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ABSTRACT: This paper explores the effect of typological variations of school buildings on their visual, thermal, indoor 

air quality, and energy performance. Building shape has a direct impact on energy consumption and environmental 

performance. Studies on school buildings have shown the recurrence of several models or typologies. Those studies have 

however not explored interactions between lighting, thermal, and energy performance. Balancing these aspects proves to 

be especially significant in school buildings, since benefits on human comfort as well as economical, environmental and 

pedagogical aspects have been well recognized. Using the IES-VE software, nine typologies of school buildings were 

modelled using three recurring proportions of classrooms (2:3, 1:1 and 3:2) to analyze their bioclimatic potential in two 

different climatic contexts: cold (Montreal, Canada) and temperate (Santiago, Chile). Visual performance was assessed 

according to the Daylight Autonomy (DA) index, while the thermal performance was measured by the PPD index and the 

number of hours located within the comfort zone defined by the prEN 15251 standard. As for the quality of indoor air, a 

threshold of 1000 ppm was fixed, while for the energy performance the kWh/m2/a indicator was used. Results show that 

the best performances are consistently related to linear typologies under both climates, as well as the potential for natural 

ventilation to achieve acceptable levels of indoor air quality when conditions are favourable. In many ways, the research 

casts doubt on the compactness of form as the optimal solution for energy conservation. 

Keywords: School buildings, building shape, typology, visual comfort, daylight, thermal comfort, indoor air quality, 

energy conservation 

 

 

INTRODUCTION  

The energy crisis and the perspective of a global climate 

change have generated a situation where all initiatives 

associated with the reduction of the energy consumption 

and the greenhouse gas emissions (GES) are encouraged. 

The creation and the operation of buildings represent 

approximately 40 % of the world annual consumption of 

energy and up to a third of greenhouse gas emissions [1]. 

Therefore, the architecture and construction fields are 

one of key sectors in which it is possible to intervene to 

produce fast and long-lasting changes. According to the 

Sustainable Buildings and Climate Initiative of United 

Nations [2], with the available technologies today, the 

energy consumption in new and existing buildings could 

be reduced up to 50%, without generating a significant 

increase in expenses.  

 

Apart from the economic profits associated with 

measures of energy efficiency, in the case of school 

buildings, the promotion of education for sustainable 

development and the improvement of conditions of 

comfort constitute important additional gains.   

A sustainable school building can indeed awaken the 

environmental consciousness to its users, pupils, teachers 

and community. This was acknowledged by the United 

Nations [3] that appointed the period 2005-2014 as the 

Decade of Education for Sustainable Development, and 

established the renovation and construction of 

sustainable schools as one of its key strategies to reduce 

greenhouse gas emissions and stimulate responsible 

long-term lifestyles.  
 

Moreover, the benefits of thermal comfort, indoor air 

quality and daylight on the health, well-being, and 

performance of children in the classroom, are also 

mentioned in the literature [4,5,6,7].  

 

It is acknowledged today that the decisions taken during 

the initial phases of an architectural conception produce 

the most important impact on the energy performance of 

a building. A good choice of building shape and 

orientation can entail a reduction achieving up to 40 % of 

its energy consumption [8].  

 

The first researchers who were interested in the 

architectural shape as a means in a perspective of 

optimization of the energy and resources are Olgyay [9] 

as well as Martin and March [10]. More recently, the 
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subject of the shape of a building and its energy 

efficiency has been analyzed profusely [11, 12, 13, 14, 

15]. However, no studies dealing with the relationship 

between school building typologies and its 

environmental and energy performance have been 

accounted for. Furthermore, most of the studies that 

concern the performance of the typologies were 

developed in contexts of hot-dry or hot-wet climate.  

Aiming to provide specific design guidelines for school 

buildings, this paper analyzes the performance of 

different typologies, taking into account architectural 

shape as the first design criteria. Using the hourly 

dynamic simulation software IES-VE [16], various 

configurations of classrooms and school buildings will be 

modelled, by estimating their energy and environmental 

performances. In addition, the research will try to 

confirm the idea of Hawkes [13] questioning the 

compactness of the shape of the building as the optimal 

solution for the preservation of energy 

 

Regarding the climatic context, the study will 

concentrate on cold climate (Montreal, Canada) and 

moderated climates (Santiago, Chile). This selection is 

mainly based on the increase of heating loads and the 

larger passive solar potential that the architectural shape 

would have in these contexts.  

 

Thermal performance was measured by two indicators: 

the percentage of occupation hours where the PPD index 

is less than 20%, and the percentage of occupation hours 

located within the comfort zone defined by the prEN 

15251 standard, based on the adaptive model. For the 

visual comfort analysis, the performance is assessed 

according to the Daylight Autonomy Index (DA) 

proposed by Reinhart and Walkenhorst [17]. In this case, 

the DA is expressed in terms of the percentage of 

occupation hours in which the level of luminance is equal 

to or higher than 500 lux. As for the indoor air quality, a 

thresholds of 1000 and 1500 ppm of CO2 were 

established, estimating the percentage of occupation 

hours located within these limits.  

 

With regard to energy performance, the indicator used to 

measure the energy consumption is the kilowatt-hour per 

square meter per year (kWh/m2/a). This indicator 

includes heating, lighting, and equipment, as well as the 

ventilators, the pumps and commands. Furthermore, in 

every series of simulations, a percentage associated with 

the energy savings will be calculated to compare the 

energy performance in a clearer way. This percentage 

will be estimated according to the difference between the 

most efficient and the most energy-consuming typology. 

 

THE TYPOLOGIES 

The concept of typology is a fundamental aspect of the 

discipline of architecture. It is used in the sense of a 

classification of spatial "types", models, prototypes, or 

primary forms of a building [18]. According to Crowe 

[19] the concept of "type" recognizes the use of 

preconceived entities in the process of the architectural 

conception. Thus, the study of the typologies would be 

useful to determine basic rules that can be applied in 

similar situations. 

 

In the present research, the typologies to be studied were 

identified on the basis of a literature review on the 

subject. Although they do not reflect the rich language of 

architecture, these abstract models are useful to express 

the general organization of school and discuss the 

decisions emanating from the design [20]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: School building typologies analyzed in the study. 

 

Regarding the building itself, we consider three basic 

typologies: linear, central corridor and concentrated 

model (fig. 1). In the case of the linear typologies and 

central corridor, we determine three different models 

with three classroom proportions: 2:3, 1:1 and 3:2 (fig. 

2). The square proportion 1:1 is recommended by 

teachers due to its flexibility and coherence with certain 

educational models [21]. The rectangular rooms however 

would be considered because of their potential for 

passive solar heating, lighting and natural ventilation. 

In the case of the concentrated typology, we keep only 

the typology with a proportion 2:3, because the other 

proportions of rooms were not representative of the 

concentrated model. Indeed, their EV factors 

Linear 1:1  
(Lin_1-1) 

Surface :608,6 m2  
EV Factor : 0,89 

 
 

Linear 2:3  
(Lin_2-3) 

Surface :648 m2  
 EV Factor : 0,92 

 
 

Central Corridor 2:3 
(CC_2:3)  

Surface :540 m2  
EV Factor : 0,86 

 

Linear 2:3 - 2 floors  
(Lin_2-3_2floors) 
Surface :648 m2  
EV Factor : 0,61 

 

Central Corridor 1:1 
(CC_1-1) 

Surface :520,4 m2  
EV Factor : 0,85 

 

Concentred 3:2 
(Con_2-3) 

Surface :576m2  
EV Factor : 0,83 

 

C.Corridor 3:2 – 2 floors 
(CC_3-2_2floors) 
Surface :540m2  
EV Factor : 0,58 

 

Central Corridor 3:2 
(CC_3-2) 

Surface :504m2  
EV Factor : 0,85 

 

Linear 3:2 
(Lin_3-2) 

Surface :576 m2  
EV Factor : 0,88 
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(envelope/volume) were more important than those with 

a proportion 2:3, making them "less concentrated" or less 

compact. Therefore, we replaced these two 

configurations by a two-story linear model and a two-

story central corridor model, with lower EV factors (0,61 

and 0,58 respectively). The table 1 summarizes the 

parameters used in the simulations. 

 
Classroom 2 :3 Classroom 1 :1 Classroom 3 :2 

 

 

 

 

 

 

 

 

 

 
Figure 2: Classrooms proportions  

 
Parameters  
Surface of classrooms: 54 m2 (6 x 9 m and 7,35 x 7,35 m) 

Height: 3 m 

M2/Pupil - Number of pupils: 2 m2/pupil = 27 pupils 

Activity-metabolic rate: Pupil : 66 W, Adult : 108 W 

Profile of occupation: Monday – Friday, 8:00 - 12:00 and 

13:00 - 16:00. 

Days/Hours of occupation: 216 days, 7 h/day, 1512 hours 

Summer holidays: 9 weeks – 63 days 

Equipment  

Artificial lighting: 

 

Classrooms: 300 lux – 11,25 W/m2 

Corridors : 150 lux – 5,63 W/m2 

Computer Equipment: 6 W/m2 

Profile of occupation - equipments: 
 

Monday - Friday 8:00 to 12 :00 and 

13 :00 to 16 :00. 

Parameters for the lighting  

Maintenance factor: 0,9 
Height of work table: 76 cm 

Reflectances: Walls : 0,5 / Floor : 0,2 / Ceiling : 0,7 
Glass transmittance: Double Low-e: 0,76 

Systems  
Heating: Radiator (hot water) 

Heat recovery: 50% 

Cooling: Not 
Natural Ventilation - Windows: 
 

Opening by temperature 
(Tint > 24 et Text > 10  < 27) 

Opening by CO2 
(ppm>1200 and Text > 10) 

Table 1: Parameters used in the simulations. 

 

 

DISCUSSION OF RESULTS 

1.    Impact on the visual performance 

In both climatic contexts, the changes of typology have 

an important effect on the visual performance. The 

dynamic indicator (Index of autonomy) shows better 

results for the linear typology with classrooms of 2:3 

proportion, whereas the performance decreases in the 

typologies of central and concentrated corridors.   

The graph of figure 3 summarizes the results of the index 

of autonomy for 9 typologies analyzed in both climates. 

It is possible to observe that the decrease associated with 

the typology is very important, achieving as much as 

97% of reduction in the case of moderate climate and a 

78% reduction in cold climate (typology central corridor 

2:3 versus central corridor 3:2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3: Visual Performance of typologies  

 

Furthermore, in both contexts the most successful 

typologies from a visual point of view would be the 

linear typology 2:3 and the two-story linear typology 2:3 

in (83 % of hours of autonomy in moderate climate and 

76 % in cold climate). The less successful typologies 

would be the linear 3:2 and the central corridor 3:2 ones. 

Surprisingly, the worst results are obtained in moderate 

climate instead of cold climate. Low solar angles in cold 

climates would allow deeper daylight penetration. It is 

also possible to observe that the typologies with a 

proportion of classroom 1:1 obtain almost the same 

results in both climates (53-54 % of autonomy for the 

linear typology 1:1 and 44-46 % for the typology CC 

1:1). This could indicate that the visual performance of 

classrooms having a proportion 1:1 would be less 

influenced by factors such as the geographical 

localization and the orientation. 

 

2.  Impact on the thermal performance  

The impact of the typology on thermal performance is 

rather low. Indeed, both indicators used (% of hours in 

the zone of comfort and % of hours where PPD < 20 %) 

show little variation in the simulated typologies, in both 

climatic contexts (see fig.7 and 8). The difference in the 

first indicator reaches 4 %, whereas for the second 

indicator, it reaches 1 %, in both climates. 

According to the results, the most successful typologies 

from the thermal point of view would be the linear two-

story typology 2:3 in cold climate (91 % of time with a 
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PPD < 20 % and 86 % of time inside the zone of 

comfort) and the two-story central corridor typology 2:3 

in moderate climate (89,7 % of time with a PPD < 20 % 

and 79 % of time inside the zone of comfort). 

On the other hand, the least successful typology would 

be the concentrated typology, which presents the highest 

percentage of discomfort hours (18 % of occupation 

hours in cold climate and 18,5 % in moderate climate) 

and a lower percentage of satisfied persons (87 % and 72 

% of time with a PPD > 20 % in cold and moderate 

climates respectively). The bad conditions of ventilation 

in the concentrated typology would explain these results 

(see point 3). 

 

3.  Impact on indoor air quality 

According to the results we can note that the threshold 

fixed at 1500 ppm does not generate significative 

differences between the typologies. All the typologies 

show 44 % of time with a concentration of CO2 < 1500 

ppm in cold climate whereas in moderate climate the 

values are situated around 83%. This would reflect the 

limits for the opening of windows in both analyzed 

climates. The hours where the concentration of CO2 is 

higher than 1500 ppm correspond exactly to the days 

when weather conditions do not allow the opening of 

windows. In other words, apart from the potential of 

ventilation of every typology, there is a portion of time 

(66 % in cold climate and 17 % in moderate climate) 

where natural ventilation, such as that simulated in the 

present study, would not be possible and thus, it is not 

capable of reducing the concentration of CO2. 

 

On the other hand, the threshold fixed at 1000 ppm 

shows significative variations between typologies, in 

both climatic contexts. In the moderate climate, the 

differences are greater; demonstrating a 55 % of 

variation between the most successful typology (linear 

2:3 in 2 floors) and the least successful (concentrated 

2:3). Generally, we can observe a better performance of 

the linear typologies in both climates. It would confirm 

the biggest potential of ventilation for narrow building 

types. 

 

At the first glance, it would seem that natural ventilation 

would not be sufficient to guarantee an adequate indoor 

air quality. Nevertheless, it is necessary to discuss this 

conclusion by considering the limits of the simulations. 

A first aspect to be considered is the temperature 

required for the opening of windows. Indeed, the profiles 

used to simulate the opening of windows consider a 

range of outside temperatures between 10°C and 27°C. 

Therefore, the moderate climate has a higher potential of 

natural ventilation, with regards to the cold climate. But, 

when the conditions of exterior temperatures are 

favourable, the natural ventilation demonstrates its 

efficiency to reach acceptable levels of air quality. Also, 

it would be necessary to indicate that the potential of the 

natural ventilation can be increased by means of passive 

heating strategies such as the double facade, the Puits 

Canadien, or other passive strategies. In the case of the 

cold climate, a study carried out by the GRAP [22] in a 

school of the province of Quebec showed the 

applicability of such measures. 

 

 
Figure 4. Indoor Air Quality Performance in the studied 

typologies. 

 

 

4.  Impact on energy performance 

The results seem to contradict the idea of compactness of 

the shape as the optimal solution for energy performance. 

Indeed, in both types of climates the energy performance 

of certain linear typologies is better or very similar to 

that of compact typologies. In a more detailed analysis, 

we can observe that compact typologies would have a 

better energy performance associated with heating. 

However, this advantage is counterbalanced by the better 

visual performance of linear typologies, which translates 

into important energy savings in terms of artificial 

lighting. It would confirm the passive potential of linear 

typologies, even in a cold climate. 

 

In the case of the moderate context, we can note that for 

the central corridor typologies 1:1 and 3:2, the energy 

consumption associated with the lighting is raised even 

more than that associated with the heating. It would 

confirm the importance of energy consumption 

associated with the lighting in school buildings, and 

demonstrates the necessity of performing a global 

analysis, by including all the aspects of comfort, before 

determining the energy performance. 
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Figure 5. Typologies Energy Consumption. Cold Climate. 

. 

 
 

 

Figure 6. Typologies Energy Consumption. Moderate Climate. 

 

 

In both climates, the most energy-consuming typology 

corresponds to the linear typology 3:2 (148 kWh/m2/y in 

cold climate and 62 kWh/m2/y in moderate), whereas the 

most energy efficient typology would be the two-story 

central corridor typology 2:3 (135,6 kWh / m2/y in cold 

climate and 42,9 kWh/m2/y in moderate). Furthermore, 

we can note that energy savings would be more 

important for moderate climate (up to 31 % of economy). 

On the other hand, in the cold climate, the differences 

between the energy savings of the typologies would be 

lower (only 8,4 % between the most successful and the 

most energy-consuming typology). 

 

Figure 7. Global Performance of typologies – Moderate 

Climate. 

 

 

 
 

Figure 8. Global Performance of typologies – Cold Climate. 

 

CONCLUSIONS 

As suggested by Hawkes [13], the compactness of the 

shape would not be the optimal solution for energy 

conservation, in none of the analyzed climatic contexts. 

Indeed, the linear typologies would have a better global 

performance with regards to the more concentrated 

typologies. 

 

The results demonstrate that the proportion of classrooms 

in determining the overall shape of a school building has 

a very important impact on the availability of natural 

lighting. Indeed, the aspect most affected by the change 

of typology is the visual performance, whereas for 

thermal comfort, air quality and energy consumption, the 

impact would not be significant. In the cold climate, it is 
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possible to confirm the strong variation of the visual 

performance associated with the change of typology, 

achieving up to 78 % of reduction between the central 

corridor 2:3 and central corridor 3:2 typologies.  

 

Thus, in a decision-making context, it would always be 

necessary to consider the impacts on visual comfort 

before taking further steps regarding the shape.  For 

example, under a cold climate, it would not be advisable 

to sacrifice the visual comfort in exchange for a minimal 

reduction in energy consumption (the difference of 

energy saving between the most energy-efficient and the 

most energy-consuming corresponds only to 8,4 %). On 

the other hand, under a moderated climate, this 

difference would be more significant, reaching 31 % 

between the most energy efficient  typology (two-story 

central corridor 2:3) and the most energy-consuming 

(Linear 3:2 ). 

 

The results confirm the higher potential of natural 

ventilation in narrow typologies. However, this 

performance is affected by the weather conditions which 

restrict the opening of windows. Indeed, in the moderate 

climate we can witness a bigger difference between the 

performance of the typologies (54 % between the linear 

typologies and the least successful typology, the 

concentrated typology) because of the favourable 

conditions which allow the opening of windows during 

more time. In spite of this limitation, during the hours 

when the conditions are favourable, the natural 

ventilation clearly demonstrated its efficiency to improve 

the quality of internal air, in the cold climate.  

 

If we look at the global performance, the most successful 

typologies would be the linear two-story typology 2:3 

and the linear typology 2:3 for both climates. They show 

better visual and energy performances, whereas their 

thermal and indoor air quality performances are very 

similar to the other typologies. 
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