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ABSTRACT: Since the 1990’s architects have designed highly glazed office buildings. Even if daylight is more 

accessible in such zones, their energy efficiency has been questioned, given that highly glazed façades generate high 

heating and cooling demands. To reduce energy consumption in office buildings, one efficient strategy is to 

concentrate on the thermal mass potential of floor slab, combined with efficient passive solar heating. For this 

purpose, different combinations of glazing-to-wall ratio on south and north façades and types of glass are optimized 

and a floor slab made of engineering wood products, cross-laminated timber (CLT) is compared to a more standard 

concrete floor slab. The aim of this study is to understand the dynamic thermal storage response of CLT floor slab 

with different glazing interactions and to optimize energy performance of a virtual office building. This research 

presents the hourly space heating and cooling demands and peak loads of an office building based on the results of 

simulations performed with DEROB-LTH. In order to study the impact on energy balance, the office building with 

30% glazing for each façade was first simulated with concrete and CLT floor slab. Then the percentage of glazing and 

glass types on both south and north façades were optimized to take advantage of solar radiation. 

Keywords: cross-laminated timber (CLT), engineering wood, low-energy office building, thermal mass, glass area, 

glass types, energy simulation, façade optimisation. 

 

 

INTRODUCTION 

Highly glazed office buildings have increasingly been 

built since the 1990’s. Large glazed façades provide 

transparency and lightness, give more access to daylight 

and promote an image of prestige. Nevertheless, energy 

efficiency of such buildings has been questioned, given 

that highly glazed façade generate high heating and 

cooling demands [1]. To reduce energy consumption or to 

counter-balance the drawbacks of highly glazed façades, 

one efficient strategy is to concentrate on the thermal 

mass potential of the floor slab. In a large number of 

constructions, floor slabs are made of concrete. However, 

nowadays new structural materials have emerged. The 

use of engineering wood product, such as cross-laminated 

timber (CLT) is gaining in popularity, for residential and 

for non-residential constructions (Fig. 1). This 

prefabricated structural wood system can be easily 

handled and rapidly assembled. In addition to acoustic 

insulation, and fire and structural resistance, CLT has a 

good potential of thermal insulation and has been proven 

to be an environmental friendly material. CLT panels 

consist of three to seven layers of boards placed 

orthogonally in alternating orientations, stacked crosswise 

and glued together on their wide faces using structural 

adhesive. The dimensions may vary depending on 

manufacturers, but typical widths are 0.6 m, 1.2 m or 3 m, 

maximal length is 18 m and maximal thickness is 400 

mm 2. CLT was first developed in the mid-1990s in 

Austria and became more popular for mid-rise 

 

 
 Figure 1: Multi-family building in Judenburg Autria (courtesy 

of KLH). 

 

construction in Europe in the 2000s. In North America, 

few buildings using CLT are erected, but the potential for 

high-rise buildings is competitive. Today, wood 

structures are regaining in popularity for mid-rise, high-

rise and bridges [3]. On an environmental aspect, wood 
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has a relative low impact because of its ability to store 

carbon [2, 4, 5, 6]. It is often considered that wood 

buildings have low thermal mass, which according to 

popular beliefs affects energy consumption and thermal 

comfort. However, to the knowledge of the authors, no 

studies have been reported on the energy performance of 

mid-rise wood buildings compared to more standard 

buildings. In this paper, the annual space heating and 

cooling demands of an office building with cross-

laminated timber (CLT) floor slab are compared to a 

more standard office building with concrete floor slab. 

Different scenarios involving 30, 60 and 100% of glazed 

area on south and north façades, and three different types 

of glass are simulated and optimized in order to 

understand and optimize the dynamic response of the 

CLT slab compared with concrete slab.  

 

 

METHOD 

In the early stage of design, energy simulations can be 

very useful to optimize the overall energy consumption 

and indoor climate of a building [1]. Through the energy 

simulations, the energy performance of a building can be 

predicted and different scenarios can be compared before 

construction or before retrofitting of a building [1]. 

For this research, a virtual reference low-energy office 

building (Fig. 2), created and designed by a research 

group from Lund University (Sweden) and by WSP and 

Skanska; two Swedish companies, was chosen and 

simulated because it was well documented in the 

literature and used in previous works [7]. The envelope of 

the building was upgraded to meet the Canadian National 

Energy Building Code [8]. The main purpose of the 

present analysis is to optimise the glass-to-wall ratio for 

the north and south façade, and the type of glass while 

comparing the energy performance of concrete and CLT 

floor slab in terms of annual space heating and cooling 

demands. For this research, the set points, the orientation 

of the building, the shape of the building, the occupant 

schedules activities, the internal loads (number of 

occupants and equipments), and the occupancy were kept 

constant. 

 To carry out the energy simulations, the simulation 

program DEROB-LTH (Dynamic Energy Response of 

Buildings LTH), a validated tool for studying energy 

performance, was used. Originally developed by the 

Numerical Simulation Laboratory and the School of 

Architecture, from University of Texas in Austin [9], it 

was further improved at Lund University (Sweden) [10].  
 

 
Figure 2: Reference office building of 5 storey with 30% of 

glass on north and south façades 

 
 

This program operates in multi thermal zones and allows 

to model single rooms or entire building. The main 

strength of DEROB-LTH is the calculation of solar 

radiation and shading devices on the energy consumption 

of building [1]. 
 

 

DESCRIPTION OF THE REFERENCE BUILDING 

The reference building (Fig. 2) was first used in the 

“Glazed Office Project” [7], initiated at Lund University 

by the Department of Energy and Building Design. This 

six storey office building is 21 m height, 66 m length and 

15.4 m width, with a rectangular shape. The first to fifth 

floors are identical. The total floor area is 6177 m
2
. Each 

room has a height of 2.7 m and the distance between each 

floor is 3.5 m. The building has two pairs of long and 

short identical façades, as shown in Fig. 2. For this 

research, the reference case was set with 30% of glass on 

both north and south façades. Eleven building elements 

with different thermal resistances were used in the model, 

as presented in Table 1. 

DEROB-LTH proposes a library of windows but also 

offers the possibility to create windows by entering their 

properties, as it was done in this research. A first 

simulation with double clear glass was performed to 

determine if the reference building is heating or cooling 

dependant. The results showed a large demand in heating 

due to the elongated rectangular shape. Therefore, the 

following glazing was chosen: 6 mm thick panes, with a 

low-e coating on the outer surface of the inner pane (SNX 

62/27of Guardian). The gap is 11 mm thick and is filled 

with argon. The U-value reaches 1.70 W/m
2
°C. 

The model was simplified, reduced to three identical 

floors instead of six and the results of the second floor 

were analyzed. Since the central floor made of CLT or 

concrete is sandwiched between two concrete slabs, the 

impact of thermal mass will be easier to pinpoint within 

that thermal zone. 
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Table 1: Description of the building elements used with 

effective thermal resistance values [3, 11, 12]. 

 

Assembly Thickness Conduct. Spec.heat Density 

  [mm] [W/mK] [Wh/kgK] [Kg/m3] 

Ext. wall 
    

Facing bricks 120 0.58 0.233 1500 

Air gap 40 0.18 0.28 1.22 

OSB 12.66 0.12 1880 665 

Wood stud + 

Mineral wool 
140 0.044 0.649 462.22 

Gyps. board 13 0.16   640 

Ext. wall 
    

Facing bricks 120 0.58 0.233 1500 

Air gap 40 0.18 0.28 1.22 

Spray polyu. 96 0.0227 1470 40 

Concrete 200 2 0.9 2240 

Floor 
    

Acoustic tile 12.5 0.057 0.233 1500 

Concrete 300 2 0.25 2240 

or CLT 280 0.12 0.756 480 

Linoleum 2.5 0.156 0.35 1200 

Gr. floor 
    

Exp. plastic 100 0.035 0.472 1000 

Concrete 300 2 0.9 2240 

Linoleum 2.5 0.156 0.35 1200 

Roof 
    

Roofing felt 3 0.13 0.361 930 

Wood  20 0.14 0.649 500 

Mineral wool 200 0.036 0.209 16 

Concrete 300 2 0.9 2240 

Acoustic tile 12.5 0.05 0.8 290 

 

 

LOCALIZATION 

The office building was located in Quebec City, Canada 

(latitude 46.49º north, longitude 70.60º). As passive 

solar heating is an objective of this study, the office 

building was south oriented. A climate file was used, 

containing hourly temperature, normal direct and diffuse 

solar radiation on a horizontal surface, wind speed and 

wind direction for the year 1995 (that year is considered 

typical) [10]. Maximal temperature occurred on July 6th 

at 3 PM (30.9ºC) and minimal temperature was 29.6ºC, 

January 27th at 4 AM. 

 

 

LIGHTS EQUIPMENTS AND HVAC 

Lighting is composed of fluorescent tubes with HF fitting 

witch have a power of 12 W per m
2
 of floor. Each office 

floor is equipped with one PC (30 W) by occupant, the 

printers (8 units of 30 W and 4 units of 50 W), the faxes 

(8 units of 30 W) and the copiers (4 units of 500 W) for 

an annual energy use of 21 kWh/m
2
 [7]. For typical 

workdays, the schedule for lighting and equipments was 

set from 08:00 to 12:00 at 80% of maximal gains, from 

12:00 to 13:00 at 15%, and from 13:00 to 17:00 at 80%.  

 DEROB-LTH includes a simplified HVAC system 

modelling. Moisture transfer is not taken into account by 

the software, so only sensible heat is assumed. The CAV 

control supplies air with 10 L/s for each occupant [14]. 

The infiltration rate is calculated for each façade, based 

on window perimeter, on wind speed and direction and on 

stack effect. For the reference case, the temperature was 

set at 21C during working days, and at 15C during 

weekends (heating mode). In the cooling mode, the 

weekend set point was 26C. 

 

 

OCCUANCY 

Hourly week day and weekend schedules were chosen. 

Simulations were divided into three periods: winter 

(January 1st - May 31
st
 and September 1

st
 – December 

31st) and summer (June 1
st 

- August 31st). To determine 

the summer season, an average operative temperature 

above 26ºC for every thermal zone, based on a simulation 

without including cooling. The number of occupants 

during winter is maximal. During June and August, the 

occupation was reduced to 75% and to 50% in July as 

some occupants are assumed to be on vacation [13]. The 

mean of the occupation of these three months were 

associated in the summer period. It was assumed that 

each occupant gives off 100 W [7]. Table 2 summarizes 

the schedules of the total internal heat gains. 

 

Table 2: Schedule for internal gains coming from 

electrical equipment, light and people. 

 
Internal gains per storey [W] 

Schedule Winter Summer 
  w-day w-end w-day w-end 

1 am-8 am 1302 0 868 0 

8 am-12 am 26669 0 21935 0 

12 am-1 pm 1377 0 13336 0 

1 pm-5 pm 26669 0 21935 0 

5 pm-12 pm 1302 0 868 0 

 

 

INFLUENCE OF CLT VS CONCRETE SLABS 

As mentioned previously, two different floor slab 

materials were tested and their annual space heating and 

cooling, and peak loads compared. The difference 

between their performances is related to their potential of 

thermal storage which is directly related to their thermal 

properties. The first slab is a common and standard 300 

mm concrete slab. The second one is a CLT panel, 280 

mm thick, for structural reason (Fig. 3) [13]. The 

softwood species used depend of the region of the world 

where CLT is manufactured. In this research the CLT 

panels chosen are made of black spruce, a typical 

softwood of Quebec (Canada). Fig. 3 shows both slab 

materials side by side to condensate on one illustration. 
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Figure 3: Concrete floor slab (left) and CLT floor slab (right) 

with exterior wall assembly, with a zoom on the CLT panel. 

 

 

No hybrid slab assemblies were tested. Table 1 (floor) 

presents the thermal properties of both slabs.  

The main difference between these materials is the 

thermal conductivity which is larger for concrete (2.0 

W/mK) than that of CLT, 0.12 W/mK. This means that 

CLT panels are better thermal insulators than concrete. 

During the simulations of the building, the temperature 

profile within concrete will tend to be more uniform 

throughout its thickness then in CLT. On the other hand, 

the volumetric specific heat (i.e., product of mass specific 

heat and density) of concrete (2020 kJ/m
3
K) is much 

larger than that of CLT (1306 kJ/m
3
K). This means that 1 

m
3
 of concrete can store 71% more heat than 1 m

3
 of 

CLT, for the same temperature difference. Finally, there 

is an order of magnitude difference between the thermal 

diffusivity (k/(cp)) of each material, i.e. 8.4×10
7

 m
2
/s 

for concrete versus 9.2×10
8

 m
2
/s. The thermal diffusivity 

is related to the transient behavior of a material: when it 

is high (as in concrete compared to CLT), heat tends to 

flow faster through the material. Also, in periodic thermal 

solicitations, the penetration depth (i.e. the thickness of 

material that is influenced by the thermal perturbation) 

increases with the thermal diffusivity [7]; thus, the 

penetration depth will tend to be larger in concrete and 

smaller in CLT. 

These differences in the thermal properties of concrete 

and CLT will have an impact on the thermal mass of the 

building depending on which material is used for floor 

slab. More specifically, the change of material will 

modify the heat transfer dynamics of the buildings, i.e. 

the transient absorption and release of heat by the slab. 

Many authors agree that when thermal mass is increased, 

the energy efficiency is also increased 1, 15. In the case 

of office buildings, the use of thermal mass can be 

efficient since internal gains are large [1]. Before drawing 

any conclusions, the entire building dynamics has to be 

studied, in particular the influence of parameters such as 

the amount of solar radiation entering the building, which 

in turn depends on the glazing area, orientation and 

window type. This will be discussed in the next sections. 

Simulations have been run for the reference case 

which consists of 30% of glazing on both south and on 

north façades with a concrete slab, and with a CLT slab. 

The total space heating requirement is 46.03 kWh/m
2
 for 

the concrete and 39.25 kW/m
2
 for the CLT. The CLT thus 

provides a reduction of 6.78 kWh/m
2
 (14.7%) per year. 

The heating peak load with the concrete was 92.58 kW, 

while for CLT the peak load is 61.21 kW, representing a 

reduction of 33.9%. These results correspond to the first 

set of data in Figs. 4 and 5. It is interesting to note that 

CLT floor slab performs better for space heating and 

heating peak load than concrete slab. In other words, the 

heat transfer capability of the CLT outperformed that of 

concrete for the building studied in this paper. Therefore, 

the “fear” that CLT might lack sufficient thermal mass to 

be deemed a valid option does not seem to be justified; at 

least not for the building considered [13]. The annual 

space cooling requirement for concrete is 22.68 kWh/m
2
 

and 25.39 kWh/m
2
 for the CLT. Concrete thus provided a 

reduction of 2.71 kWh/m
2
 (10.7%) per year. The cooling 

peak load of concrete is 62.86 kW, and that of CLT is 

60.99 kW, a reduction of 3.0% per year. 

 

 

INFLUENCE OF GLASS TYPES 

As solar radiation directly influences thermal mass 

behaviour, and thus influences the performance of 

concrete and CLT, it was decided to study the influence 

of two different window types on two main orientations 

that have the greater impact on heating and cooling 

performance, i.e. north and south façades. For this section 

two different windows were simulated in three different 

scenarios. The first window is a double clear glass of 6 

mm thick with a low-e coating on the outer surface of the 

inner pane (TiPS of AFG). The second window is also a 

double clear glass of 6 mm thick with a low-e coating on 

the inner surface of the outer pane (SN68 of Guardian). 

The gap for both windows is 11 mm thick, filled with 

argon. Table 3 describes the properties of the different 

glass panes. The following scenarios were considered: 

a) TiPS on south and north façades; 

b) SN68 on south and north façades; 

c) TiPS on north façade, SN68 on south façade. 
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Table 3: Properties of glass panes 

 
Glass panes Emitt.f Emitt.b Trans Refl Face 

Clear AFG 84 84 80 7 
 

SNX 67/27 Guardian 84 2 26 7 
 

TiPS AGC 6 85 56 4 2 

SN68 Guardian 84 2 38 6 3 

 

Scenarios (a) to (c) will be compared to the reference 

case described previously. Glass (a) is normally more 

efficient on north façade because the low-e coating allows 

solar radiations to enter and heat the building. Glass (b) is 

normally more efficient on south façade because the low-

e coating avoid the heat to evacuate the building and also 

allow solar radiation to enter. To verify if the glass were 

efficient as predicted, simulation were run for both 

glasses on both façades. The last scenario (c) combines 

the two glasses on both façade to verify the performance. 

 Fig. 4 shows that the heating demand is larger than the 

cooling demand. This means that the best scenario will 

likely be the one that focuses on reducing heating 

demand. As predicted, case (a) performed better in space 

cooling (-21%) and cooling peak loads (-11%) than in the 

space heating (+44%) and the heating peak loads for both 

materials. This is due to the position of the low-e coating 

which prevents solar radiation from penetrating in the 

building and thus results in more heating need. For case 

(b), the space heating was reduced (11%) for both 

materials. The properties of the window allow solar 

radiations to enter the building to be absorbed by the 

thermal mass. CLT offered an impressive performance in 

heating peak loads (-37.5%). Therefore it was decided to 

combine both windows in scenario (c) to achieve the 

more efficient combination (i.e. a low U-value window 

for the north façade and a window with important SHGC 

for the south façade). With case (c), unfortunately, the 

results fallowed the same trends as case (a) but are 
 

 
Figure 4: Space heating and cooling demands, peak loads with 

different glass types tested on 30% glazing north and south for 

both concrete and CLT floor slabs. The bars refer to the y axis 

on the left and the line relates to the y axis on the right. 

situated halfway between case (a) and (b) for both 

materials. Considering the results presented in this 

section, the best scenario is (b) for CLT because the space 

heating and the heating peak load are the lowest. 

 
 

INFLUENCE OF PERCENTAGE OF GLAZING 

As seen in the previous section, solar radiation influences 

the energy performance of concrete and CLT. Therefore it 

was decided to study the impact of the glazing-to-wall 

ratio on the behaviour of the concrete and CLT floor 

slabs. Three different percentages 30%, 60% and 100% 

applied to the north and south façades, were considered 

and tested with scenario (b) of the previous section. To 

enhance the potential of glazing-to-wall-ratio, several 

scenarios involving combinations with these three 

percentages on both façades were simulated: 

a) 60% glazing north, 60% glazing south 

b) 100% glazing north, 100% glazing south 

c) 60% glazing north, 30% glazing south 

d) 30% glazing north, 60% glazing south 

e) 30% glazing north, 100% glazing south 

f) 100% glazing north, 30% glazing south 

g) 60% glazing north, 100% glazing south 

h) 100% glazing north, 60% glazing south 

 From this section, some highlights can be pinpointed 

and are presented in Fig. 5. (1)When the glass-to-wall 

ratio increases simultaneously on both façades, heating 

demands slightly increases, but more space cooling is 

required, especially for concrete. (2)The best material 

between concrete and CLT depend of the glazing-to-wall 

ratio. In the reference case, the CLT provides better 

results for the heating. (3)The difference between CLT 

and concrete is less than 30% (except for cases (c) and 

(d). (4)In cooling mode, concrete always reaches better 

performance than CLT, but the difference is relatively 

small. (5)To limit the space heating, the glazing-to-wall 

ratio on north façade should not exceed 30% in the case 

of CLT and 60% in the case of concrete, because space 

heating requirement increases with the percentage of 

glazing. (6)On south façade, the space heating is reduced 

when the glazing-to-wall ratio increase from 30% to 60% 

to 100%, but in return the cooling demands increase 

(except cases (b) and (a) for CLT). (7)In case (e), a 

percentage of 30% on north and 100% on south remains 

the best scenario in terms of heating performance. These 

can be explain by the available solar radiation provided 

by the large window facing south, reducing the heating 

demand, but also increasing the cooling demand. As the 

building is heating dependant, this scenario is the more 

efficient, followed by reference case (g). (8)An 

interesting fact is that concrete and CLT react the same 

way but the heating and cooling peak loads of CLT is 

always smaller than concrete. 
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Figure 5: Space heating and cooling demands, peak loads with 

different scenario of glazing-to-wall ratio on north and south 

façades for concrete and CLT floor slabs. The bars refer to the y 

axis on the left and the line relates to the y axis on the right. 

 

 

CONCLUSION 

There is actually a lack of knowledge regarding the heat 

transfer behaviour and energy performance of 

engineering wood products. In North America there is a 

growing interest to build with these innovative materials. 

Therefore it is important to understand how they respond 

in the building context. In this study, two slab materials, 

concrete and CLT, were compared based on their annual 

heating and cooling demands and peak loads compared 

under different scenarios (types of glass, glazing-to-wall 

ratio on north and south façade). From all the tested 

scenarios, the main conclusions that can be drawn are: 

(i)The difference between the space heating of concrete 

and CLT is no more than 4.97 kWh/m
2
; except for the 

reference case which is more than 15%. (ii) CLT 

performed better in 50% of the cases. (iii)In cooling 

mode, differences in annual space cooling between 

concrete and CLT were usually smaller than 2.71 kWh/m
2
 

(except with 100% glazed façades) and concrete was best 

most of the time. (iv)In the heating peak loads, the 

difference between concrete and CLT reached 51.98 kW 

in the case (c) (TiPS glass). CLT outperformed concrete 

in all cases. (vi)The cooling peak loads were always 

smaller for CLT and the difference with concrete were 

less than 7.13 kW. (viii)Regarding the type of glass, TiPS 

of AFG outperformed the others because heating 

represents the major energy demand in that office 

building. (ix) Regarding the glass-to-wall ratio, the best 

energy heating performance was achieved in case (e), 

(30% north, 100% south) for both materials. (x)For 

cooling mode, the best results were obtained with the 

reference case and case (d) (60% on north and 30% on 

south). 

In future work, it would be interesting to simulate 

more windows types that performed better in a heating 

dependant building and add solar shading to improve 

cooling performance. Finally, as structural hybrid 

constructions encourage the use of wood, it could be 

interesting to compare light framed wood walls (present 

building) to light framed steel or steel deck to concrete 

and CLT floor slabs.  
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