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ABSTRACT 

The energy consumption of a dwelling depends on 

energy performance of building envelope and of 

HVAC systems, as well as on the behaviour of 

occupants. This paper is interested in virtual tests of a 
‘positive energy’ dwelling in a Mediterranean 
climate. It is based on a real house under 
construction. 

This article analyses the influence of the occupancy 

scenario on the behaviour of the dwelling and 

verifies the comportment and robustness of the 

building based on different types of occupancy 

scenarios, appliances and lighting use and 

temperature set point for an optimal thermal comfort 

suitable for occupants. 
 

INTRODUCTION 

During the past decades, the political and public 

awareness of the dire need for a more energy 

efficient society has become widely spread in 

Western Europe, driven by the global concerns of 

climate change due to the anthropogenic emission of 

greenhouse gasses. The European Union has since 

issued many legislative initiatives and has set future 

targets, some more ambitious than others, to that 

effect. A substantial portion of this attention is 

directed to the building sector, which stands to 

reason, given the fact that about 40% of the final 

energy use is attributable to buildings. The key 

document in this context is the Energy Performance 

of Buildings Directive (EPBD), first published in 

2002 and revised in 2010. 

In France, this directive is translated in the 

'Réglementation Thermique', which imposes 

maximum levels of energy use to new buildings. The 

requirements are gradually tightened throughout the 

years, projected to culminate in 2020 to the exclusive 

construction of energy-positive buildings or so-called 

BEPOS (Bâtiments à Energie POSitive), which are 

defined as buildings that produce more energy than 

they consume (annual balance). 

However, some pilot studies evaluating energy- 

efficient solutions for the building sector indicate that 

the desired results are not always obtained in 

practice. Pioneering projects of newly built low-

energy buildings show an unanticipated large spread 

on the achieved performance in terms of energy use, 

e.g. (Schnieders and Hermelink., 2006) and (Lenoir 

et al., 2011). The lion share of this uncertainty 

attributed to the behaviour of the occupants in 

buildings, i.e. their heating and cooling patterns, 

opening of windows, etc. 

Building energy models are able to simulate the 

actual thermal behaviour of the building and to 

predict its energy consumption. This is done by 

looking at two aspects: the building itself, with its 

actual geometry and envelope and of course, the 

behaviour of its occupants. The majority of the 

models tends to stay simple by considering an 

idealized condition of the building’s operation (Ryan 

et al., 2012) (Spitz et al., 2012). 

But as the model gets more sophisticated and more 

complex, more realistic consideration of the building 

occupants’ should reduce the gaps between the 

forecasts and the actual behaviour. 

Most of the models consider the building’s occupant 

influence by using schedules of occupancy and of 

equipment. Moreover, in the most of the national 

regulations the user is represented by a fixed 

schedule, which is generalized and used for all the 

buildings (Melo et al., 2014) (RT 2012). 

However, in order to have a more realistic inside 

view, Knight et al. (2007) studied how accurate 

currents models are. This was done by comparing 

two different building energy models with monitored 

data from a building and survey data from building’s 

occupants. The authors shown that the survey and the 

questionnaire as conducted were not able to predict 

the actual behaviour and the energy consumption of 

the building. 

Another way to consider the human-building 

interaction is to extrapolate from big data streams 

like in (D’oca, 2015). This allows finding some 

archetypal working profiles that will help for better 

understanding the energy usage. 

In this paper, an actual positive-energy building is 

considered in the design phase. First, the energy 

efficiency is checked through dynamic simulation for 

the dwelling assuming a deterministic scenario of 

occupancy and building use by using the French
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Thermal Standard schedule. In a second step, the 

occupants of the building were questioned about their 

future presence and equipment use. This allowed us 

to set a schedule, which is more realistic and offers 

an inside view of how the future occupants predict 

their own energy use. 

In the end, the robustness of this design is evaluated 

through an uncertainty analysis of the simulated 

performance regarding occupant behaviour. To this 

end, the dynamic thermal simulation model is 

coupled to an integrated stochastic multi-agent 

behavioural model. 
 

BUILDING SIMULATION 
 

Brief description of the building 

The case study of this paper is a single-family house 

situated in the Mediterranean climate in the south of 

France. The geometry of this 214.5 m2 living area is 

complex, constrained by the sloping land. This 

geometry gives a compactness coefficient - the ratio 

of the envelope thermal losses surface and the 

habitable volume - of 2.58 (see Figure 1). 

The design of this house complies with the French 

standard RT2012 in order to minimize the energy 

demands both in the heating and cooling season. 

With regard to the envelope, highly insulating 

materials were chosen, see Table 1 for details. 

Table 1 

Exterior wall composition for the studied building 

 
Type of 

exterior wall 

Thickness 

(cm) 

Thermal 

conductivity 

R 

(m2.K/W) 

Exterior 

rendering 

1 1 0.01 

Concrete 20 0.182 1.1 

Mineral wool 18 0.032 5.62 

Interior 

plaster 

1 0.43 0.02 

This house has substantial glazed surfaces for natural 

lighting and winter solar heat gains. All windows are 

double-glazed with an interspace of 15 mm filled 

with argon, with an Ug-value of 1 (W/m2.K), a light 

transmittance of 0.71 and a solar heat gain coefficient 

of 0.5. 

This building is also equipped with sunscreens, 

blinds and automatic shutters that allow optimizing 

thermal comfort in summer. Potential overheating 

problems were indeed carefully analysed, taking into 

consideration that the house is situated in a 

Mediterranean climate and solar gains will be very 

important. 

On-site energy production is ensured by the 

integration of photovoltaic panels of 20% of 

efficiency that will cover a surface of 40 m2. There is 

also a 12 meters high wind turbine. The systems were 

sized to cover annual energy demand of the house, 

including: space heating, domestic hot water, 

ventilation, lighting, auxiliaries (pumps, fans, etc.) as 

well as appliances. 

As far as for the domestic hot water, for four 

bathrooms and six sinks, an air-water heat pump is 

installed. 

Regarding ventilation, a mechanical outlet system 

‘type hygro B’ is installed. This system indirectly 

detects human presence through moisture emitted by 

the occupant’s presence and adjusts air outflow to the 

level of indoor relative humidity. This has the 

advantage of limiting the heating by obtaining an 

optimal air exchange. 

Electric heaters with the total power of 8000 W meet 

the heating energy demand. This is an intelligent 

system, which detects human presence and 

permanently adapts the room temperature. For 

example, the heating set point temperature is 

lowered, when there is no presence. 
 

Energy Plus 

The simulations were performed using Energy Plus. 

This is an energy analysis and thermal load 

simulation program widespread in building 

simulation community around the world 

(apps/eere.energy/buildings/energyplus). It calculates 

heating and cooling loads necessary to maintain 

thermal control set points, conditions throughout a 

secondary HVAC system and coil loads, and the 

energy consumption of primary plant equipment. 
 

Modelling principle and design assumptions 

As modelling assumption, this building was divided 

in 9 thermal zones, to coincide with the building’s 

room partition (see Fig. 1). 

 

Figure 1 3D representation of the building 

The minimum system airflow rate is equal to the sum 

of the minimum outflows connected to the fan. The 

calculated value is about 0.037 m3/s. The maximum 

target airflow rate is about 0.091 m3/s. Both are 

calculated according to the Technical Notice: 

(Ventilation systems hygrorégrable Alize III), 

knowing that there is one kitchen, four bathrooms and 

sixnsinks.
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RESULTS USING DIFFERENT 

SHEDULES 
 

Simulation using RT schedule 

In France, the present thermal standard is called RT 
2012 (2014). This imposes high-energy performance 
to new buildings. The main characteristics and 
requirements are as follows: 

  50 kWh/m2/year of the total energy 

consumption as in for: heating, cooling, 

DHW, ventilation and lighting (adapted for 

different climat zones) 

    Building envelope energy efficiency 

    A maximum indoor temperature in summer 

    Access to natural lighting 

  Mandatory treatment of thermal bridges and 

of the air permeability 

Regarding the set point temperature during heating 

period, RT-scenario (scenario in the official standard) 

this is based on two values: a reduced set point 

temperature of 16° C when there’s no occupancy and 

in the night and 19° C for the remaining time (see Fig 

2). 

19 

 

 
Week days 

 
Weekend 

 

 
 

16 

0      2      4      6      8     10    12    14    16    18    20    22    24 
hours / day 

 

Figure 2 Heating set point temperature RT2012 

schedule 

Two types of internal sources are taken into account 

by RT-scenario: appliances with 5.7 W/m2  and the 

lighting with 1.4 W/m2. More information about the 

scenario of equipment and lights use can be found in 

(RT 2012). 
 

Simulation using owner’s schedule 

The owners of the dwelling have provided a detailed 

description of the expected presence and use of 

electrical equipment, allowing constructing a 

detailed; albeit deterministic, scenario of building 

use, as is exemplified in Figure 3 for Monday. In 

Figure 4 the complete schedule for all the week, 

starting on Sunday, can be found. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

hours / day 
 

Figure 3 Monday occupation schedule 
 
 
 
 
 
 
 
 
 
 
 
 

hours / day 
 

Figure 4 Week occupation charts 

Regarding the set point temperature we used a 

schedule based on occupation charts provided by the 

owners (Table 2). Therefore, when there is a 

presence the set point temperature is fixed at Tocc. 

During the night and when there is no occupation, the 

set point temperature is at Tlow. Two variants were 

simulated: 21°C/18°C and 19°C/16°C. 

Table 2 

Owner’s view: set point temperature schedule 

 
 

WEEK DAYS 
T 

[°C] 

 

WEEK DAYS 
T 

[°C] 

 

Monday- Friday 
  

Weekend- Wednesday 
 

00:00-07:00 18 00:00-09:00 18 

07:00-08:00 21 09:00-00:00 21 

08:00-12:00 18   

12:00-14:00 21   

14:00-18:00 18   

18:00-00:00 21   

Appliances power was also modelled according to 

owner’s specifications. The implemented schedule in 

Energy Plus for the electrical appliances is shown in 

tablen3.
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SCHEDULE 
HEATING 

DEMAND 

APPLIANCES 

DEMAND 

LIGHTS 

DEMAND 

RT 2012 14.11 28.92 3.46 

Owner's view 

(16 - 19°C) 

 

11.36 
 

21.95 
 

3.53 

Owner's view 

(18- 21°C) 

 

19.41 
 

21.95 
 

3.53 

 

Table 3 

Appliances demand power and use 

 

ELECTRIC 
 

EQUIPMENT 

MAXIMUM 

POWER 

[W] 

USE 

[h/day] 

Oven 2850 0.43 

Plates 3675 1 

Microwave 1000 0.25 

TV (children) 64 8.5 

TV (living) 64 2 

Laptop 90 2 

Iron 2100 0.29 

Fridge 80 24 

Washing machine 2200 0.04 

Dishwasher 2100 0.06 

Tablet 50 0.09 

 

 
Simulations performed using occupancy schedule 

given by the owner were performed using 

EnergyPlus. The annual energy balance shows that 

half of the annual energy consumption is due to the 

appliances (Figure 5). 
 
 

 

Simulation using different types of schedules 

As presented earlier, in building performance 

simulation, the human aspect is greatly simplified by 

using estimated deterministic schedules of behaviour 

as inputs. In recent years, quite some work by various 

authors has been done analysing empirical data and 

extracting statistical behavioural models. An 

important finding in this context was that "the use of 

controls is clearly influenced by physical conditions, 

but their use tends to be governed by a stochastic 

rather than a precise relationship" (Nicol 2001). 

Occupant’s behaviour is thus adaptive and stochastic, 

to which it could be added that it is individual, in that 

respect that behaviour is "governed by different but 

distinct habits" (Andersen et al. 2011). 

In this section, the robustness of the energy design 

previously presented is assessed for varying 

scenarios of occupancy and building use. A 

comprehensive multi-agent behavioural model for 

residential buildings (Parys et al. 2014) is coupled to 

the building simulation software. 

The model includes presence, appliances and lights 

use as well as the heating set temperature. 

Presence and activity models are based on a French 

TUS (Time Use Survey) also used by Wilke et al. 

(2013). The results of the presence model serve as 

input to the activity model. The model contains 20 

different activities. More details can be found in 

(Parys et al. 2014). 

The main principle is that when the individual is still 

present and an activity is finished, the next activity is 

drawn based on the starting probabilities, depending
 
 
 
 
 
 
 
 

 

 
 
 

  on the day of the week, the hour of the day, a set of 

socio-demographic variables and the previous 

activity. 

Appliances: for this part, the model of Wilke (2013) 

is selected for sampling the household appliances

 

Figure 5 Annual energy balance 

 
Table 4 summarizes the results for heating, 

appliances and lighting demand, for three 

implemented schedules. These are: the RT 2012 

schedule and the owner’s view schedule, using both 

types of values for the set point temperature 

21°C/18°C and 19°C/16°C. 

 
Table 4 

Heating, appliances and lighting energy demand for 

each type of the implemented schedule 

ownership. 

Lighting: the model of Richardson et al. (2010) is 

selected for implementation in the comprehensive 

model. 

Heating set temperatures: The model consists in 

sampling a single heating set point temperature from 

a Gaussian distribution at the start. In addition, the 

data of Huebner et al. (2013) are used to determine 

the distribution, i.e. a mean of 20.6°C and a standard 

deviation of 2.5°C. Sampling is however restricted to 

an interval of 2 times the standard deviation on either 
side of the mean. 
The robustness assessment of the energy performance 
of the building is carried out through a Monte Carlo 
type uncertainty analysis. The uncertain input 
parameters are linked to the sociodemographics 
parameters of the inhabitants and to the individual 
variability. 600 types of families with different 
presence, activity and energy use were used as input 
schedules for the building simulation. These 
schedules were implemented in EnergyPlus in order 
to.calculate.the.energy.demand.
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DISCUSSION AND RESULT 

This section presents the main outputs from more 

than 600 simulations, for various schedules 

implemented in EnergyPlus: 

 RT 2012 schedule 

 Owner’s view schedule (for the set point 

temperature 21°C/18°C) 

 600 families schedules resulting from the agent 

based model 

The results are presented as histograms for heating 

(Figure 6), appliances (Figure 8) and lighting (Figure 

9) energy demand for each family. 
 

Results for heating energy demand 

 

Figure 6 Histograms representing heating energy 

demand for different families. 

Regarding the heating demand energy, the majority 

of families have the energy consumption between 15 

and 35 kWh/m2/year. This is also the case when 

using the RT2012 schedule and the owner’s view 

schedule. As is shown here the French Thermal 

Standard schedule tends to underestimate the heating 

energy demand. As presented before, the set point 

temperature is between 16°C and 19°C and this is the 

case of an energy efficient scenario. According to the 

agent-based model, for some families the heating 

energy demand will rise up to 50 kWh/m2/year. This 

is mainly because the indoor temperature is set at 

25°C during occupation. This is often the case of a 

retired family spending most of the time inside the 

building (See Fig 7). 

 

Figure 7 Set point temperature and occupancy for 

two days, for a specific family. 

 

Results for appliances energy demand 

 

 
Figure 8 Histogram representing appliances for 

different families. 

 
As for the appliances, the majority of families 

consume between 6 and 14 kWh/m2/year. However, 

in the French Thermal Standard schedule, the average 

power is connected to the dwelling surface (5.7 

W/m2) and not to the number of inhabitants. This 

causes an overestimation of the appliances energy 

demand. This can also be the case with the owner’s 

view schedule for the equipment use. Please note, 

that in Figure 8 two scenarios for owner’s appliances 

are used. In the first one ‘owner’s view Pmax’, all 

appliances use they nominal power (as given in the 

table 3). In this case the energy demand for 

appliances is very high (over 20 kWh/m2/year). In the 

second case, one ‘owner’s view Paverage’, all 

appliances use an averaged power, given in table 5). 

In this case, the energy demand for appliances is 

slightly lower than 10 kWh/m2/year and is close to 

the statistical behaviour represented by the 

comprehensive multi-agent behavioural model. When 

taking into account the maximum power as in Table 

3, energy demand seems overestimated. It is also 

close to the results from the simulation using the RT 

schedule. 

Table 5 

Average power for the appliances

 ELECTRIC 
 

EQUIPMENT 

AVERAGE 

POWER 

[W] 

Oven 1040 

Plates 778 

Microwave 213 

TV (children) 64 

TV (living) 64 

Laptop 90 

Iron 625 

Fridge 36 

Proceedings of BS2015: 
14th Conference of International Building Performance Simulation Association, Hyderabad, India, Dec. 7-9, 2015.

- 179 -



Washing 

machine 

 

520 

Dishwasher 1222 

Tablet 50 

 

 

Figure 10 Histogram representing annual total 

energy balance for different families. 
 

Results for lighting energy demand 

The results for lighting energy demand (Fig 9) show 

discrepancies between the lighting use estimated by 

the model and the one estimated by the standard. 

This is also because The French Thermal Standard 

schedule considers a lighting power of a 1.4 W/m2. 

This building has a large living area so when one 

considers the power by m2 the tendency is to 

overestimate the energy demand for lighting. 

However, the energy demand for lightning is only a 

small part of the total energy demand (less than 10% 

as shown in Figure 5). 
 

 
 

Figure 9 Histogram representing lighting energy 

demand for different families. 
 

 
Results for the annual energy balance 

The goal of this paper is to study the energy 

behaviour of the building when looking at the annual 

energy balance. This mainly mean answering the 

question “can this building be energy positive when 

using different type of schedules, with different 

occupancy, different set point temperature and energy 

use?”. We estimated that the on-site energy 

production would be up to 60 kWh/m2/year. The 

estimated DHW (Domestic Hot Water) energy 

demand is equal to 4.25 kWh/m2/year and fans for 

the ventilation consume 1.2 kWh/m2/year. This leads 

to the results presented in Figure 10. Finally, except 

for a few families the annual energy balance is 

positive for the majority of families. This is also the 

case for the RT2012 scenario and the owner’s view. 

CONLCUSION 

1. This paper reveals the thermal behaviour of a low 

energy building when comparing different 

scenarios for occupancy, set point temperature, 

appliances and lighting power. The different 

schedules are: one related to the RT 2012 (French 

Thermal Standard), the future owner’s own view 

schedule and 600 schedules, based on statistics, 

provided by an agent-based model. 

2. When comparing the results from simulations 

using RT2012 with statistical scenarios, the 

results show that French Legislation schedule for 

the heating demand tends to underestimate the 

actual set point temperature, and in consequence 

the heating energy demand. However, the 

opposite is true for the appliances energy demand 

that tend to be overestimated by the standard. 

This can be explained by the fact that the 

RT2012 imposes a power of 5.7 kWh/m2/year 

and the present house has a large living area. 

3.   The future owner seems to predict well his energy 

consumption as for the heating and the 

appliances demand. 

4.   As shown here, a positive annual energy balance 

is achieved for most of the families, showing 

theoretical robustness of the design. 

5. As a perspective, a comparison between 

simulations and the actual measured data will be 

performed in future. 
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