2002 2008 2010 

Multi-family buildings 
(kWh/m2a) 

180 170 130 130 100 100 90 70 / / / 

U of the external wall 
(W/m2K) 

1,29 1,29 1,29 
1,28 
1,45 
1,68 

1,28 
1,45 
1,68 

1,22 
0,93 
0,93 

1,20 
0,90 
0,80 

1,20 
0,90 
0,80 

0,60 0,28 0,28 

According to the given facts it is mandatory to use in the contemporary buildings the ma-

terials which are eco-friendly and in the same time satisfy also the main conditions of the 

living comfort. Table 2 presents the grey energy consumption, also called LCA or a “cra-

dle-to-grave analysis”, of a selection of most frequently used building materials and their 

end-product elements. As the density of the materials varies, the values of the energy 

consumption per kg and m3 are given separately. 

Table 2: Grey energy consumption for various building materials. 

Building material Grey energy [MJ/kg] Grey energy [MJ/m3] 

  Aluminium    191 – 227   517.185 – 611.224 

  Aluminium - recycled   8,1 – 42,9   24.397 

  Steel   31,3 – 74,8   245.757 – 613.535 

  Cement   5,2 – 7,8   12.005 – 12.594 

  Brick   2,5 – 7,2   5.310 – 14.885 

  Glass   15,9   40.039 

  Insulation - polystyrene   117   1.401 

  Timber   0,3 – 1,6   165 - 638 

  Wood-based boards (MDF, OSB) 8,0 – 11,9   5.720- 5.694 

It is evident from the data above that the grey energy consumption in producing 1 kg  

of the timber element is the lowest of all, having a value nearly 5-times lower than that 

of brick, 6-times lower than in the case of cement and approximately 50-times lower in 

comparison to steel. It is also interesting to compare the data for CO2 emissions assessed 

in the production of 1 m2 of timber wall elements on the one hand and the same size of 

brick wall elements on the other, where the same type of insulation is inserted. Manufac-

turing 50 m2 of timber wall elements will emit around 1.5 tonnes of CO2, a quantity that 

roughly amounts to 5 tonnes in the case of brick wall elements. It is therefore clear that 

using timber in the construction of residential, commercial and public buildings leads to 

substantial reductions in CO2 emissions.  

Being a natural raw material requiring minimal energy input into the process of becoming 

construction material, timber thus represents one of the best choices for energy-efficient 

construction, since it also functions as a material with good thermal transmittance prop-

erties if compared to other construction materials. Moreover, timber has good mechanical 

properties and ensures a comfortable indoor climate in addition to playing an important 

role in the reduction of CO2 emissions. Trees absorb CO2 while growing (estimated CO2 

absorption of conifers is approximately 900 kg per 1m3 with that of deciduous trees being 

1000 kg per 1m3), which makes timber carbon neutral; a building made of an adequate 

mass of timber can thus have even a negative carbon footprint. 

On the other hand, as presented in Table 2, the grey energy results for glass are not 

especially good, they are even essentially worse than that for brick or cement. Through-

out the 20th century glass was no longer used as load bearing element, but rather as an 

aesthetic element of the building skin with strongly emphasized potential of transparency 

enabling natural lighting and visual contact of the interior and exterior space. In contrast 

to the listed positive properties, glass used to be treated as the weakest point of the 

building envelope from the thermal point of view. However, dynamic evolution of the 

http://en.wiktionary.org/wiki/cradle
http://en.wiktionary.org/wiki/cradle
http://en.wiktionary.org/wiki/grave
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glazing in the last 40 years resulted in insulating glass products with highly improved 

physical and strength properties, suitable for application in contemporary energy-efficient 

buildings, not only as material responsible for solar gains and day lighting, but also as a 

component of structural resisting elements. With suitable technological development and 

appropriate use, timber and glass are nowadays becoming essential construction materi-

als as far as the energy efficiency is concerned. Their combined use is extremely compli-

cated, from both the constructional point of view as well as from that of energy efficiency 

and sets multiple traps for designers. Moreover, a novelty value of modern glass is seen 

in its being treated as a load bearing material replacing the elements (diagonal elements, 

sheathing boards) which normally provide horizontal stability of timber structures. A 

good knowledge of advantages and drawbacks of timber-glass structures is thus vitally 

important, [11]. 

The aim of the presented paper is thus to present how timber and glass can be used in 

contemporary timber buildings to get a high as possible energy efficient product with a 

maximal possible living comfort. How to incorporate these quite different building materi-

als in an optimal structural composite to achieve a building product which will satisfy 

most of the contemporary living standards?  

2. Timber-glass buildings 

Selecting a timber construction system depends primarily on architectural demands, with 

the orientation, location and the purpose of a building being of no lesser importance. Pre-

fabricated timber construction systems differ from each other in the appearance of the 

structure and in the approach to planning and designing a particular system. As pre-

sented in Kolb [12], timber houses can be classified into six major structural systems, 

[11]: 

– Log construction (Figure 1a), 

– Solid timber construction (Figure 1b), 

– Timber-frame construction (Figure 1c), 

– Frame construction (Figure 1d), 

– Balloon- and platform-frame construction (Figure 1e), 

– Panel construction (Figure 1f). 

a) b)  

  

c) d) 
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e) f) 

  

Figure 1: Overview of the basic structural systems in timber construction; a) log construction, b) solid timber 

construction, c) timber-frame construction, d) frame construction, e) platform-frame construction, f) panel 

construction; photo by F. Kager. 

Log and timber-frame construction systems are typical of traditional types of timber 

houses whose predominance in the past, especially in the countries with huge wooded 

areas and a strong timber tradition and industry, is now giving way to construction sys-

tems currently dominating the market, i.e. mostly to panel construction, solid timber 

construction and frame construction. However, the main focus of our presentation will be 

laid on the panel construction system whose detailed analysis in combination with the 

glazing is the subject matter of the analyses presented in the following chapters. As the 

panel construction system consists of timber-frame elements (studs and girders) and 

sheathing boards (panels), the term “timber frame-panel construction” will be used a 

substitute in further parts of the paper.  

2.1. Timber frame-panel construction 

The frame-panel system originates from the Scandinavian-American construction meth-

ods, i.e. balloon-frame and platform-frame construction types whose assembly-works 

take place on-site. Advantages of the frame-panel construction system over the above 

mentioned traditional timber-frame construction systems were first noticed at the begin-

ning of the 80' of the previous century and made a significant contribution to the devel-

opment of such timber construction. The benefits to be pointed out lie in factory prefabri-

cation (Figure 2) assuring the so called ''ideal weather conditions'' in addition to constant 

supervision over construction works and the built-in materials, [11]. 

  

Figure 2: Production of prefabricated frame-panel wall elements in a factory. 

Furthermore, the transition from the single-panel construction system(Figure 3a) to the 

macro-panel construction system(Figure 3b) means an even higher assembly time reduc-

tion and higher stiffness of the entire structure due to a lesser number of joints.  

The basic vertical load bearing elements in the frame-panel construction, which is nowa-

days typical of Central Europe, are the panel walls consisting of the load bearing timber 

frame and the sheathing boards, while the horizontal floor load bearing function goes to 

slabs made of the floor beams and the load bearing wood-based sheathing boards con-

nected to the upper side of the floor beams. The wall elements with a total length of up 

to 12.5 metres are can now entirely produced in a factory, Figure 2. 
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a) b) 

  

Figure 3: Single panel construction system (a) and macro-panel construction system (b), [11]. 

Prefabricated timber-frame walls functioning as the main vertical bearing capacity ele-

ments, whose single panel typical dimensions have a width of b = 1250 mm and a height 

of h = 2500 – 3100 mm, are composed of a timber frame and sheets of board-material 

fixed by mechanical fasteners to both sides of the timber frame (Figure 3). There are 

many types of panel sheet products available which may have a certain level of structural 

capacity such as wood-based materials (plywood, oriented strand board, hardboard, par-

ticleboard, etc., or fibre-plaster boards). 

Producers usually offer a variety of composite construction wall elements of different 

types related to energy efficiency. In Central Europe, the most common type of produc-

tion of the external walls of low energy-efficiency standard is the timber frame with a 

thickness of 160 mm. The whole composition, labelled as TF-1, is presented in Figure 4a. 

The improved type with an additional timber substructure and insulation of 60 mm is la-

belled as TF-2 (Figure 4b). The passive type of the external wall is labelled as TF-3 (Fig-

ure 4c).  

 
a) TF-1 b) TF-2 c)  TF-3 

   

Figure 4: Composition of three typical timber-frame external macro-panel wall elements, [11]. 

2.2. Timber-glass wall elements 

Considering the given facts in Chapter 1 the main aim of the presented research is to get 

an energy-efficient external wall element of the building envelope with a high transpar-

ency which will be able to transmit solar energy into the building. In this way, the classi-

cal sheathing boards (FPB, OSB, etc.) are replaced with glass panes which are connected 

to the timber frame (Figure 5). The glass panes can be directly glued to the timber frame 

(Figure 5a) or connected over a special substructure, as it is a case by HGV elements 

(Figure 5b) developed by Holzforschung Austria [13] and the Technical University of  

Vienna, [14]. Additionally, the glass panes can be placed in the middle of the timber 

frame or on the both external sides, [15]. However, it is of the utmost importance to 

have in mind that we have to connect into the composite two building materials with es-

sentially different materials characteristics presented in Table 3.  
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Table 3: Mechanical characteristics of float glass, softwood, steel and concrete. 

 Density   

ρ [kg/m3] 

Compress. 

strength  

fc [N/mm2] 

Tensile 

bending 

strength  

fmt [N/mm2] 

Modulus of  

elasticity   

E [N/mm2] 

Coeff. of 

thermal 

expansion αT 

[10-5 K-1]         

Float glass  2.500 800 45 70.000 0,90 

Timber C30  

Perp. to the grain 

460 23 

2,7 

30 12.000 

400 

0,50 

0,35 

Steel S240 7.850 240 240.00 210.000 1,20 

Concrete 

C30/37 

2.500 30 2,9 33.000 1,00 

glass/timber 5,43 34,78 1,50 5,83 1,80 

glass/steel 0,32 3,33 0,18 0,33 0,75 

glass/concrete 1,00 26,67 15,52 2,12 0,90 

It is obvious from the calculated ratios that two of the glass properties demonstrate sub-

stantial deviation from the density ratio of all four materials; namely the compressive 

strength of the glass which is extremely high and its tensile bending strength which is 

extremely low according to the glass density. The relationship of the values of the elas-

ticity modulus is in good accordance with the relationship of the densities. Since most of 

the glass areas are placed in the south façade of the buildings and therefore subjected to 

a very high temperature effect, especially in the summer period, the coefficient of ther-

mal expansionαT is of vital importance, when glass and timber are used as composite 

elements. The values of αT for glass, softwood and hardwood are 0.9·10-5 K-1, 0.5·10-5 K-1 

and 0.8·10-5 K-1 respectively. Enlarged shear stresses may therefore occur in the connec-

tion area between timber and glass elements when these are subjected to a heavy tem-

perature effect which may affect in adhesive, timber or even glass failure. Because of 

that reason it is not recommended to connect glass panes with the timber frame with a 

stiff adhesive (epoxy or acryl ate) if the timber-glass wall is subjected to a heavy tem-

perature effect, [16].  

 

Figure 5: a) Glass pane adhesively bonded to the coupling timber frame and fixed to the main timber frame and 
b) HGV element, [15]. 

Because of the given facts designing of the timber-glass buildings have to be treated 

very systematically. At our faculty we decided simultaneously to incorporate the architec-

tural design which is highly supported with the energy analysis for heating and cooling 

(Figure 6a), research work on structural stability (Figure 6b) as well as incorporation of 

the developed research results directly into the student workshops for real projects for 

industry (Figure 6c).   
  



5ème Forum International Bois Construction FBC 2015 

The advantages of wood in positive-energy construction | M. Premrov 

 
8 

a.) b.) c.) 

→ →  

Figure 6: Research work on energy (a), structural stability (b) and their incorporation into the student projects 
for industry (c). 

3. Design approach for energy-efficient  
 timber-glass buildings 

Energy-efficient building design requires a careful balance of the energy consumption, 

energy gain and energy storage. The basic design principle integrates the building com-

ponents into a system taking maximum advantage of the building’s environment, climatic 

conditions and available renewable energy sources. The aim is to reduce the need for 

conventional heating and ventilation systems, which are inefficient and consume fossil 

energy sources. The use of contemporary active technical systems exploiting renewable 

energy is therefore advised instead. Apart from higher energy efficiency and reduced 

environmental burdening, energy-efficient building design results in a comfortable indoor 

climate, which is of utmost importance for the occupants’ well-being. The occupants play 

an important role in the system of energy-efficient buildings, since only with proper use 

can the buildings’ energy balance reach a level planned by the engineers.  

Planning and designing energy-efficient buildings is a complex process whose definition 

could be understood as a three-levelled one. The first – basic design level comprises an 

optimum selection of the building components, i.e. the structural design concept, thermal 

envelope composition, construction details, type of glazing and other materials, with re-

spect to the location, climatic data and a suitable orientation. The following level is that 

of passive design strategies which allow for heating with solar gains, cooling with natural 

ventilation, using thermal mass for energy storage where renewable energy sources are 

exploited with no need for electricity. Only the third, i.e. the last level involves design 

concepts of the building’s active technical systems using renewable sources of energy 

with the necessary recourse to electrical energy. Efficient planning and design of build-

ings aims at skilfulness and originality of design concepts at the first two levels to the 

extent where the need for active systems arises within the least possible degree. 

3.1. Climatic influences and building design 

The importance of climate as a major determinant of the style of houses was pointed at 

already in ancient history. Numerous examples of vernacular architecture show how the 

building design responds to climatic conditions. From the point of view of bioclimatic 

planning, which is a basis for achieving the energy efficiency of buildings, location analy-

sis is vitally important since numerous building designing aspects depend on the location 

specifics. It is thus possible to define the topography of the terrain, its soil composition 

and vegetation, the sun apparent movement, the position and shape of the neighbouring 

buildings, the openness of the site, its orientation and most significantly, climatic circum-

stances. The latter have a major role in planning the building’s heating, cooling and natu-

ral lighting strategies. 

3.2. Basic design parameters 

Building Shape 

The building shape is defined by geometry of external building elements, such as the 

walls, floor slab and roof. It has a significant effect on thermal performance, since major 

heat flows pass through the building envelope. To minimize transmission losses through 

the building envelope a compact shape indicated by a low shape factor is desirable  
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(Figure 7). In general design guidelines for energy-efficient houses a compact rectangu-

lar shape is seen as the optimum, however this is more relevant for buildings in a pre-

dominantly cold climate. 

 

Figure 7: Shape factor is defined by the ratio between the area of the building thermal envelope and the heated 
volume. 

On the other hand, a dynamic form with larger transparent surfaces enables provision of 

higher solar gains. Some studies show that under certain location and climatic conditions 

a dynamic shape might be even more efficient as far as energy gains are concerned. In 

buildings featuring more dynamic and fractured forms, the issue of solar access to indi-

vidual parts of the envelope proves to be of great significance since some parts of the 

building could shade the others. Many studies therefore treat the geometric relationship 

between the shaded and exposed part of the building envelope and its influence on solar 

gains. Figure8 presents a relationship between the exposed and partly shaded façade. 

 

Figure 8: Geometric relationship between the exposed and partly shaded façade. 

Defining the building shape should respond to the building’s environment and particularly 

to climatic conditions. 

Orientation 

With respect to guidelines for energy-efficient housing, a major part of the building’s 

transparent surfaces should be oriented to the south. South orientation enables higher 

solar gains and better day lighting, but at the same time it increases a risk of summer 

overheating. In order to prevent overheating a well-designed solar-control is indispensa-

ble for the buildings located in a great number of European regions. Certain building sites 

may be less favourable in terms of orientation, since they cannot enable the orientation 

of the building mainly to the south. The task of architects in such cases is to take maxi-

mum advantage of the existing conditions by adjusting the design concept to suit the 

given micro-location.  

The energy-efficient timber-glass house Misaja (Figure 9) which is currently under con-

struction in Maribor, Slovenia, where the climate featuring cold winters with relatively 

high solar radiation and warm summers is more than suitable for dynamic building 

shapes. The main building façade is oriented towards south-west. The building shape is 

determined in a manner which allows for an adequate solar gains through the whole day, 

the self-shading affect appears only at late afternoons in the summer period, which is in 

fact desired. The winter sun sets earlier so no self-shading affect appears in the heating 

period when solar radiation is very beneficial. The roof windows enable very good natural 

illumination of interior spaces. A canopy in front of the house is designed with movable 
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textile shading screens which block the strong summer sun, while they can be pulled in 

during the cloudy and cold winter days. 

 

Figure 9: Energy-efficient Timber-glass House Misaja, architecture by Vesna Zegarac Leskovar. 

Zoning of Interior Spaces 

Division of a building into spaces having similar characteristics based either on the pur-

pose of individual spaces or on interior climate conditions aims at creating a rational dis-

tribution of heat and daylight. There are several zoning concepts which strongly depend 

on the type, size and the purpose of a building.  

Building components 

For energy-efficient timber buildings it is advised to use building components having  

U-value lower than 0,20 W/m2K. This does not apply to glazing surfaces which should 

feature U-values of approximately 0.80 W/m2K or lower with the coefficient of solar 

transmission around 50%. In warm climates also the use of double pane windows with 

slightly higher U value (cca. 1.0 to 1.3 W/m2K) is possible, however all glazing surfaces 

apart from north-oriented need to be shaded properly in order to prevent overheating. 

The U-value of timber elements is relatively low in comparison with other structural ma-

terials on account of lower thermal conductivity of wood. Additionally the use of different 

insulation materials contributes to the reduction of thermal heat flow. It is also utmost 

important for timber-glass buildings to use the insulation materials which can reduce the 

speed of heat transfer. In order to store more heat and achieve a longer time lag, mate-

rials composing external building elements need to have high heat storage capacity and 

high density. The recommended value for the time lag in most of European climatic re-

gions is around 12 hours or slightly more. This property reflecting thermal stability  

of buildings is particularly important in summer to prevent overheating. A comparison of 

different insulating materials (Table 4) shows excellent properties of wood fibres and cel-

lulose. Wood fibre boards achieve up to 6 times longer phase shifts than other materials. 

Table 4: Physical and mechanical properties of different insulating materials; Papadopoulos (2005) [17]. 

Insulating      

material 

Thermal       

conductivity  

λ[W/mK] 

 

Density ρ 

[kg/m3] 

 

Heat  

capacity c 

[J/kgK] 

Phase shift        

[min/cm] 

Resistance 

to vapour 

diffusion μ 

Glass wool 0,030 – 0,045 13 - 100 840 7 - 10 1 

Stone wool 0,033 – 0,045 30 - 180 840 10 - 19 1 

EPS 0,029 – 0,041 18 - 50 1260 8 - 15 25 - 60 

Wood fibres 0,045 – 0,550 190 - 270 2100 42 - 50 10 

Cellulose 0,033 – 0,040 30 - 60 1900 18 - 28 1 

In timber buildings it is also important to achieve good air tightness and thermal bridge 

free construction.  

3.3 Design of passive strategies 

Passive design strategies (passive heating, cooling, day lighting, ventilation) allow for the 

passive use of natural energy sources and climatic indicators in order to ensure an ade-

quate indoor climate and reduce the need for active heating, cooling, ventilation and day 
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lighting. For example, solar radiation can be exploited to assist in reducing energy con-

sumption for space heating and day lighting, natural ventilation can assist in reducing 

energy consumption for mechanical ventilation and cooling, etc. Application of specific 

strategies largely depends on climatic conditions, type and occupancy of the building. The 

general principle is to maximize free heat gains which have to be equally distributed and 

stored within the building in periods with lower average outdoor temperatures and to 

minimize heat gains and assure natural cooling through ventilation in warm seasons. The 

exploitation of daylight should be part of the year-round strategy.  

3.4 Active technical systems  

Active technical systems are necessary for a complex integrated building operation.  

Active technical systems refer to heating, ventilation and air-conditioning, domestic hot 

water supply, artificial lighting and renewable energy systems. They all need to consume 

electrical power for their performance. A way to improve the overall efficiency of contem-

porary mechanical systems is to incorporate strategies that use surrounding renewable 
sources like outdoor air, solar radiation, the ground or groundwater.   

4. Building shape influence on energy demand 

Designing timber-frame buildings with enlarged glazing, mostly placed in the south  

façade of the building, offers numerous possibilities of creating structures with a highly 

attractive shape. Nevertheless, the general design guidelines claim that a dynamic or 

non-compact building shape usually results in increased energy demand. Therefore, the 

most of high energy efficient buildings or buildings constructed in a passive energy stan-

dard were designed in a very compact form in a sense to significantly decrease transmis-

sion losses through the building envelope. It is important to stress that most of these 

guidelines were prepared in North Europe countries or Germany where first started in 

designing energy high-efficient buildings at beginning of the 90-ies of the last century. 

One of the first passive houses was built in Darmstadt in year 1990 (Figure 10) and 

demonstrated a very compact form with a low shape factor. 

 

Figure 10: Passive house in Darmstadt (Source: http://en.wikipedia.org/wiki/Passive house, 10.10.2014). 

However, it is important to stress that climate conditions in the south part of the Alps 

with a quite cold winters but with a high solar potential in the heating period assure 

many possibilities to design also timber buildings with enlarged glazing areas placed in 

the south facade of the building envelope. The main aim of the presented study is to 

analyse the influence of the building shape on energy demand for different climatic  

regions with the aim to present design solutions where the energy demand increase 

could be avoided by selecting the appropriate size of the glazing surface in the south  

façade.   

The research is based on a case study of a one-storey timber-frame house taking into 

account climate data for three different European cities, Ljubljana, Munich and Helsinki. 

Apart from the climate data the main variable parameters are the building’s shape factor 

(Fs) and the glazing-to-wall area ratio (AGAW) in the south façade of the building. Differ-

ent building shapes are parametrical analysed using different models (Figure 11), while 

the ground floor area and the heated volume remains constant. To take into account also 

http://en.wikipedia.org/wiki/Passive%20house
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a possible effect of the overheating in the summer period, the energy demand for heat-

ing and cooling are separately analysed and finally summarized in a total annual energy 

demand. Due to a low thermal capacity of timber, the risk of overheating is in timber-

glass buildings considerably higher than in buildings made of brick or concrete. Only 

when considering carefully all these energy aspects the basic conclusions can be given.  

4.1. Building geometry 

The presented numerical research is based on a case study of eight box model of a  

3-metre-high one-storey house built in the prefabricated passive timber-frame structural 

system with glazing installed only in the south façade of the building, as schematically 

presented in Figure 11. The occupied floor area (ATFA = 81 m2) and the heated volume (V 

= 243 m3) are kept constant during the whole analysis, only envelope areas on the south 

facade of the models are changed; therefore the building’s shape factor (FS) values are 

parametrically and systematically increased from 1.4722 to 1.7216.  

Model 1, fs = 1,4722 Model 2, fs = 1,4763 Model 3, fs = 1,5030 Model 4, fs = 1,5539 

    
Model 5, fs = 1,5788 Model 6, fs = 1,5894 Model 7, fs = 1,6567 Model 8, fs = 1,7216 

    

Figure 11: Variations of the building geometry (FS). 

A window insulating glazing (Unitop 0.51–52 Uniglas) with three layers of glass, two low-

emissive coatings and krypton in the cavities for a normal configuration of 4E-12-4-12-

E4, is installed. The glazing configuration with a g-value of 52% and Ug = 0.51 W/m2K 

assures a high level of heat insulation and light transmission. The window frame U-value 

is Uf = 0.73 W/m2K. Two different values of the glazing size placed in the south façade, 

AGAW = 35% and AGAW = 55%, are chosen.  

4.2. Climate data 

Climate data for three cities located in different climate conditions, Ljubljana, Munich and 

Helsinki were taken into consideration with a view to getting feedback on the influence of 

the building shape exposed to different solar radiation potential and transmission losses 

in the heating period. The climate data were taken from Meteonorm [18], with the tem-

perature data corresponding to the period of 2000-2009 and the radiation data to that of 

1991-2010. All important values are presented in Table 5.  

Table 5: Climate data for the chosen locations. 

Location Latitude (°) 
Longitude (°) 

Average 
annual tem-
perature 
(°C) 

Average 
temperature 
in heating 
period (°C) 

Heating de-
gree hours Gt 

Annual solar 
radiation on 
south vert. 
surf. 
(kWh/m2) 

Solar radia-
tion on south 
vert. surf. in 
heating pe-
riod 
(kWh/m2) 

Ljubljana 46,067/14,517 11,15 5,5 71.989 973 474 

Munich 48,133/11,700 9,23 3,8 85.908 990 503 

Helsinki 60,166/24,944 6,36 0,6 109.345 680 346 
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4.2. Results and recommendations for design 

The results for the influence of the shape factor on the annual energy demand for heating 

(Qh) for the both considering glazing size values are graphically presented in Figure 12. 

 

Figure 12: The calculated results of Qh for the selected AGAW values. 

It is important to note from the presented results that the increasing shape factor exerts 

the highest influence on Qh for Helsinki and the lowest in the case of Ljubljana. A further 

finding points to a slight increase of the shape factor influence at a higher AGAW value, 

in all three locations, with Helsinki in the leading role. However, in timber-glassbuildings 

a particular attention should be paid also to the energy demand for cooling as well.  

Figure 13 presents the results for the annual cooling demand (Qc). 

 

Figure 13: The calculated results showing Qc for all three locations and the both selected AGAW values. 

According to the given climate data it is logical that there is basically no overheating for 

Helsinki and Munich. On the contrary, as far as the energy demand for Ljubljana is con-

sidered, it is important to take into account also the energy for cooling which is almost 

independent of the shape factor at the value of AGAW = 35%, but systematically in-

creases with the size of the glazing by AGAW = 55%. But, in general, it was presented in 

the study that the total annual energy demand for heating depends on the building shape 

factor in a much higher sense for the cold climate conditions with less solar potential as 

for the buildings located in regions with a higher annual temperature and higher solar 

potential in the heating period. For such climate conditions also the buildings with a more 

dynamic form can be designed in the passive energy standard. The findings from the 

performed parametric analysis evidently demonstrate a possibility, limited to certain  

climatic regions, of designing timber-glass buildings having more attractive ground-floor 

geometry with a higher building shape factor. This is contradictory to most of the pre-

sented studies performed on different building shapes with various structural systems 

which usually prefer compactness of the passive buildings. 

5. Conclusions 

It was presented that the total annual energy demand for heating depends on the build-

ing shape factor in a much higher sense for the cold climate conditions with less solar 

potential as for the buildings located in regions with a higher annual temperature and 

higher solar potential in the heating period. For such climate conditions also the buildings 

with a more dynamic form can be designed in the passive energy standard. There are 

also some other possibilities to use timber in energy high-efficient buildings, such as us-

ing a timber-glass upgrade module by energy renovation of old buildings, seismic behav-

iour of timber-glass buildings, etc., which due limitations of the paper content cannot be 

presented.  
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